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T here is many an exciting story about how amateur 
radio operators now in the services have helped 
extend the lines of victory around the world There’s 
the one about the ’’Banana Net”— the name the boys 
gave to the radio network down in the Panama jungle 
As the G Ts have it, ”it rains continually during the 
rainy season but only once a day in the dry season” 
The ’’Banana Net” is just one link in the vast network 
set up by the AACS— Army Airways Communications 
System. The AACS safeguards tens of thousands of 
lives by relaying w^eather reports coordinating infor- 
mation on enemy movements and by bringing home 
or locating flying ships that arc down or in trouble 


The ranks of the far flung AACS are filled with one- 
time amateur radio operators. Amateurs have always 
found in Hallicrafters equipment the perfection they 
themselves have been seeking. For these exacting 
technicians Hallicrafters made superior equipment long 
before the war As a matter of fact thousands of pieces 
of privately owned Hallicrafters equipment were 
drafted into the services right along with the amateurs 
who once operated them After the war Hallicrafters 
will have a new kind of radio ready. Discriminating 
listeners will want the radio man’s radio — the radio 
that has an amazing range and performance on all 
bands, short wave and regular broadcast. 
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Previews of the Industrial Horizon I 


S INCE THIS number of Scientific American, the first of 12 
100th Anmversary Issues, is devoted to reviews and pre- 
views of the past, present, and future of industrial research, 
it is fitting that this month’s Industrial Horizons be scanned 
through the eyes of outstanding men of science and industry 
The following quotes fit neatly into the integrated pattern 
of things to come out of the research laboratory and of the 
increasing consciousness of industry’s stake in society 


COMPETITION AND NEW INDOSTBIES 
iil 

■t IS ALREADY evident,” says Dr Harvey N Davis, presi- 
dent of Stevens Institute of Technology, “that there is going 
to be in the post-war industrial world an unusual amount not 
only of inter-company, but also of inter-industry and even 
international competition New industries, such as television 
and civilian radar, will be fighting for places in the indus- 
trial sun New raw materials such as the light alloys and the 
plastics will be available to supplement or displace the more 
familiar materials of pre-war industry New production pro- 
cesses such as hyper-milling, high-speed broaching, preci- 
sion casting, and powder metallurgy will be competing with 
the more familiar machine-tools and process of pre-war 
production All this welter of possibilities will necessitate a 
vast amount of industrial research if a firm or an industry 
is to remain or become prosperous And there must also be 
intensive study of foreign lands both as markets and as 
sources of imports as a basis for post-war trade ” 


BOCKETS IN THE FDTUBE 

11 iTH MILLIONS being spent in the development of jet-pro- 
pulsion engines and airplanes,” according to G Edward 
Pendray, assistant to the president of Westinghouse Electric 
and Manufacturing Company, “we can no longer look upon 
rocket power as a dream of the future It is already big 
business 

“New post-war industries will spring from this enor- 
mous war-time development of rockets, rocket motois, jet- 
propulsion planes, and gas turbines,” continues Mr Pendray, 
saymg further that “the effect upon us, as civilians, will be 
enormous Jet propulsion and rocket power will provide new 
altitudes, new velocities, new power for aircraft, and pew 
devices as important and revolutionary to human life as the 
invention of the airplane itself The gas turbine, close rela- 
tive of the thermal jet engine, Is maturing so rapidly that, 
in a very few years, we may see it driving planes, locomo- 
tives, ships, and electric generators ” 


60VEBNNENT AND BESEABCH 

iiT 

I HE JOB of normal peace-time research,” says Hon Robert 
P Patterson, Under Secretary of War, “is a private job, not 
a government job Those branches in which the government 
will continue in the principal role are well known in no way 
do they conflict with the scientific functions of industry or 
umversity What the government may do, if it is called upon, 
is to furnish information and financial support It may fur- 
nish counsel, even leadership It must not, in the normal 
researches of peace, assume control ” 


A NEW KIND or INDOSTBIAL CONPANT 

BELIEVE quite simply that the small company of the fu- 
ture will be as mudi a research organization as it is a manu- 
facturing co^ii»aiiy, and that this new kind of company is the 
frontier for the next generation” So 'aid Edwin H Land, 


&4f, A, A 


president of the Polaroid Corpoiation, speaking at a receiy 
forum on “The Future of Industrial Research,” sponsored bS 
the Standard Oil Development Company 
“Internally this business will be a new type of social umt,” 
continued Mr Land “There will be a different kind of boun- 
dary between management and laboi All will regard them- 
selves as labor in the sense of having as their common pur- 
pose learning new things and applying that knowledge foi 
public welfare The machinist will be proud of and informed 
about the company’s scientific advances, the scientist will 
enjoy the reduction to practice of his basic perceptions 
“Basic research” in these companies of the future, as visu- 
alized by Mr Land, “will be so thorough that the equipment 
required for manufacturing will be light weight and auto- 
matic, requiring relatively small capital investment and 
relatively few operators The essential technique for increas- 
ing the amount of woik to be done during the next genera- 
tion should be the multiplication of fields of activity rathei 
than the multiplication of operators required in any particulai 
activity ” 


MANAGEMENT AND BESEABCH 

uw 

ww ISE MANAGEMENT,” says Dr Frank B Jewett, retiring 
vice president of the American Telephone and 'Telegraph 
Company in charge of development and research, “will see 
to it that those who direct its research and development or- 
ganization are an integral part of its policy-making group 
Such participation imposes a giave responsibility on the 
directors of research and development They must be more 
than able scientists and technologists — they must be indus- 
trial statesmen capable of viewing the problems and ac- 
complishments of the laboratory not only as scientific 
achievements but as part of an economic and social struc- 
ture They must be capable of discarding work — no matter 
how interesting technically — whenever it is clear that it 
docs not fit into that structure On the othei hand, they 
must be prepared to support to the limit those undertakings 
which they are convinced do fit into the ei onomic and social 
structure, even though then less informed associates m man- 
agement think otherwise ” 


SCIENTISTS ARE PEOPLE 

In discussing the oft-pioposed thought that placing all in- 
dustrial research under governmental direction would result 
in accelerated progress, Thomas Midgley, Jr, then president 
of the Amencan Chemical Society said, just before his re- 
cent untimely death “I have lead the various Kilgore Bills 
and the arguments for and against, but I must confess that 
I simply cannot understand the logic involved Somehow, it 
seems to me, the proponents of this and similar proposals 
assume that research scientists are going to work largely 
for the puipose of presenting the results of their labors to 
society free gratis, without any desire for rewards for them- 
selves It IS quite true that scientists, as a group, are more 
willing to work for the sheer joy of satisfying their inquiring 
minds than are most other people, but it is also true that 
scientists have wives who want new automobiles and fui 
coats, quite like physicians* and lawyers* and judges* wives 
do, and scientists have children, just as other folks do, and 
scientists like to feel that they can raise and educate these 
children, like other folks do, and to do it they are deserving 
of an opportunitj^ to obtain a financial reward that is some- 
what proportional to the services they render society 1 
have never been able to figure out where they get it undei 
the Kilgore proposal ** 
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It is not pleasant to have your peaceful life upset by wartime needs and 
restrictions and activities It is not pleasant to die, either Between you who live at 
home and the men who die at the front there is a direct connection . By your actions, 

definitely, a certain number of these men will die or they will come through alive 
If you do everything you can to hasten victory and do every bit of it as fast as you 
can • . then, sure as fate you will save the lives of some men who will otherwise die because 
you let the war last too long Think it over Till the war is won you cannot, 
in fairness to them, complain or waste or shirk Instead, you will apply every last ounce of 
your effort to getting this thing done In the name of God and your fellow man, that is your job. 



The civilian war organization needs your help The Government 
has formed Citizens Service Corps as part of local Defense Councils 
If such a group is at work in your community, cooperate with 
it to the limit of your ability If none exists, help to organize one 
A free booklet telling you what to do and how to do it will be 
sent to you at no charge if you will write to this magazine 
This is your war Help win it Choose what you will do — now ! 

EVERY CIVILIAN A FIGHTER 
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50 Years Ago in . . . 



(Condensed from Issues of January, 1895) 


PNEUMATIC TIRES - “An inteiesting series of experiments 
have been made recently to test the difference between the 
road friction of a carriage with and without the modem 
pneumatic-tired wheels An obstruction 5/16 of an mch 
high was placed in front of each carriage, and it was found 
that 25 pounds was required to haul the steel tired carriage 
over the obstruction and but 11 pounds to diaw the pneu- 
matic tired carriage ” 

ANESTHETIC — “The fiftieth anniversary of the first use of 
anesthesia for the purpose of relieving pain was commemo- 
rated recently ” 

CANALS — “It has long been proposed to enlarge and gen- 
erally improve the canal routes connecting New York with 
Philadelphia and Chesapeake Bay, and it now appears that 
this work IS to be accomplished The latest report of the 
surveyors of the Delaware and Raritan Canal stated that the 
full length of their proposed new route would be 32 miles 
It IS, furthermore, proposed to make connections with the 
Dismal Swamp Canal, and to widen and deepen this canal “ 

GAS ENGINE TRICYCLE - “The accompanying illustration 
shows the latest improvement in adapting the gas engine 
to the running of wagons on ordinary roads This tricycle is 



propelled by a two horse power Golden Gate balanced 
gas engine It carries twelve hou»-s* supply of gasoline, or 
two and one-half gallons, and can easily attain a speed of 
from ten to twelve miles per hour on favorable ground ” 


BUILDING CONSTRUCTION— “The Real Estate Record com- 
mented some time ago upon the immense reduction that has 
been made within the last decade, in the cost of building Of- 
fice buildings that cost $1 50 per cubic foot, and even more, 
can be produced by modern methods for 30 or 40 cents a 
cubic foot. This reduction in cost is due in no slight meas- 
ure to the employment of mechanical devices in building 
operations The employment of steam power m the me- 
chanical operation of building has, however, by no means 
reached its limit” 


HYDROELECTRIC POWER — “An ambitious plan for utilizing 
the waters of the^ Susquehanna River as a means of generat- 
ing electric power is about to be carried out It is pro- 
posed to dam the Susquehanna near Conowingo, 


Maryland, and erect a large electric power house, smular 
to the one now in operation at Niagara Falls The power 
obtained in this way will be supplied to Philadelphia, Wil- 
mington and Baltimore, and other intermediate points . It 
is understood that the Westinghouse Electric Company are 
behind the project ” 

TIME SIGNALS — “Eveiy day at noon a signal is sent to 
various parts of the country by telegraph, so that all op- 
erators and railway men who hear that signal can set their 
clocks at noon withm two or three seconds People who live 
near railway stations can thus get their time from it, and so 
exact time is diffused into every household of the land which 
IS at all near a railway station ” 

ELECTRICITY — “The influence of electricity upon the vital 
forces of plants and of animals is not well understood Its 
effect upon chemical changes and transformation is only 
partly comprehended An electrical current destroys, disin- 
tegrates and decomposes It also builds up, develops and 
perfects chemical combinations The development of elec- 
tiical science has been so rapid that an expert electrician 
would find It difficult to keep informed in regard to its new 
applications to industrial art in all lines . It has been re- 
cently discovered that caustic soda is cheaply produced by 
passing an electric current through a solution of salt” 

COPPER — “The largest copper smelting property m the 
world IS at Anaconda, Montana During the past eleven 
years the magnitude of this plant and its results have been 
steadily increasing, till now the employes are numbered by 
the thousand, and the business aggregates over a million of 
dollars a month From 1885 to 1892 inclusive the Anaconda 
Mining Company has extracted from the mines in Butte 
district over 450,000,000 pounds of copper ” 

TELEPHONY — “Despite its novelty, since the establishment 
of the first telephone lines dates back scarcely more than fif- 
teen years, there are few industries of which we have had to 
record so numerous and so radical transformations as that 
of telephonic communications ” 

FISH FARMS — “The practice of raising food fish for market 
has become of late a very profitable industry, and in some 
parts of the country is being carried out on an extensive 
scale The equipment of a fish farm, as it is called, is a very 
simple and inexpensive operation Land which would be 
valueless for ordinary farming may be used for the purpose, 
the only requirement being a plentiful supply of good run- 
ning water” 

GRADE CROSSINGS — “The blindness of city officials to the 
great and daily dangers to which citizens are exposed by the 
practice of permitting street railways to cross the tracks of 
steam railroads at grade is becoming so serious a matter that 
some kind of a surgical operation seems necessary to restore 
their sight” 

I 

BICYCLES — “In cycle construction the reduction in weight 
has reached a startlmg point Twenty-pound road wheels are 
plentiful, and the manufacturer who is carrying anything 
over 28 pounds is the exception and not the rule ” 

TELAUTOGRAPH — “The long-expected test of Gray’s telau- 
tograph over the long-distance telephone line between Pans 
and London came off on the night of December 15, and re- 
sulted in a great success . The distance over which the 
writing was electrically reproduced was 312% miles, and all 
agreed that it was a wonderful spectacle to watch in Pans 
the instantaneous reproduction of the movements of a pen 
in the hands of a man writing in London Of the 312% miles 
of line, 23 miles is submarine cable and 5% miles consists of 
buried conductors at Pans All of the English land line is 
overhead ” 

NEW RAILROAD CONSTRUCTION — “According to the records 
of the Railroad Gazette there has been much less railroad 
building in the United States during 1894 than in any year 
since the Civil War Some 1,761 miles of new track have been 
laid in the year, which makes an addition of less than one 
per cent to the railroad mileage of the country, which at 
present is 177,753 miles ” 
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Prosperity, Stocks up fifty points in a 
week. Again everybody was buying 
everything — yachts, jewelry, stocks, 
real estate, regardless of cost Depres- 
sion? Phooey ... we thought we’d found 
a way to lick depression. 



What a boom we were handed by 
World War No. 1! Money came easily 
— went easily. Everybody was splurging 
on everything — from silk underwear to 
diamond sunbursts. Prices went skymg 
Sugar eventuaUy hit 28t a pound ^ 



Or had we? Bread hnes, apple ven- 
ders. WPA. “Brother, can you spare a 
dime‘s” No jobs Pru es dropping Wages 
dropping Everything dropping — except 
the mortgage on the house “What goes 
up must come down ” 



Bye-byO/ boom. Factories closed; men 
laid off. Prices and wages sinking fast 
Wish we’d banked some of that dough 
we’d blown a few years back^ With jobs 
scarce, that money would have come in 
mighty handy, then 



WeVe splurging ogain, Americans 
have been earning more money. But 
even today there are fewer goods to 
spend it on — so naturally prices rise We 
must keep them in check. DON’T LET 
TT ALL HAPPEN AGAIN I 


4 THINGS TO DO to keep prices down 
and help avoid another depression 

1. Buy only what you really need. 

2 . Wnen you buy, pay no more than the ceding pnees Pay your 
ration points in full 

3 . Keep your own pnees down Don’t take advantage of war con- 
ditions to ask for more— for your labor, your services, or the 
goods you sell. 

» 

4 . Save. Buy and hold all the War Bonds you can alford— to help 
pay for the war and insure your future. Keep up your insurance 

t 


EVERY 
WAR BONO 
YOU BUY 
WILI. HELP 



A United Stale, W»r «n >«e«e prener U I jr the War AdverOKintf Uoun tl eppr >yrd by the Office of War lururnsation nnd caoirll>tit««l by this mecesine Iti eo opermtioa with the Meiratlne Pabliehers of Aoierlet 
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Research Opens The Door 


How Industry Has Developed the Phdosophy of 
Research^ (Jianffing the Picture from that of the 
Lone Inventor Struggling Against Tremendous 
Odds to the Broad Teamwork Programs of To- 
day, Present Applications of Industrial Research 
Point the Way Toward Solving Some of Tomor- 
row's Important Problems 


I T WOULD hardly be fitting to begin an article dealing with 
tlie histoiical aspects of American invention and research 
without repeating Patent Commissioner Ellsworth’s oft- 
quoted statement 

“The advancement of the arts from year to year 
taxes our credulity and seems to presage the arrival 
of that period when human improvement must end ” 
Ellsworth has been credited with making this observation 
m the year 1844 Inasmuch as he was Umted States Commis- 
sioner of Patents at that time, he certainly should have 
known whereof he spoke Personally, in the face of this 
statement, I would have thought twice before embarking on 
the publi^ng of a magazine to be called “Scientific Ameri- 
can” — ^that is, if I expected it to have a bright future But, 
since Scientific American has been published without inter- 


By CUAULES 1 . KETTEKllNC 

Vice President of General Motois and Directing Head of 
General Motors Research Labotatories 


ruplion foi 100 years, it is obvious that Ellswoith ovei looked 
some pertinent lac ts 

Let us take a look at Ellswoith’s Amei ica fiom oui vantage 
point of 100 ycais later and see if we aic able to uncover 
some of the facts whuh led Ellswoith to make such a sweep- 
ing statement Let us suppose, for example, that in the year 
1840 or thcieabouts we lived in Cincinnati and we wanted 
to tiavcl to the heart of American progress — New York 
Would we boaid a plane and aiiive there in a couple of 
hours or so’ No, indeed To get theie we would have to use 
canal boats, horsecars, steamboats, and the then new- 
fangled railroad And it wouldn’t be a matter of hours it 
would take anywhere fiom seven to ten days, depending on 
the limitations of each mode of travel 

When we arrived in the metropolis, would we be amazed 
at the sight that would meet our eyes’ There would be 
Broadway, for example, a street of three- or four-story 
houses — no oflice buildings or elevators in those days be- 
cause people lived and conducted their business in the same 
buildings On the street would be quite a few brightly 
colored horse-drawn buses — no taxis or subways We would 
see a man drawing water from a well and taking it into a 
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Charles Goodyear discoiers vulcanization of rubber 


house, and the street-cleaning department apparently con- 
sisted of a drove of wandermg pigs whose chief secondary 
function seemed to be getting in the way of the not-so-teem- 
mg traffic 

If we happened to look into one of the homes at night, 
we would tod the only light coming from a whale-oil lamp 
or perhaps a gas fixture The cooking in those days was all 
done in open fireplaces and on crude stoves, and all com- 
munication was by horse or shanks-mare 

As we look on these concrete evidences of “the advance- 
ments of the arts’* to which Ellsworth referred, we can’t help 
wondering just what he had in mind People had been cook- 
mg in fireplaces for thousands of years and even the Romans 
had aqueducts — they didn’t confine themselves to wells m the 
streets The mail had been carried for centuries by the horse, 
which was almost as fast as the tram or boat of Ellsworth’s 
day Where were these new things that indicated the end 
of human improvement‘s 

Commissioner Ellsworth may have had in mmd, as one 
example, Morse’s telegraph, because it was in May, 1844, 
that the artist who tinkered with coils and batteries first sent 
over the wires from Washington to Baltimore the message 
“What hath God Wrought’’’ But I am pretty sure that Ells- 
worth didn’t visualize at that time the Atlantic cable, Bell’s 
telephone, Marconi’s wireless, De Forest’s electron tube, or 
television 

SETTING THE STAGE - - That period of 100 years ago is one 
of the most interesting ones in the history of American 
mvention Things were beginmng to happen all over the 
country that were destined to open the way for the tremen- 
dous American progress that was to follow Up in Boston, 
Elias Howe had been working on a machine to sew seams 
mechamcally to make clothes, in 1845 he entered his machme 
in a contest against five girls sewing by hand Howe and his 
new sewing machine won because, as the judges said, his 
machine work was “neater and stronger” 

A few years before, down in Connecticut, a bankrupt in- 
ventor by the name of Goodyear had smeared a piece of 
rubber with sulfur and left it lying overmght near a hot 
stove It the morning he found the rubber had taken on en- 
tirely new properties, he had at last found the secret of 
vulcanizmg rubber after a six-year heartbreaking search 

In 1847 a young man named Cyrus McCormick moved from 
Virgima to Chicago to set up a busmess there Sixteen years 
before he had successfully demonstrated at the village of 


Steele’s Tavern, Virgmia, a machine that would mecham- 
cally reap gram faster than could be done by hand and with 
only a fraction of the labor But it wasn’t until 1840 — ^nlne 
years after he had invented the reaper— that he was able 
to sell one By 1844 the McCormick homestead was a small 
industrial center, but McCormick moved his business to Chi- 
cago because he felt that the agricultural empire of the fu- 
ture would be on the plams 

Down in Kentucky, an ironmaster named William Kelly 
made a peculiar dfscovery when melting some iron to be 
used in casting maple-syrup kettles He found that if a blast 
of air was blown through the molten iron, the carbon in the 
iron would bum itself out — in other words, the cold air 
would apparently heat up the metal His young wife thought 
he was crazy and called in a doctor because every one 
knew you could cool coffee by blowing on it But Kelly 
went on refining iron by this process and over in England, 
Henry Bessemer, who was working on the same process, in- 
vented the Bessemer converter The age of cheap steel was 
bom 

Looking back at that period, we now appreciate the fact 
that, simultaneously with the birth of Scientific American, 
men all over this country of ours were setting the stage for 
industrial America Morse was laying the foundation for 
communication — ^McCormick was establishmg the basis for 
our agricultural empire — Elias Howe was solving the cloth- 
ing problem — Kelly had found a way to make cheap steel 
which, together with Goodyear’s rubber and Col Drake’s 
oil, still to come, made possible the automobile industry that 
started some 50 years later 

WHY MEN INVENT — It is interesting to note that these 
men were all individualists just as were Sholes, Mergen- 
thaler, Bell, the Wright brothers, Hyatt, and many other 
of the early inventors These men, I believe, invented for one 
of several reasons the problem became a religion to them, 
like Goodyear’s search for rubber, in the case of Howe and 
the sewing machine, there was a belief that the inventor 
would make a fortune, or, in many cases, the inventors had 
a great desire to do a certain thing, like the Wrights who 
“just wanted to fly” 

All these inventors had their troubles — financial, inexpe- 
rience, lack of facilities, and, in nearly all cases, an outstand- 
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Otto Mergenthaler demonstrating the operation of the 
**blower machine^” the first sucoesafnl linotype^ for 
Whitelaw Reid in the plant of the New York Trihiine 
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Above* A working model of the dewing machine de- 
veloped by Elias Howe and patented in 1846. Right* 
Howe, reproduced from an excellent daguerreotype 


mg lack of sympathy and undei standing on the part of their 
contemporanes We must remember also that, in spite of 
Ellsworth’s conviction that “the arts” were highly advanced, 
some of the basic facts of physics, chemistry, metallurgy, and 
thermodynamics were just being uncovered — they were al- 
most starting from scratch 

But such men as these set into motion forces of great 
magnitude and complexity The nation mushroomed Trans- 
portation and commumcation became global Great indus- 
tries covered the country Education became almost uni- 
versal and science made important advances The problems 
of the individual Inventors were becoming more and more 
complex, were calling for new methods of attack The en- 
tire pattern of American life was beginning to change Along 
with improved transportation and commumcation came in- 
creased industiial output — and competition And along 
with these changes we see a gradual change taking place 
in the method of inventing — the lone inventors, suffering 
hardships and making sacrifices, gradually became fewer 
in number 

It IS difficult to state definitely just when this change 
started to take place Some people say that Edison was the 
link between the old school and the new school of invention 
and research Be that as it may, I believe Edison did make 
one discovery which was not assigned to him by the Patent 
Office In carrying on his many investigations involving the 
electric light, the phonograph, and the motion picture, he 
found that whenever he uncovered a fact in any one of these 
new fields it was just as though he was opening the front 
door to a whole house of facts Facing him were scores of 
other doors crying for opening and investigation beyond 

All of these unopened doors which he faced in these many 
fields forcibly impressed upon him the limitations of indi- 
vidual investigation One man could not hope to explore 
all these channels in a lifetime So he hit upon a logical 
solution he would hire assistants skilled in each Ime of 
endeavor to open these doors for him and to explore beyond 
The result was, as a friend of mine describes it “the *draft- 
mg* room of 50 years ago grew into the engineering depart- 
ment which m turn gave birth to the research laboratory ” 
Industrial research as we know it today was bom of this 
revolution 

Along with the necessary developments of modern indus- 
try have come a multitude of problems that would completely 
baffle an inventor of the old school To appreciate this fully, 
let us take as an example a single improvement that was 
made in the suspension system of the automobile some years 
ago— independent wheel suspension, better known to some, 
perhaps, as knee action This, as we know, involved replacing 
the front axle and leaf springs, heritages of the. old-time 
buggy, with coil springs held between mdividually pivoted 
arms or “wish-bones ” This arrangement not only allowed 
each front wheel to move independently of the other but, 


more important, made possible the use of softer sprmgs in 
front, thereby eliminating the uncomfortable “pitching” of 
the car when travelling over a rough road 

INVENTOR AT WORK — Now, it is quite conceivable that an 
idea such as this might originate with an individual (actually, 
the general idea is nearly 50 years old), but let’s see what 
our lone inventor would have to do m order to have it 
materialize from the idea stage to the point where it be- 
comes a feature of a standard car on the salesroom floor 
First he would have to do the paper work, as we call it 
In other words, he would have to be a mathematician of 
a high order because the accurate calculation of spring rates, 
centers of oscillation, and so on, call for the generous use of 
mathematics Then comes the matter of steering geometry, 
which means an accurate lay-out on the drafting board But 
our inventor is a versatile man he has worked this out and 
is now ready to build a model 
Since this model must be accurate in every detail, he 
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had better be an A-1 tool and die maker with a well 
equipped machine shop handy, or be prepared to spend 
several thousand dollars to have it made Let us assume 
he has crossed this bridge and that the model is ready for 
test As is usually the case, it doesn’t work, so he has to go 
through the whole thing again Change this, change that 
More time, more money After doing this any number of 
times, the model finally acts as he planned it should 

But wait a minute, hasn’t he forgotten something*^ Maybe 
someone else has had the same idea and it is covered by a 
patent* So he has a patent search made, which consumes 
more time and dollars and, if he is lucky, he finds the field 
is clear So he has drawings made, and a lawyer draws up 
a patent application for him 

Now he has a model and has taken steps to protect the 
idea legally It has taken time, perhaps a year or more has 
passed But he is ready to make a working sample So he 
selects a car which he feels would be suitable and proceeds 
to have the conversion parts made His machine shop is 
inadequate for this larger work with its required forgings, 
castings, and so on So he has to make new drawings, new 
calculations, and start at the beginning again And that 
takes more time, more money 

Months roll by and he is ready for a road trial But the 
working sample doesn’t function like the model — a spring 
breaks, the wheels shimmy, or a hundred other things may 
happen and each one has to be ferreted out and corrected 
To do this he has to be a metallurgist, a mechanical engi- 
neer, a mathematician, an optimist, and a very Well-to-do 
man 

But we can readily assume that our mythical lone inventor 
IS all of these, so the gpreat day finally arrives when he is 
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to demonstrate his invention to the automobile company 
which he has m mind as the purchasei of his brain child 
He proudly demonstrates the superior riding qualities of the 
“knee-action” car ovei a very rough road and awaits the 
reaction of the company’s engineers The engineers suggest 
that they return to the office at the plant, then they proceed 
to ask some very embairassing questions such as “How 
many thousand miles have you put on the suspension*^”, 
“How does It work in hub-deep mud or water‘d”, “What is 
the effect of slush freezing on it in the winter*^”, “What is 
your estimate of the additional cost of the new construc- 
tion over the standard construction in cai quantities of two 
million or so^”, “What is your financial pioposition*^” 

Our friend is bewildered He can only guess at the 
answers The expeiienccd engincH'is know that his esti- 
mates are far wide of the mark But they agree that they 
should test the car on their proving ground in an attempt to 
try to find some of the answci s The results they eventually 
get are usually most discouraging to the inventor If they find, 
though, that the idea has some merit, they make an arrange- 
ment with him and the whole repetitive cycle of design and 
test, production design and test, night and day, summer and 
winter, has to be gone thiough This work involves scores 
of men — researchers, metallui gists, design engineers, chassis 
engineers, production men test engineers, and lastly the 
sales force 

There are many places foi the inventor to become hope- 
lessly lost in this process He must have the faith of Good- 
year, the creative ability of the Wiights, the patience of 
Edison, the business ability of Robert Fulton, the production 
knowledge of Ford or Knudsen — and, in addition, sufficient 
thousands of dollais to see the thing through 

METHODS HAVE CHANGED — Please don’t misunderstand me 
when I paint this rather dark picture of the lone inventor’s 
chances of succeeding in this modem world of ours Don’t 
get the impression that the chances of doing a new thing 
are impossible today On the contrary, the chances are 
better than they ever were because we have a broader base 
upon which we can build All I am trying to do is to point 
out that our methods of attack on the unsolved problems 
are quite different from those of a hundred years ago 

Perhaps 1 can better illustrate this fact by an actual ex- 
ample Over 50 years ago Rudolph Diesel saw a Malayan 
fire syringe in a museum and hit upon the idea of using the 
same principle of compression-ignition as the basis of a new 
type of intc-nal-comousion engine After many unsuccess- 
ful attempts to apply the principle he at last produced a 
workui^ engine From the standpoint of thermodynamics 
it was a very efficient engine — m fact, the efficiency of the 
so-called Diesel cycle surpassed that of the Otto cycle com- 
monly employed in the ordinary gasoMne engine 


Unlike gasoline engines, however, Diesel engines were 
afflicted with several handicaps — they were large, heavy, and 
ran at slow speeds In these respects they resembled steam 
engines more than gasoline engines As a consequence, they 
were used principally in stationary power-plant installations 
and on ships As time went on, the weight of the Diesels 
gradually came down as some of the structural features 
and materials used m the rapidly improving gasoline engines 
were incorporated in compression-ignition engine designs 
But they still couldn’t approach the gasoline engine on a 
power-weight ratio basis 

This was the situation in the 1920’s when oui research 
laboratories decided to take a fresh look at the compression- 
ignition engine The first thing wc had to do, of course, was 
to divorce it from the steam-engine and gasoline-engine 
schools of thought We decided to attempt to design and 
build a compi ession- Ignition engine like it wanted to be 
built and not like any othei type of engine 

PRODUCTION DIFFICULTIES — To begin with, we started on 
the fuel-injcction system, and after several years experi- 
mentation we arrived at the high-speed unit injector Then 
we ran into tlie production fellows The heart of the in- 
jector was the plunger which, in order to function properly 
had to be fitted to the pump cylinder to an accuracy of a 
quarter of a tenth of a thousandth of an inch — less than one 
hundredth the diametei of a human hair This is a far cry 
fiom the accuiacy James Watt boasted of when he fitted 
a piston to a cylinder of a steam engine with a clearance 
of the thickness of a shilling The production engineers 
threw up their hands, so we started our own precision in- 
jectoi department and solved that one 

In order to take full advantage of the compression-ingi- 
tion cycle, we designed the new engine to operate on the 
two-cycle rather than the four-cycle principle In othci 
words, we would get a power stroke every revolution of the 
crankshaft instead of every other revolution Theoretically 
this would give us twice the powci from an engine of the 
same size But this necessitated a blower to force m the 
flesh air But this necessitated a new type of blower having 
spiral vanes Again the production engineers were hes- 
itant So we had to develop at the same time a new 
machining operation I bring out these points just to show 
how many angles there are to doing any new thing 
After these years of work we thought we had our prob- 
lems just about licked but in reality we were just staiting 
This time it was the pistons which had a bad habit of seiz- 
ing under tlie heat and high loads So we began on the 
period of piston research and months and months passed 
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before we finally hit on one that would lun satisfactorily 
However, after about 10 years of experimentation on the 
part of scores of engineers, designers, metallurgists, chem- 
ists, and production men — all working with every facility 
available, from electro-limit gages to dynamometers, milling 
machines, stroboscopes, and thermocouples — we had an en- 
gine to exhibit at the 1933 Century of Progress in Chicago 
We ran it during the day and repaired it at night, but out 
of it all came a new, light, high-speed engine which the 
next year was installed in the first of the modern, high- 
speed, Diesel -powered streamlined trains 

MODERN RESEARCH GROUPS— The foregoing, I believe, gives 
a rough idea of how modern group research works The 
man with the ideas, the man with the patience and peisist- 
ence, the man with manual skill, the craftsman, and the 
man with ingenuity each has his place in this picture 
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Bell inauKuruting llio ^ork-Chiiago telephone 

line in 1892 Right A \ieH of lower Broadway, New 
York III 1889, showing the vast ma/e of overhead 
wires iiist before ihev were placed iindergrouiHi 


Working as a gioup, they can do things that it would be 
practically impossible foi them to accomplish individually 
Fiom this little pictuie of a lesearch project which I have 
given, you might draw the conclusion that the time, money, 
and effoit expended is rathei large just to get an engine foi 
a streamlined tram But let’s see what happened to that 
engine in the ten years after 1934 From the sleek, stream- 
lined trains, it went into switching engines and then into 
fi eight service A smaller version is being used in powei 
generating units, it is being used also in both city and 
inter-city buses and trucks On the water the use of the 
compiession-ignition engine has spread in tugs and othei 
boats When Woild War II came along it powered sub- 
marines, and nearly all oui landing ciaft, as well as many 
of our tanks and othei heavy-duty land vehicles 
That is one thing that is certain once a new idea is drawn 
out of oblivion, no one can predict just what will become 
of it or who will apply it to new uses Take, for example, 
the case of F-12, or Freon To get the background for this, 
it IS necessary to take a look at the mechanical refrigerator 
at the end of World War I It was in the kindergarten 
stage of development but we did recognize one fact about it 
The gas refrigerant of those days had some very unpleasant 
properties it was toxic and caused irritation and when 
the system sprang a leak in the home or in a hospital, the 
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1 exulting efictls could bo quite harmful to human beings 
So our Organic Chemistry Department was assigned the 
job of doing something about this unhealthy situation In 
other woids, they had to find a new gas that would be 
non-flammable and non-toxic After studying all avail- 
able scientific tables and data it was found that only a few 
things would meet the specifications which had been set 
up, and that each one of these had some objections 
The most promising group of chemicals contained fluorine 
which, as every high-school chemist knows, has a bad re- 
putation Despite this, all the compounds were investigated 
in the hope that some fluorine compound could be found in 
which the bad qualities would neutralize each other Thomas 
Midglev described this in^^estigation in these words “We 
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strongly sdentific or puie theoretical 
aspects have been pushed into the 
background Practical research, never- 
theless, IS certain to unearth many data 
that eventually will be utilized by the 
pure scientists when they return to 
their academic pursuits 
Similarly, the products of this war- 
time research have direct peace-time 
implications The high-temperature 
materials mentioned previously will 
make possible a new gas turbine in- 
dustry which will eventually supply 
units for transportation and other 
equipment in what is now the estab- 
lished domain of Diesel and gasoline 
engines The work on aluminum from 
low-grade domestic ores means that the 
development of light-metal applications 
may be continued without fear of an 
eventual loss of raw material supply 
The precision casting methods evolved 
for the manufacture of supercharger 
blades, buckets, and so on, will be ap- 
plied in the post-wai period to the 
manufacture of countless intricate parts 
to close tolerances on a mass-produc- 
tion basis 

MATERIALS — In the field of mateiials, 
lecent research in metals has evolved 
new aluminum alloys, much stronger 
than anything available before the war 
and combining qualities of strength 
and corrosion-resistance certain to find 
broad peace-time use m aircraft, rail- 
way cars, busses, automobiles, and even 
machinery of certain types Systematic 
studies of beryllium-copper have re- 
sulted in methods of treating and 
working this material that make it 
best for many kinds of fine precision 



Creep tests being conducted in the 
reseorch Joborotories of the United 
States Steel Corporation. Such tests 
os these are part of the develop- 
ment program that has given rise to 
new heat-resistant olloys lor gos 
turbine and superchorger components 


spiingb Heseaich on the effect of low 
temperatures on metals has not only 
given better materials to withstand the 
embrittling effects of sub-zero tempera- 
tures on aircraft parts but also pro- 
vided information on how to improve 
tool steels by refrigerating them during 
their heat-treating cycles — the last a 
development that should save American 
industry thousands of dollars m its 
machining operations in any post-war 
year 

METHODS — Nor has lesearch on metal- 
working methods lagged Industry-wide 
coordinated research attacked the prob- 
lem of producing steel cartridge cases 
that would perform satisfactorily in 
place of brass The real sticker was the 
drastic forming operation Research 
finally licked it through suitable modi- 
fication in the conventional deep-draw - 
mg steel, and painfully developed heat- 
treating and forming methods The 
result was enough steel cases to relieve 
the pressure on brass during the most 
critical shortage period of the war And 
the practice that war-time research has 
evolved will permit the post-war manu- 
facture, once considered impossible, of 
drawn parts in steels as strong as those 
that can now be used 

Similarly, the heat treatment of steel 
has been the subject of a vast amount 
of research replete with peace-time 
potentialities The most important of 
these researches, reviewed m the De- 
cember, 1944, issue of Scientific Ameri- 
can, include the development of dras- 
tic quenches to bring out the full 
hardness of steel with a minimum of 
alloy — a combination that reconversion 
engineers are already planning to util- 
ize foi technically controlled mass-pro- 
duction of low-cost machine and engine 
paits, general hardware, and so on, iso- 
theimal treatments to permit the crack - 
less and distortion-free hardening of 
irregular-shaped parts, electronic in- 
duction heating to provide ultra-thin 
hardened cases without carburizing, and 
many others 

Modern research in metals has in- 
creasingly centered aiound certain 
causes of failure or service problems 
whose solution will vastly enhance the 
performance of metals in many situa- 
tions Those conditions that have re- 
ceived most attention are creep of 
metals or gradual flow under sustained 
stress, the fatigue of metals or their 
failure in vibration at relatively light 
loads, corrosion of materials in marine, 
mdustrial, or just ordinary environ- 
ments, and the wearing away and gall- 
ing of bearing surfaces 

These researches have been in some 
cases spectacularly successful Here, 
for example, is the telescoped story of 
the fatigue-of-metals problem and its 
practical solution based directly on re- 
search The preoccupation of a small 
group of men with Uie conditions that 
hasten the failure of auto and railroad 
axles, compressor shafts, bearings, re- 
ciprocating machine parts, bridge 
cables, and so forth, gave, first, de- 
pendable methods of testing the en- 
durance of metals These m turn helped 
a larger group of engineers to under- 
stand the importance of improved en- 
durance, of avoiding surface discon- 



A pilot plant at Jones and Laugh- 
Un Steel Corporation includes a 
375-pound electric melting furnace 
used to prepare test heats of steel 


tinuities and roughnesses, sharp con- 
centrations of stiess m service, and the 
like, of designing for dynamic balance 
and of prestressing oi otlierwisc placing 
the outer metal layers of a metal part 
m a state of compression 
Finally, practical methods such as 
the prevention of decarburization of 
steel (which hastens fatigue failures), 
the superfinishing of parts to “rough- 
nesses” measured in micro-inches, the 
use of balancing machines and tech- 
niques to locate and correct fatiguing 
unbalance m rotating parts and — most 
recently — the application pf shot-peen- 
ing blast treatments to cold-work metal 
surfaces, were developed and are now 
widely used to combat fatigue fail- 
uies or to increase the loads that a 
product can withstand indefinitely 
under vibration, without failuie 


THREE SIMILAR STORIES— The stones of 
creep, corrosion, and wear lesearch aie 
similar Creep studies produced the 
high-tempeiaturc alloys previously 
mentioned Corrosion work has tre- 
mendously increased the utility of 
many alloys by showing what cor- 
rosives and what “galvanic couple” 
combinations should be avoided, and 
has stimulated the development of 
more corrosion-resistant alloys and of 
durable protective coatings 
Bad boy Wear and his father, Fric- 
tion, are currently undergoing some of 
the most intense investigation Bearing- 
wear problems were usually attacked 
empiiically — by trying various bearing- 
shaft combinations, bearing alloys 
lubricants, operating conditions, and 
so on — until the best set-up was 
evolved Now the scientific brains of 
the automotive, railroad, oil, and bear- 
ing alloy manufacturers are probing 
the abstruse realms of intermoleculai 
forces and behavior for the secrets of 
metal-to-metal wear 
The outcome is certain to be longer- 
lived bearings for hundreds of uses and 
therefore more efficient machines and 
engines, plus a host of by-products 
Already recognized as a related devel- 
opment IS the new technique of high- 
speed milling of steel, the direct result 
of coordinated research on the mecha- 
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rtisiii of wear in metal-cutting opera- 
tions A well-known manufacturer of 
friction parts (brake disks, clutch faces, 
and the like) made by powder metal- 
lurgy has decided that a scientific in- 
vestigation of the nature of friction 
between metals would not only help his 
own product development but might 
illuminate the whole field of powder 
metallurgy, which is itself engrossed m 
the consideration of particle -to -particle 
bonds from other points of view 

TOOLS OF RESEARCH — Many research 
tools of relatively recent development 
have been essential factors in the ac- 
celerating pace of metals research The 
electron microscope, capable of magni- 
fying metal structures 100,000 times, 
will hasten the development of new, 
highly hardenablc steels and alloys, 
and will solve many research problems 
in powder metallurgy X-ray and elec- 
tron diffraction help us to understand 
the atomic structures of metals both 
far below and exactly on metal surfaces 
Electronic micrometers permit the 
measurement of tiny movements in 
delicate specimens without imposing 
an extraneous load from the instru- 
ment — a valuable contribution to spring 
research and to studies on the cold 
flow of metals within the “elastic” 
range 

Hardness testers that measure the 
hardness of microscopic areas of metal 
surfaces, ultra-high-speed photography 
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foi studying metal -to -metal impact be- 
havior, and photomicrography in color 
are but a few of the new weapons of 
the metallurgical scientists in their 
campaign for better materials and 
methods 

Metals research men look foi no end 
of problems for them to tackle m the 
months and years ahead The coming 
competition among materials will be 
preceded and fanned by intensive al- 
loy development and announcements 
of new products of alloy research 
Among the still unsolved problems or 
those now undergoing study are the 
discovery of brazing alloys that melt 
somewhere between the 700 degrees, 
Fahrenheit, of the highest-melting soft 


solder and the 1100 degrees, Fahrenheit, 
of the low-melting silver brazing al- 
loys, the development of corrosion-re- 
sistant or stamless steels that machine 
as easily as screw-stock; the establish- 
ment of important uses for magnesium 
powder aside from pyrotechmes, the 
economical production of iron or steel 
parts by powder metallurgy that have 
mechamcal properties comparable to 
those of the strongest cast, forged, or 
rolled steels, and that old perennial, 
the low-cost manufacture of aluminum 
from clay 

Writing recently in Metals and Al- 
loys, Dr Jeffries declared that “the 
most important metallurgical engineer- 
ing development of the war is the 
opening up by industry of its great 
bank of metallurgical know-how to 
competitors and non-competitors alike 
with little regard for post-war conse- 
quences ” Actually those post-war 
consequences are certain to be better 
materials and methods for all of indus- 
try and better peace-time pioducts foi 
the ultimate consumei 
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NAGHESIUM POROSITT 
Bdng Corrected by Vfe 
Oi Organic Impregnanlt 

P OROSiTY exists in magnesium alloy 
castings, as in other metals, to varying 
degrees, depending on alloy composi- 
tion, casting conditions, and gas con- 
tent An unavoidable feature of mag- 
nesium aircraft castings, porosity is 
being widely corrected m that field on 
a production scale by impregnating the 
castings with specially developed or- 
ganic compounds in an autoclave after 
extracting air from the pores by a 
vacuum treatment 

Originally sodium silicate was used 
and then tung (or China-wood) oil, 
until the supply of the latter available 
for this use disappeared The com- 
pounds that are nicely filling the gap, 
with results promising their continued 
use when tung oil returns from the 
wars, are alkyd resin fatty acids, modi- 
held by and reacting with monostyrene 

From a cost standpoint the old and 
the new materials would be approxi- 
mately on the same level Castings im- 
pregnated with the new compounds 
have successfully withstood pressure 
tests of 1000 pounds per square mch 
and treated aircraft-engine cylinder 
heads have passed service tests of more 
than SIX months’ duration, according 
to the records 

SHOT PEEIDIG 
Impreves Necbaaical 
ProptriUi of N«lals 

Among metal-workmg’s fastest-mov- 
ing trends is the growth m use of the 
shot-peening process, whereby the sur- 
faces of steel parts are bombarded with 
metallic shot to improve the mechani- 
cal properties of the parts, especially 
in vibration service 

Peening is a cold-working operation 


that produces a shallow layer ot surtace 
metal which is harder, stronger, and less 
ductile than the underlying metal The 
chief advantage of shot peening is that, 
through the formation of this surface 
layer of metal in a state of compressive 
stress. It increases the “fatigue strength” 
or “endurance limit” (resistance to 
cracking or breaking in repeated-stress 
or vibrational service) of the part and 
either lengthens its life or permits the 
use of heavier fatigue-loads than can be 
used with unpeened parts 
To a certain extent shot peening can 
replace heat treating or surface hard- 
ening if distortion must be avoided It 
IS being applied to finished parts, such 
as springs, to specific areas, as fillets 
on structural or machine parts, and to 
the bodies of shafts to resist pitting- 
corrosion or “corrosion -fatigue ” Shot- 
peened gear teeth have improved re- 
sistance to pit-corrosion and to wear 
It has also replaced pohshmg, for shot 
blasting has long been used for clean- 
ing parts Furthermore, the blast inten- 
sities used for peening have a distinct 
polishing effect 

The machines used are similar to 
those conventionally employed for 
blast-cleaning by the shot method, the 
shot being thrown against the work by 
compiessed air blast or, without air, 
by centrifugal means They usually em- 
body automatic and conveyorizing fea- 
tures for incorporation in mass-pro- 
diK tion systems 

STRONG ALLOY 
Made With Alnminam, 

Nagnaiinm, Zinc, and Copper 

Recent months have seen the introduc- 
tion to industry of two new strong 
aluminum alloys — 75S of Aluminum 
Company of Amei ica and R301 of Rey- 
nolds Metals Company Now a third 
has appeared, also of outstanding in- 
terest to post-war designers and ma- 
teiials engineers 

After nearly two years of laboratory 
tests and development of fabricating 
processes, “the strongest aluminum al- 
loy yet available for commercial use” 
was recently announced by Mr Paul 
P Zeigler, Reynolds Metals Company 
chief metallurgist 

This aluminum alloy, known as R303, 
IS made with magnesium, zinc, and cop- 
per It is described as the first combi- 
nation of this type to possess such 
strength and at the same time to be 
free of defects — susceptibility to corro- 
sion and stress cracking — which for 
years have made similar alloys im- 
practical for use m the construction 
of aircraft 

The new alloy has almost three times 
the compressive strength of structural 
steel Tests have shown this alloy to be 
over 50 percent higher than structural 
steel m tensile yield strength and 70 
percent stronger than the other older 
t 3 q)e high-strength aluminum alloys 

When peace comes, the new alloy will 
be available for railroad equipment, 
automotive parts, and heavy machinery, 
as well as for baby carnages, furmture, 
and appliances and other light house- 
hold articles 
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Electrical opporotui lor moaturing ttresseg ond riding conditions in the steam- 
locomotiTe counter balance tests of the Association of American Railroads 


an air-brake test rack, and a draft-gear 
test laboratory 

The Engineering Experiment Station 
of the University of Illinois is also 
equipped with a locomotive test plant 
which has been used in a number of 
Investigations Illinois is better known, 
however, for its train-resistance and 
tonnage-rating tests which were run 
in 1906 with a dynamometer car on 
trains in actual service In addition, this 
Institution IS also well known for its 
work on stresses in railway track 

OTHER SOURCES — Many other impor- 
tant changes and improvements in rail- 
way facilities have had their origin in 
the research of industries not exclusive- 
ly devoted to the railway market The 
list is a long one It includes the steel, 
nonferrous metal, chemical, rubber, 
and wood industries, the manufacturers 
of electrical equipment and internal- 
combustion engines, of roller bearings 
and air-conditioning equipment 

Low-alloy high-strength steel and 
the strong alloys of aluminum have 
made possible marked reductions in the 
weight of railway cars, both freight and 
passenger Rubber has been adapted 
to the insulation of passenger-car 
bodies against high-frequency vibra- 
tions reaching into the sound range It 
is also being used as the cushiomng 
medium m passenger-car draft gears 
Roller bearings are now widely em- 
ployed m passenger cars and locomo- 
tives The internal-combustion engine 
has become a familiar feature of rail- 
way motive power The gas engine in 
the rail car was followed by the Diesel 
engine in the articulated motor tram 
Today, the Dlesel-electnc locomotive 
is establishing itself in all classes of ser- 
vice 

NOW AND IN THE FUTURE— During re- 
cent years the range of research 
projects conducted by the railways 
themselves has mcreased materially A 


long series of laboratory studies has 
been conducted on locomotive crank 
pins to find means of improving their 
fatigue resistance against failure in 
the wheel fit These tests are being 
made for the Mechanical Division, As- 
sociation of American Railroads, at the 
research laboratory of the Timken 
Roller Bearing Company, using fatigue 
testing machines that were developed 
for a similar study, completed six years 
ago, of fatigue properties of full-size 
passengcr-car axles 

Considerations of safety have led to 
the development of strict limitations on 
the extent to which fractures in cast- 
steel freight-car truck side frames and 
bolsters may be welded As a means 
of reducing the need for new castings 
a thorough study was undertaken of 
the feasibility of extending these limi- 
tations by dynamic fatigue testing of 
full-size welded castings This work 
has led to the removal of restrictions 
imposed on the weldmg of these cast- 
ings and specific regulations for the 
conduct of the work developed 

One of the problems presented by the 
steam locomotive of the reciprocatmg 
type IS the counterbalancing of recipro- 
cating parts In March, 1944, a report 
was issued on an elaborate study of 
this problem which has been conducted 
on the Chicago and North Western 
jointly by the Mechanical and Engi- 
neering Divisions of the Association of 
American Railroads It will undoubted- 
ly influence the designing of future 
locomotives and the improvement of 
existmg ones so as to provide smoother 
riding for the locomotive and reduction 
of track stresses caused by high-speed 
operation 

In the track field many studies of 
problems such as butt welding of rail 
and the design of rail fastenings to im- 
prove strength and durability are being 
conducted, either under the direction 
of the Engmeermg Division of the As- 
sociation or by individual railroads on 


test installations in main-lme track 

Consideration is being given to the 
redesign of rail sections based on pres- 
ent data relative to failures in the web 
sections of rail Another proposal for 
the improvement of roadbed now being 
studied extensively is the pressure 
grouting of roadbed with cement to 
overcome the effect of water which, 
under certain conditions, accumulates 
m the sub-grade immediately under the 
track 

The current problem giving rise to 
the greatest popular interest is the 
application of wireless for head-end-to- 
rear-end communication on trains and 
for train-to-roadside communication 
This is at present under development 
While the proposals come from the elec- 
tronics field, their adaptation to rail- 
way conditions without interfering 
v/iih other fields of radio communica- 
tion is in Itself the subject of prolonged 
and intensive industrial research 

Intensified interest in the employ- 
ment of research by the railroads is in- 
dicated by the appointment, last March, 
of Clyde Williams, director of the Bat- 
telle Memorial Institute, as techmeal 
consultant to advise the Association of 
American Railroads on research mat- 
ters relating to technological methods 
and processes 


^ m m 

THACKSIDE SER?1C»G 
With Fail aai Walsr 
laeraases Lecometiva Bnas 

One of the war-time problems of the 
railroads is to get the maximum possi- 
ble monthly mileage from each of the 
limited number of locomotives avail- 
able A measure which has helped to 
keep locomotives moving is the estab- 
lishment of facilities for supplying them 
with fuel, water, and sand, and dump- 
ing ashpans for coal -burning engines, 
so that they can be serviced on main- 
line tracks at intermediate terminals 
without removing them from trains 
In a paper for the 1944 year book of 
the Railway Fuel and Traveling Engi- 
neers^ Association, E G Sanders, fuel 
conservation engineer, Atchison, To- 
peka & Santa Fe Railway, cites installa- 
tions which will deliver 42 tons of coal 
to the locomotive tender in 75 seconds 
The coal is delivered through a spout 
which swmgs parallel with the track so 
that the entire coal bunker of the ten- 
der can be filled without moving the 
locomotive To provide similar fast 
service to oil-bummg locomotives re- 
quires oil cranes capable of delivering 
1000 to 1200 gallons of oil per minute 
Water cranes are now in service that 
can deliver 7000 gallons per minute 
Mr Sanders cites the installation of 
high-speed servicmg facilities at two 
mtermediate terminals on a 637 -mile 
run which made it unnecessary to re- 
lay locomotives on freight trains at 
these points An assignment of 25 loco- 
motives, making 8000 to 9000 miles per 
month, was thus capable of doing work 
which would have otherwise required 
29 locomotives 
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ELECTBONICS Conducted by KEITH HENNEY 


Electronic Aids To Research 


Part and Applitd Btstarch Alika Find a Nnltitnde oi Beat iar iha Elactranie 
Take. From tha Laboratory to iha Workbonch, Elacironics la NakiBg Paaiibla 
Raw Acenraey in NaaanramanI and Coolrol. A Snrray ol Iha Fiald Indicalai 
Virtnally Vnlimllad PossibiUlias (or Applications ol Eloctronie Tools 

By JOHN MARKUS 

ABsoelato Editor Electronic* 


T he electron^ fundamental building 
block of the universe, is today be- 
ing put to work by countless scientists 
and engmeers as a research tool to 
build a better world for the future 
Extensive studies regarding circuit 
Interruption, electrical precipitation, 
arc welding, and many other fields have 
removed the limitations to growth of 
power and industrial activities These 
studies have made it possible to meet 
the ever increasing requirements m 
the normal growth of the electrical 
mdustiy and have been especially valu- 
able in the enormous expansions neces- 
sary under the present war emergency 
It would take pages to list and de- 
scribe even briefly every one of the 
multitudinous applications of electronics 
in research, development, and quality 
control laboratories In almost any lab- 
oratory project are found electromc 
devices for instrumentation or for per- 
forming other functions which cannot 
be accomplished in any other way 
Vacuum tubes and special circuits are 
the tools of the research scientist 
Electronics has brought to the every- 
day measurement of all kmds of physi- 
cal, electrical, and chemical quantities 
a precision and facility that, 50 years 


ago, were thought possible only in the 
national physical laboratories or, with 
the expenditure of much money and 
labor, in some special project Today a 
factory worker will measure the di- 
ameter of a piston or check the fre- 
quency of a quartz crystal oscillator 
with a precision of a few parts in a 
million as readily as the butcher 
weighs a pound of beef liver Facility 
and accuracy are both provided by 
electronic tubes 

DIMENSIONAL MEASUREMENTS— Lengths 
and thicknesses are measured today 
with pointer-indicating gages whose 
scales can be read several feet away to 
fractions of a ten-thousandth of an 
inch This precision may be achieved 
with an electromagnetic structure of 
which the inductance changes with the 
position of the measurmg spindle, or 
the spindle may move condenser plates 
In either case, electromc tubes amplify 
the resulting change and deliver the 
result to an indicating instrument The 
electron microscope has made possible 
the measurements of lengths too short 
for perception by light waves At the 
other extreme of length are the de- 
termmation of longitudinal distances 


on the earth’s surface (primarily a 
time determination), reaching new ex- 
actness by use of ra^o, and the estima- 
tion of stellar distances extended to new 
fields because of the electromc tube 
The measurement of mass has, per- 
haps, not drawn out the great variety 
of electromc devices that have been 
created for length and time measure- 
ments The mass spectrometer, however, 
gives trajectories to electrons in- 
dicative of their masses and is a power- 
ful tool for the separation of Isotopes 
The electronic tube has probably 
made its greatest contribution in the 
field of time measurements The vari- 
able-frequency timed circuit, sustained 
by the electromc tube, is a powerful 
measurmg tool Controlled by the 
piezo-electnc voltage of a quartz bar, 
such circuits have yielded time values 
accurate day after day to better than 
one part in a million, a precision that 
the finest astronomical clocks could 
maintam for only relatively short 
periods The cathode-ray oscilloscope 
records phenomena which may occur 
in a few millionths of a second Such 
an oscilloscope can hunt out the fre- 
quency of an unknown voltage and 
exhibit the contours of its wave shape 

TEMPERATURE — ^The measurement of 
temperature, and especially the control 
of temperature, finds new facility and 
precision because of the electromc 
tube The familiar basic devices — ex- 
panding metals and liquids, thermo- 
couples, resistance thermometers — now 
work through electromc amplifiers so 
that indicators and recorders can have 
laiger or more sensitive scales, or so 



Electronic oqulpmont that initontly produces on the 
face o! the cathode ray tube the curve that thowe the 
Important characteristici oi a magnetic sample. This 
rapid method wos developed by Zenith Rodio Corporation 



These General Electric recording Bpectrophotometers 
provide occurote identificotion or motching ol colors 
for indufttriol uses or military comouRage. Such work 
prevents detection of comoufloge by infra red comeroa 
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that the temperature of a space, of a 
suiface, or a kettle of liquid may be 
maintained with smaller dufting The 
measurement of moisture and humidity 
in looms chambers, foods, lumber, soil, 
and so on, is a related field for which 
ingenious devices and arrangements 
utilizing electronic tubes are available 

SPEED — An oscillating tube circuit of 
which the frequency can be varied at 
will may excite a flashing light (strob- 
oscope) which illuminates a rotating 
machine The frequency of the light 
which “stops” rotation measures the 
machine’s speed And since the meas- 
uring device has no mechanical con- 
tact with the rotating object it can 
measure the speed of the lowest- 
powered machine without altering the 
speed under observation Obviously 
this rapidly flashing light may be used 
for high-speed photography, which has 
become a powerful measuring aid in 
the study of high-speed operations 
Likewise when the frequency is held 
slightly off synchronism the motion of 
even a high-speed mechanism may be 
studied closely Unbalanced vibrations 
in high-speed machines, down to hun- 
dred-thousandths of an inch, may be 
measured and corrected The accel- 
erometer, used to determine effective 
weight durmg the evolutions of an air- 
plane trial flight, for example, is avail- 
able solely because of the develop- 
ment of electronic tubes 


.* ■ 



Dr* John A. Hippie. WeiUnghouse 
phyeicUt. examines the curved glass 
tube thot is the heart of the moss 
spectrometer. Important to research 

The sound level meter and associated 
analyzing equipment which utilize elec- 
tronic tubes arc us€fd to evaluate the 
effectiveness of devices and materials 
placed to mimmi2;e noise penetrating 
to spaces which should be quiet 

POWER — The measurement of the pow- 
ei transmitted by a shaft has always 
been an alluring subject to the research 
physicist, when the shaft itself can be 
calibrated as a torque-meter, electromc 
devices cart show readings on a scale 
Electric resistance strain gages now 
take their place beside electromagnetic 
and mechamcal strain gages for meas- 
uring shaft distortion as well as the 


more familiai function of measuring 
distortion under static stress, and for 
all of them the electronic-tube am- 
plifier is important 

Electric voltages can be measured 
with electronic tubes with precision 
up to frequencies of the order of mil- 
lions of cycles per second, by the use 
of negligible power from the circuit 
measured The vacuum-tube volt- 
meter can measure the peak voltage 
of a fluore^ent lamp or of the surge 
from the starting of an oil -burner 
mechanism 

Chemical reactions may generate 
voltages between certam electrodes 
and, although the accompanying en- 
ergy IS too minute to be detected by 
other means, the elecfromc-tube volt- 
meter or potentiometer serves the pur- 
pose The hydrogen ion concentration 
(pH) method of determining acidity 
or alkalinity and the measurement of 
electrolytic conductivity are of this 
nature 

Electronic tubes amplify the feeble 
currents of phototubes measuring light 
and illumination Here again there is 
a notable gam in precision as compared 
with optical methods In some instru- 
ments, a variety of electronic tubes 
are combined to produce a measur- 
ing device For example, the record- 
ing spectrophotometer is being used by 
the paint industry to match camouflage 
colors so that they cannot be detected 
by the enemy’s infra-red cameras By 
determining the amount of light or in- 
fra-red that is reflected by any paint 
or other material, it is possible to de- 
termine the effect which that material 
oi color will have on the plate of the 
infra-red camera 

DIFFRACTION — X-ray diffraction meth- 
ods have been widely adapted to the 
study of crystal structures since the 
wavelength of x-radiations is of the 
same order as the spacing of crystal 
planes 

The application of x-ray diffraction 
to problems of research in crystal- 
lography and to problems of applied 
science m chemical analysis and metal- 
lurgy, opens a broad field The scope 
of the information obtained with this 
method includes the nature of the 
crystallographic system, uniqueness or 
aggregation of crystals, gram size, in- 
ternal distortion or stiam, and the 
state of atomic chemical combination 
in a substance 

In metallurgy, x-ray analysis is ap- 
plied to the study of the constitution 
of alloys, their intermediate phases, 
solid phases, and crystalline structure 
The effects of cold-working in produc- 
ing grain distortion, fragmentation of 
crystal grains, and the introduction of 
preferred orientation by rollmg and 
drawing are readily determinable 

The determination of a particle size 
has been extended mto the range of 
submicroscopic grains, as in crystallme 
colloids Substances like rubber, car- 
bon-black, pamt pigments, cellulose, 
glasses, and other substances usually 
considered amorphous have been found 
to give diffraction rings, and even some 
liquids produce diffraction halos which 
yield important information as to their 
nature and structure Soils, minerals, 


dusts, and clays are being analyzed 
with the new techniques The study 
of fibers found in drawn metal wires, 
silk, cotton, wood, rayon, starches, and 
stretched rubber is opening new ap- 
proaches to industrial research An- 
other new phase of crystal analysis is 
the investigation of the crystalline and 
molecular structure of organic com- 



Dni. Zworykin (right) ond HilHor. 
of RCA Laboratories, with cm expeii- 
menlol model of the electron micro- 
analyzer latest of the electronic 
research tools for industrial scientists 

pounds, leading to new insight mto the 
mechanism of lubricating films and the 
behavior of insulating oils and waxes 
Research on synthetic resins and syn- 
thetic rubber is dependent on x-ray 
research 

Electron diffraction work on polished 
metals has given valuable information 
on the causes of piston and bearing 
wear Research on the general prob- 
lem of adhesion of electro-deposited 
metals can be expected to result in 
substantial improvements in plating 
techniques, while the knowledge gained 
of surface chemistry, of corrosion, and 
of the protective oxides on metals and 
alloys, is directly effective in solving 
many problems, theoretical as well as 
intensely practical 

DIFFERING TECHNIQUES — One of the 
important developments in the tech- 
nique of electron diffraction was the 
discovery that electrons impinging at 
grazing angles on plane polycrystalline 
specimens would give diffraction rings 
characteristic of the material in ques- 
tion Two main t 3 q>es of diffraction 
analysis are in use today, namely (1) 
transmission patterns obtained by pass- 
ing the electron beam through thin 
sections of the material, and (2) re- 
flection patterns obtained by impinging 
the electron beam at grazing angles 

X-ray and electron diffraction tech- 
niques differ as a result of the charge 
characteristic of the electrons and as a 
result of the wavelengths of the radia- 
tion Electrons are scattered a million 
times more effectively than x-rays, 
which fact limits the thickness of the 
films in the transmission technique In 
the case of the reflection technique it 
is evident that at grazing angles, the 
first few atomic layers only are effec- 
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live in the diffraction This fact makes 
the electron diffraction camera ex- 
tremely useful for the study of surface 
phenomena 

Electron diffraction analysis is not to 
be thought of as a substitute for the 
usual x-ray analysis because of the 
difficulty of preparation of the speci- 
men for the general case However, m 
its special field of surface phenomena, 
It shows utility 

Among the many problems which 
have been studied by the electronic 
diffraction technique are thin films 
of inorganic and organic materials, 
oxide and other corrosion films, pol- 
ished surfaces, crystal growth, elec- 
tro-deposited materials, surface catal- 
ysis, colloidal state, wear and lubrica- 
tion, impurities on surface, running m 
of bearings 

The electron diffraction camera con- 
sists of a source of homogeneous high- 
voltage electrons of 30 to 60 kilovolt 
energy, a magnetic focusing system, a 
sample holder and marupulator, and a 
camera section, all in a vacuum 

One of the interesting applications of 
the electron diffraction technique has 
been the study of oxidation and cor- 
rosion products of the various metals 
in different gas atmospheres This is 
done by enclosing the specimen m a 
silver furnace whose temperature is 
carefully controlled The samples can 
be cleaned by treating with hydrogen 
The behavior of the metal in various 
gas atmospheres can then be studied by 
admitting the gases to the camera for 
specified time intervals at various pres- 
sures At the conclusion of the ex- 
pel iment, the camera is evacuated and 
the diffraction picture taken at the 
temperature in question 

MAGNETIC CHARACTERISTICS — The 

characteristics of the magnetic material 
used in transformers and chokes are 
not easily measurable, and introduce a 
factor of uncertainty in the design and 
production of electrical equipment A 
specified grade of lamination material 
may be essential for proper operation, 
but the various grades look very much 
alike, and electrical checks are often 
quite difficult 

Sometimes a deterioration in the 
characteristics of some complex circuit 
defies explanation until the change is 
traced to a change in characteristics of 
magnetic materials 

Apparatus for rapid and easy testing 
of magnetic materials is extremely 
useful in such cases But to obtain 
such data as permeability, saturation, 
coercive force, and hysteiesis loss of 
magnetic alloys, special equipment 
which is not easily available has been 
necessary 

The oscillographic equipment makes 
it possible to obtain ihese data with 
great rapidity Comparison checks of 
a number of samples can be made 
within a few seconds Imtial and 
reversible permeability characteristics, 
or increase of loss with flux density, 
can be directly observed on the screen 
of a cathode- ray tube 

A little washer punched from a sin- 
gle kminiktion is all that is needed 
Using a special four-tube amplifier 
and test jig with an ordinary ca^ode- 


ray oscilloscope, the electromc appara- 
tus instantly provides a curve giving 
the desired information 

RESISTANCE MEASUREMENTS - Wire 
resistance strain gages are primary ele- 
ments for measuring small linear 
changes of dimension of the surfaces to 
which they are attached The surface 
strain causes a proportional percentage 
change of electrical resistance of the 
gage, which is measured with a suitable 
instrument Most applications of these 
gages depend on the use of electronic 
instruments to get the necessary high 
sensitivity and measuring speed The 
measurement of mechanical forces, 
weight, fluid pressures, and small mo- 
tions are applications of strain gages 
and their associated electronic circuits 
to industrial problems 
Practically all commercial gages are 
rectangular grids of resistance wire 
about 0 001 inch m diameter, sup- 
ported and held in place by a film of 
elastic cement This may be strength- 
ened by the further use of a paper 
backing This structure of wire and 
cement is m turn cemented to the sur- 
face on which strain is to be measured 
When a conductor is placed either 
in tensile or compressive stress, its 
electrical resistance changes With elec- 
tronic circuits, this change in resistance 
IS readily converted to an indication of 
the stress in the structural number be- 
ing examined 

MASS SPECTROMETER — Production of 
high-octane gasoline, so important to 
war planes, involves precise critical 
processes requiring laboratory ac- 


CONTACT ASSEMBLIES 
Sorted Eltclroiiicilly 
Tkrti Crovps 

Much greater speed in the sorting and 
inspection of tiny contact assemblies 
produced at General Electric's Schenec- 
tady Works has been made possible 
through the development of an elec- 
tronic sorting table which routes the 
assemblies into three different chan- 
nels depending on whether they are 
too high, too low, or within the toler- 
ances 

Each contact assembly was previously 
checked with a needle micrometer to 
determine whether it was oversize, 
undersize, or within the tolei ances, 
and then sorted accordingly by hand 
With the specially designed sorting 
table, each assembly is fed onto a 45- 
degree slide About halfway down the 
slide, the assembly comes to a contact 
point located at a pre-set height 

If the assembly touches the point, it 
is oversize, and the contact made closes 
the grid circuit of a vacuum tube, 
which in turn energizes an electromag- 
netic relay A solenoid is next ener- 
gized, sending the assembly down a 
chute into a container for oversize 
parts 

A short distance beyond the first 
point, a second contact point is set at 


curacy on a huge scale Previously, 
chemical teste in an oil refinery have 
been laborious and have required hours 
to complete, but today the electronic 
mass spectrometer thoroughly checks 
operations m a matter of minutes — and 
requires only one or two technicians 

This instrument determines both 
qualitatively and quantitatively the 
constituents of a gas, using only a thim- 
bleful of the gas at a time — and ionizes 
it by impact of electrons from a hot 
filament in an evacuated tube The 
stream of charged molecules ls diawn 
along the tube into a strong magnetic 
field, where it is bent into an arc- 
shaped path The heavier the ion, tlio 
larger the radius of curvature of its 
path As a result, different molecules 
emerge from the field at various loca- 
tions — but all of the same kind leave 
at one particular spot Differently 
charged molecules are collected suc- 
cessively at an exit slit into a current 
that can be amplified and measured 
In this way, constituents of any gas 
can be determined as to kind and 
proportion 

The value of the spectrometer as an 
analytical tool in the analysis of gas- 
oline, synthetic rubber, and plastics 
well justifies its development Already 
in evidence are other promising fields 
of application Among these are leak- 
age testing, metallurgical analyses, and 
analysis of the purity of controlled 
furnace gases It is also useful in 
automatic controls of processes wheie 
it may be important to measure the 
relative quantity of a desired con- 
stituent or to detect presence of an 
undesirable element 



Electronic sorting toble in use 


standard height less tolerance Since 
oversize assemblies have already been 
eliminated at the first contact point, 
parts touching the second point are 
within acceptable limits and are “shot" 
down another chute Undersize as- 
semblies do not touch either point and 
slide undisturbed to a third tray, thus 
completing the automatic sorting op- 
eration at high speed 
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AVIATION Conducted by ALEXANDER KLEMIM 


Research Gave Mankind Wings 

From the Very Beginning^ Besearcli has been the Basic Elemeat in Aviation 
Progress. The Wright Brothers Bnilt a Wind Tnnnel Long Before They Bnilt 
A Flying Machine. From Then on, Besoarch by Industry, Government, and 
The Universities Has Bronght Flying to Its Present Astonishing Triumphs 


I T IS a remarkable fact that, the 
younger a branch of engineering, 
the more it owes to organized research 
and the more thorough is its grasp of 
underlying scientific principles Thus 
naval architecture, which presumably 
dates back to Noah, has advanced 
through the ages mainly by exfienence, 
and with much of its knowledge based 
on tradition 

Aviation, on the other hand, datmg 
back only a little more than 40 years, 
owes far more to scientific research 
It has advanced more rapidly, it is 
more richly provided with laboratories, 
and it already has gained sounder 
and more comprehensive scientific 
knowledge In fact, the tradition of re- 
search in aviation dates back to the 
Wright brothers themselves 
It is sometimes thought that the 
Wrights were inventors of genius who 
owed their success to inspiration and 
not to scientific training On the con- 
trary, the two brothers were scientists 
of the very highest type While they 
owed much to inventive gemus, they 
nevertheless undertook long and sys- 
tematic researches m a home-made 
wind tunnel before they even attempted 
to buil4 their first airplane 
For tBany years Orville Wright used 
to show personal friends a small red 
vest-pocket book which contained the 
sole record of early experiments Only 
in 1939 were these records given to the 
world in the 27th Wilbur Wnght 
Memorial Lecture delivered by Dr G 
W Lewis before the Royal Aeronauti- 
cal Society In this lecture. Dr Lewis 
gave ample evidence of the research 
skill and accuracy which the Wright 
Brothers had achieved The tradition 
has remained, with scientific and in- 
dustrial research in aeronautics under- 
taken by every civilized or merely 
technologically-trained country in the 
world 

The United Stages has a way of 
originating inventions, of neglecting 
them, and, later on, of surpassing the 
world in the same field. So, in aviation, 
the Govemmpnt paid but little heed to 
the new science Only in 1915 was the 
Nation'll Advisory Committee for Aero- 
nautics established, and even then with 
a munificent gra-\t of $5000 to pursue 
its researches Of course, today America 


is m the lead both in research equip- 
ment and personnel, but it is doubtful 
whether we were leading in those cru- 
cial years when the dictators were arm- 
ing for the conquest of the world 

RESEARCH IN EUROPE— In those danger- 
ous years, Mussolini had built Guidoma, 
a whole city devoted to scientific re- 
search in aviation In Germany, 
the Deutsche Versuchsanstalt fur 
Luftfahit, located at Adlershof near 
Berlin, had vast laboratories and work- 
shops, as well as large numbers of 
well-trained men The Russians had 
developed the huge Central Aero-and- 
Hydrodynamic Institute in Moscow The 
British, while sound, had not kept their 
early leading position, and in France an 
early spirit of bold investigation had 
yielded to apathy and decay 
The Japanese, who excel as copyists, 
it IS true, but can also do good research 
along conventional lines, had built up 
the quite respectable Tokyo Institute 
of Aeronautical Research Particularly 
in Germany, the efforts of the govern- 
ment scientists were supported by in- 
dustrial research and experiment on a 
wide scale by such companies as 
Junkers, Dormer, Heinkel, and others 
Charles Lindbergh tried to do his 


country a service when he reported 
how powerful and advanced was Ger- 
man aviation 

The early days of the European war 
and even the early days of our own 
entry into the war certainly did not 
find us leaders either in aeronautical 
research or in excellency of airplane 
equipment, while quantitatively we 
were far behind 

It was our good fortune that Great 
Britain put up so courageous a fight 
and that two oceans separated the 
United States from its potential ene- 
mies We were thus given time to 
brmg our research facilities up to the 
highest level and to advance our mili- 
tary and naval aircraft to their present 
excellency 

Today, perhaps the most remarkable 
thing about aviation research in the 
United States is the co-operation which 
exists between govermnental labora- 
tories, the umversities, and the experi- 
mental establishments (rather than 
laboratories) of the manufacturers of 
airplanes and airplane engines 

In the pure science of aerodynamics, 
the Germans led, up to a few years 
ago, but today they are rapidly going 
down hill Now, thanks in part to the 
refugees which Germany has so benevo- 
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lently driven to our shores, we are fast 
overhauling them in the physical 
sciences and m applied mathematics 
In the application of science and in 
industrial research we are already far 
ahead of the Germans 
In aviation we in the Umted States 
owe our superior position to the fact 
that we have known better than the 
Germans how to tie in our federal 
laboratories with the industrial re- 
search of our manufacturers and with 
the universities It will not be out of 
place to give a brief picture of these 
diverse but co-operating elements 
To begin with, this country has the 
National Advisory Committee for 
Aeronautics This, from its modest be- 
gmning in 1915, has now grown to a 
vast institution with its long-established 
Langley Field laboratory in Virginia, 
now almost matched by the Ames Lab- 
oratory in California, and supplemented 
by the splendid aircraft engine labora- 
tory put into operation just a few years 
ago in Cleveland The NACA, as it is 
generally known, is directed by a group 
of men who serve without compensa- 
tion and who represent the Army, 
the Navy, the Civil Aeronautics Ad- 
ministration, and other governmental 
bodies, with perhaps one or two citizens 
of high distinction in aviation 
Under this governing committee 
functions the Director of Aeronautical 
Research, Dr G W Lewis, who has 
established, perhaps, the Washington 
record for longevity m a promment 
government position and perhaps an 
equal record for freedom from public 
criticism Then there come a number 
of sub-committees which include mem- 
bers representing the industry and the 
umversities Research problems are 
frequently suggested oy engineers from 
industry at the annual NACA Confer- 
ences held at Langley Field Sometimes 
they are presented by the industry’s 
representatives acting on the sub-com- 
mittees When research is initiated by 
the NACA itself or by members of its 
scientific staff, the subjects of mvesti- 
gation have to be approved by the sub- 
committees There exists the most 
friendly relationship between NACA 
and the industry 

DEMOCRATIC RESEARCH—In a large 
measure, this is due to the fact that 
the NACA has known how to draw the 
line between the solution of funda- 
mental problems and the ad hoc re- 
search which develops particular air- 
planes, engmes, Instruments, and acces- 
sories, and which is properly the realm 
of industry The whole system of m- 
teraction between government labora- 
tory and Industry is a remarkable 
manifestation of the democratic process 
What results has this democratic 
scheme produced at Langley Field^ It 
has yielded, first of all, the most sys- 
tematic and correlated knowledge of 
airfoils available anywhere in the 
world The NACA family of airfoils is 
quoted, studied, and used in every 
country and, in all probability, Hitler’s 
proudest aircraft are equipped with 
NACA airfoils in their original or 
slightly modified form. 

The NACA laminar wing mamtains 
a laminar or smooth flow over the 
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greater part of its surface, and, when 
operating at its best efficiency, cuts 
down the drag of the an foil tremen- 
dously Since, in the modem airplane, 
the profile drag of the wing constitutes 
a large proportion of the whole drag 
of the airplane, »,he laminar wing has 
meant much to the efficiency and per- 
formance of our fastest military air- 
craft As the speed of the airplane in- 
creases, the local speed of air flow at 
certain points on the surface of the 
wing approaches the speed of sound, 
with the compressibility burble and 
shock waves as the result, and this 
compressibility burble at one time 
threatened to put an end to further 
advances in speed Again, the NACA 
researches have gone far to bare the 
causes and remove the vexations of 
the shock waves 

It is a well-known fact that America 
leads the world in the design of air- 
cooled engmes Such engines could 
never be used with the efficiency now 
available wore it not for the NACA 
streamlined cowl which is seen in 
every picture of war-time aviation To 
the NACA, America also owes a num- 
ber of advances in experimental tech- 
nique which have been copied or im- 
proved upon the world over Thus, 
Langley Field was the first to con- 
struct the Compressed Air Tunnel in 


which the air, compressed to a pressure 
of 20 atmospheres, gives test conditions 
whereby small models can simulate 
the behavior of full-scale airplane® 
To the NACA also, the Umted States 
owes the construction of the world’s 
largest towing basin, and the knowledge 
derived in the towing basin has been 
an important factor in the development 
of our transatlantic Clippers In addi- 
tion, the NACA developed the high- 
speed tunnel in which the compressi- 
bility problems mentioned can be 
thoroughly investigated America is also 
indebted to it for the first tunnels large 
enough to make possible the test of 
engine and propeller combinations, and 
the first tunnel (60 feet in span) in 
which It was possible to test a full- 
scale airplane 

Our universities, too, have fulfilled 
an important function in aviation They 
have produced, in addition^ such young 
leaders of the industry as Well wood 
Beall, responsible for the Superfortress, 
who IS only 37 It can be said that the 
American aviation industry, and 
American industry m general, as U. 
has supported the aviation industry 
has lived up fully to the lead of the 
NACA, and in fertility of ideas and in 
vigor of invention has surpassed the 
governmental institution 

INDUSTRY'S CONTRIBUTIONS— So much 
has been done by industrial research 
in aviation in the last 20 years and so 
much more under the recent pressure 
of the war effort, that it is difficult to 
select outstanding achievements 

The following is only a rough attempt 
at such selection Long-distance flying 
and bombing in bad weather are pos- 
sible only because the military pilot 
can pass on a large share of his task to 
the robot pilot Elmer A Sperry gave 
the world the Sperry automatic pilot 
based on a refined application of the 
gyroscope It is a remarkable fact that 
the Sperry Company has persevered 
in this development for nearly 30 years 

Flymg m the substratosphere would 
be impossible without the super- 
charging of the engine for the thin 
air of high altitudes When America 
needed a supercharger, it found Dr 
Sanford Moss, a compressor designer 
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who, with the full backing of the Gen- 
eral Electric Company, gave it the 
turbo-supercharger which is making 
history every day 

Charles L Lawrance and, subsequent- 
ly, the Wright Aeronautical Corpora- 
tion contributed the air-cooled engine, 
which was ultimately developed into a 
prime mover of over 2000 horsepower 

The principles of radar, first an- 
nounced by two American naval scien- 
tists m 1922, were developed in England 
and saved her in the Battle of Britain 
because radio locators could find the 
Luftwaffe even at night But radar 
received its finest development in the 
industrial laboratories of the United 
States This branch of electronics con- 
tributing vastly to the war, will also 
be of great help to peace-time aviation 

American industry has given us the 
materials and the “know-how” to en- 
able the turbo-jet engine, coming fiom 
England, to surpass the fondest hopes 
of its original inventor. Captain Frank 
Whittle 

American ingenuity has produced the 
marvellous “thinking,” automatically- 
computing gunsight which enables one 
of our pilots to shoot down his enemy 
when their relative speeds are nearly 
1000 miles an hour 

From this brief survey of industrial 
aviation research, a few tentative con- 
clusions may be drawn 

First of all, it is Ameiican industrial 
research which is one of the primary 
causes of American aerial supremacy 
Since such research is the outcome of 
years of steady growth, and since lab- 
oratories and technicians cannot be im- 
provised, it would be the worst kind 
of folly for the United States to dis- 
continue aviation research after the 
end of the war Let Congress cut, if it 
will, the mass production of aircraft 
Not for one moment, however, can 
America afford to discontinue its ef- 
forts in aviation research 

Another statement which few will 
care to dispute is that the aviation 
research which for so long has been 
devoted to military ends, will indirect- 
ly cause peace-time aviation to flourish 
as a small compensation for the 
agonies of war The automatic pilot 
will carry transports to the uttermost 
regions of the earth Applications of 
radar will enable planes to land in 
the thickest fog Supercharged engines 
and supercharged cabins will carry 
passengers at unbelievable heights in 
great comfort and at speeds which are 
impossible at lower altitudes 

AVIATION'S DEBT PAID— In the early 
day of aviation, the new-born science 
drew on the skill of men from other 
professions and built its equipment 
with the aid of other industries Now 
it has more than repaid this debt 

Other industries have learned a great 
many things from industrial research 
m aviation for application in their own 
needs For example, the turbo-jet engine 
will undoubtedly pave the way to ad- 
vances in the gas turbine for general 
use Because, m building the turbo-jet 
engme technicians learned how to de- 
sign nozzles and select materials to 
withstand severe combinations of tem- 
perature and pressure, gas turbines 


can be expected in locomotives, in 
ships and, later, even in motor cars 
Because radar has rendered so many 
services in aviation, the manner will 
find it equally useful at sea 

Because supercharging has intro- 
duced the most difficult problems in 
heat exchange, the entire air-condi- 
tioning, heating, and ventilating indus- 
tries will benefit Because airplane 
builders had to face the highest decibel 
levels of powerful engines and fast- 
revolving propellers, sound-proofing 
will advance in many fields of industry 
and comfortization 

Because automatic pilots, airplane 
compasses, distance fuel gages have 
made use of electronics in its most 
lefined form, and because remote in- 
dication and control have been indis- 
pensable in aviation, there will follow 
progress in many fields of industrial 
instrumentation and control 


^ ^ ^ 

BEATING CONPBESSIBILITT 
By Nmbs oI Two 
Simplo Hittgo4 Sariacot 

When an an plane approaches the 
speed of sound, as it may m a power 
dive, strange things happen to the 
airflow past the wing The air, which 
flowed smoothly around the wing at 
lower speeds, now suffers “compressi- 
bility” effects Shock waves are pro- 
duced on either the lowei or the upper 
surface of the wing, or on both Pres- 
sure on the lowei surface is likely to 
be converted into suction, while suc- 
tion on the upper surface may become 
pressure The efficiency of the wing is 
destroyed 

But that IS not so serious as the fact 
that compressibility in the power dive 
produces violent buffeting effects on 
the tail, the pilot loses control, has tre- 
mendous difficulty in pulling out of 
the dive, and generally finds life un- 
pleasant for the moment 

Now the engineers of Lockheed Air- 
craft Corporation, headed by their aero- 
dynamicist, C L Johnson, appear to 
have found a remedy, which has 
worked splendidly on the Lockheed 
P-38 or Lightning and is being sue- 
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cessfully tried out on other planes. 
Military secrecy still forbids detailed 
discussion of the device itself or of its 
theory, but the photograph shows how 
simple it IS Two simple hinged surfaces 
constitute the entire device When they 
aie outside the wing they break the 
shackles of compressibility, when re- 
tracted, they leave the airplane all its 
usual aerodynamic efficiency After a 
power dive of 35,000 feet the Lockheed 
Lightning equipped with this device 
can pull out safely within 3000 to 5000 
feet 

ATTITUDE IMDICATOB 
Aids PUot im 
Acrobaiic NaasBTsrs 

By means of a gyro equipped attitude 
indicator, the airplane pilot can now 
be provided with a visual indication 
of the position of his plane witli refer- 
ence to the earth, through all the pos- 



sible attitudes into which an an plane 
can be maneuvered 

In the past it has been impracticable 
to pel form all aerobatic or acrobatic 
maneuvers without visual refeience to 
the eaith’s surface With the new 
Speriy Attitude Gyro it is possible to 
carry out such maneuvers even when 
the earth cannot be seen The instru- 
ments thus constitutes an advance m 
training methods, and is also likely to 
be of help to combat pilots m a tight 
corner 

As in other gyro instruments, a gyro- 
scope IS the heart of the Attitude In- 
dicator It is electrically revolved 
around a vertical axis, and has the 
familiar gyroscopic properties of rigid- 
ity and precession, in order to provide 
an absolutely fixed vertical pattern 
around which the plane may be maneu- 
vered 

The new feature is made possible 
by a novel method of suspension The 
reference pattern is marked on the 
surface of the stabilized sphere with 
luminescent paint and is visible to the 
pilot through a marked opemng in the 
front of the instrument case The in- 
dicating sphere is divided into hemis- 
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pheres by painting the upper half white 
luminescent and the lower half black 
The only operating knob or adjust- 
ment required by the pilot is that for 
the ‘^target” — a small circle which ad- 
justs up and down to compensate for 
change in trim of the airplane in level 
flight. 

AIB TBAm 
Crowth Prsdicied by 
Beinli of Boeoat Slady 

A REPORT by B A McDonald and J L 
Drew, which is a thorough and thought- 
ful study of what awaits aviation in 
the post-war years, has been issued by 
Cuitiss- Wright The report is based 
on assumptions of complete allied vic- 
tory, a steadily growing income, growth 
of an transport based on economic 
rather than political considerations, 
regulation by Congress and The Civil 
Aeronautics Board followmg precedent, 
and on a continued, vigorous policy of 
air- traffic promotion 
Improvements in service may be ex- 
pected, due in part to war-time devel- 
opments applied to peace-time air 
transport Tlie number of accidents 
should become so low that fear of air 
tiavel will be entirely eliminated as 
a deterrent Since fear has, in the past, 
kept more passengers away from air 
tiavel than any other cause, or causes 
combined, this advance in safety is of 
the utmost importance Flight cancel- 
lations should be virtually negligible 
and almost 100 percent schedule per- 
foimance may be expected 
Radar developments will help, as 
will also the blind landing systems 
which need only be installed at our 
great airports to be fully effective 
The comfort of air travel will increase 
greatly Cabin pressurization, bettei 
lighting, excellent vision, complete 
soundproofing, stable flight, thanks to 
the automatic pilot, all are combining 
to make air travel more comfortable 
As a result of these favorable in- 
fluences, the Curtiss -Wright report pre- 
dicts an enormous increase in air travel, 
with number of passengers seven times 
that of 1940, five years after the war’s 
end, with 700 million passenger miles 
a year as against 104 millions m the 
earlier period A similarly rapid growth 
is expected in air express, with an esti- 
mate of 87 million ton-miles annually, 
compared with 10 million in 1940 

JATO 

Becktl Baits Being Tested 
For Assisted Take-Oils 

|t IS not accidental that both the Navy 
and the AAF are experimenting with 
jet-assisted take-off — the readiest way 
of getting an over- loaded plane into 
the air 

The Navy has applied this principle 
to the Chance Vought F4U-I Corsair 
fighter JATO, as these assisted jet take- 
offs are known in the Navy, reduce 
the normal take-off run from 33 to 60 
percent of normal, or else they permit 
a greatly increased load to be carried 
These devices are particularly xiseful 
m the restricted areas of carrier decks 
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Rockats qlva added push 


They resemble bombs, except that they 
are fixed to the undei side of the 
fuselage lather than under the wing 
or enclosed in bays 

The jet units are really rockets (not 
jet engines) because they contain solid 
propellant which includes oxygen and 
do not take in air from the outside 
They are ignited by electrically con- 
trolled spark plugs 

Air Technical Service Command 
experiments with such rockets have 
been going on at Wright Field for 
four years, with considerable technical 
success It IS not equally certain that 
they will be as helpful tactically If 
runways are built so short that rockets 
are required for take-off, then the 
same i unways will be short enough to 
cause many accidents on landing 

The rockets carry both fuel and oxy- 
gen, with the products of combustion 
escaping to the rear through a suitably 
shaped nozzle There were two major 
problems to overcome — suitable fuels 
and oxidizers, and a nozzle which 
would stand the terrific heat of the ig- 
nited gas Both problems have been 
solved, although bettei combinations 
of fuels and oxidizers are still being 
sought 

The Air Technical Service Command 


rightly wains us that rockets may Vje 
helpful m assisted take-off but have 
yet to show utility in long-range flight 
The Germans are reported to have 
placed such take-off units in tactical 
use, possibly because their propellers, 
designed for high altitude, do not give 
sufficient thrust for good take-off at 
sea level 

BETEBSIBLE PBOPELLEBS 
Make Haw Navy Blimp 
Nora NaaaBTarablo 

Blimps have given a good account of 
themselves in the present war, and 
have proved invaluable in anti-sub- 
marine patrol As compared with the 
airplane in such duty, the blimps have 
long endurance, can stay aloft for sev- 
eral days, and are able to hover over 
one spot, an airplane is obliged to fly 
relatively fast if it is to stay in the 
dir, and has an endurance of only a 
few hours Also, the blimps, when 
equipped with appropriate propellers, 
have a great deal of maneuverability 
Such propellers are the Curtiss electric 
propellers with fully reversible pitch, 
which have been installed on the Good- 
year M-I, the largest airship of this 
type owned by the Navy, shown in the 
photograph below 

The M-I IS equipped with a mooring 
nng at the bow and a long lower struc- 
ture with navigation and observation 
quarters at its front end Nacelles on 
either side of the hull are braced by 
two powerful gliders and contain 500- 
horsepower engines With the use of 
the reversible propellers the blimp can 
be brought to a stop in the air and 
with the blades of one propeller pull- 
ing forward and the blades of the other 
pulling backwards, the M-I can turn 
in the air as if on a pivot 

It IS also possible to make a running 
start into the air, with wheels on the 
ground The blimp is then making use 
of the dynamic of the hull like the 
dynamic lift of an ’airplane wing In 
general, ground handling qualities of 
blimps will be greatly improved by the 
reversible pitch mechanism, which has 
already proved very useful ^l^J|ianeu- 
vering flying boats on the surface of 
the water 



ManeuTarabIRty of tho M 1 is Increasod by roTorslblo propoRors 


JANUARY 1945 • SCIENTIFIC AMERICAN 


25 



PLASTICS Conducted by CHARLES A BRESKIN 


Plastics— Products Of Research 


Ho Other ladnsiry Has Profited So Greatly by Laboratory Bosoarch Than 
Has the One Bnlll on the Original Work Done 75 Years Ago by Hyatt. A 
View of Accomplishments of Very Becent Years Senres as a Basis for 
Evaluation of Progress Yet to Come. Only the Snrlaco has boon Scratched 


I N THE 75 years that have passed since 
John Wesley Hyatt founded the plas- 
tics industry by evolving the cellulose 
nitrate formulation known as Celluloid, 
new plastics materials have poured 
forth from research laboratories 
throughout the country 
In the past few years, the spur of 
war demands has abetted and perhaps 
forced the development of many new 
techniques and new plastics mateiials 
And it has had a further effect The 
exigencies of meeting rigid demands 
and specifications of the many Govern- 
ment offices and agencies, have brought 
about improvements in materials and 
methods of manufacture which will be 
of permanent benefit to the plastics in- 
dustry long after peace is restored 

SHATTER RESISTANT GLAZINO-Charac- 
teristic of the activities that have en- 
gaged the attention and efforts of the 
plastics industry during the war years 
IS the development of shatter-resistant 
plastic glazing The history behind this 


Lucite-Butacite glazmg, which is capa- 
ble of resisting shock impacts such as 
the effects of penetration by machine- 
gun and cannon fire, or gunfire concus- 
sion, presents many interesting lights 
on the varied experience, the research, 
and the testing that must be called into 
play in the development of new plastics 
applications 

The strategy of modern aerial war- 
fare involves the operation of aircraft 
at high altitudes, often m excess of 
35,000 feet, wheie atmospheric pressure 
and temperatures are low Hence pres- 
surized airplane cabins were evolved 
whereby the atmospheric pressure in- 
side the plane, at 40,000 feet for ex- 
ample, can be maintained at the equiva- 
lent of the atmospheric pressure exist- 
ing at 12,000 feet, the highest altitude at 
which humans can live efficiently with- 
out accessory oxygen 

Pressurized cabins have another 
advantage Heavy clothing, heated suits, 
and oxygen masks burdensome when 
worn over long p>eriods of time, as on 
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various high frequency cable types 


bomber missions deep into enemy ter- 
ritory — can be discarded m planes 
equipped with pressurized cabins ex- 
cept, of course, durmg the period of 
actual bombing when an enemy shell 
might pierce the fuselage 

The problem then arose of prevent- 
ing the escape of air from within the 
cabm when machine-gun fire pierced 
holes in the transparent plastic domes 
of pressurized cabins 

In the absence of a glazing that would 
resist enemy gunfire, a search was be- 
gun for a transparent plastic material 
which would, when penetrated by a 
bullet or shell, be self-sealing Since no 
one plastic possesses transparency, the 
ability to easily shaped, and the 
simultaneously contradictory property 
of rigidity with maximum flexibilty 
under shock impact to prevent shatter- 
ing, the next step was to combine two 
materials which, when laminated to- 
gether, might retain the desired quali- 
ties of each of its individual com- 
ponents 

Methyl-methacrylate was selected as 
one of the materials because of its 
rigidity, hardness, and weather re- 
sistance, and polyvinyl butyral resin 
was selected as the second component 
because of its tough, elastic, impact-re- 
sistant qualities The experience and 
skill gained in the production of lami- 
nated safety glass was then apphed to 
this new material, with sheets of 
methyl methacrylate placed on either 
side of a polyvinyl butyral sheet Since 
polyvinyl butyral will not adhere to 
methyl-methacrylate, it was necessary 
to develop a special adhesive which 
would produce a strong bond between 
the two plastics, and several hundred 
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Tips for these 120 pencils are j 

Injection-molded of Tenite in one casting ^ 

• Biightly wlored Tcnite pencil tips are scheduled for postwar use 
Colors available in Tenite are unlimited, and the plastic is eminently 
suited to modem, streamlined design In serviceability, Tenite successfully 
competes with metals traditionally used for pencil ferrules Thin-walled and 
resilient, the ferrules grip both pencil and eraser without splitting 

The use of Tenite plastic effects economies in mtitcrial «md manufacturing 
operations Because it is exceptionally light in weight, the plastic yield is 
greater than that of metal Tenite castings are injected at the fastest speeds ever 
attained with plastics, and no costly finishing operations are required. 

Tenite is extremely well-adapted to the mass production of small parts 
and has long been used for radio knobs, automobile interior appomtments, 
refrigerator parts Write TENNESSEE EASTMAN CORPORATION 
(Subsidiary of Eastman Kodak Company), KINGSPORT, TENN. 
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adhesives were tried befoie a satisfac- 
tory type was obtained 
Results fully justified the painstak- 
ing research involved in the successful 
development of this shatter-resistant 
plastic glazing Tests on a 'VB-inch thick 
laminated semi-cylinder of this ma- 
terial showed no rupturing and only 
very small holes after being penetrated 
with a 50-caliber bullet under condi- 



The first BT 15 alrplons to employ 
"sandwich*' type of glass plastics 
construction for such structured 
ports as the rear section of the 
fuselage, toil cone, ond side ponels 

tions where the piessure differential 
was 7 5 pounds per squaie inch and the 
temperature was —40 degrees, Fahren- 
heit Further, these small holes can be 
patched by a crew member while the 
plane is in flight 

STRUCTURAL AIRCRAFT PARTS— Pi ob- 

ably the most noteworthy application 
of plastics to be made public during the 
year 1944 wp 3 the construction by the 
Army Air Forces Materiel Command 
at Wright Field of a Fiberglas lami- 
nated fuselap^, tail cone, and side panels 
for a BT-15 ajrplane This fuselage was 
the first primary structure in an air- 
plane to be made successfully of lami- 
nated plastic In the past, various plas- 
tic laminates had been used in the con- 
struction of non -structural airplane 
parts — fairings, fillets, doois, escape 
hatches — not subject to severe stresses, 
but none had exhibited the physical 
properties necessary for primary struc- 
tures 

The success with which this experi- 
mental fuselage 'vithstood the most 
stringent laboratory and field tests sug- 
gests d wide field of application in the 
future in the automotive, maritime, and 
building fields, as well as aeronautics 
Basically, the test fuselage for the BT- 
15 consists of glass cloth impregnated 
with resin to which a ceitam amount 
of glass fiber flock has been added to 
give Increased strength Sandwich -type 
construetion is used, incorporating a 
balsa-wood core between an inner and 
outer skin of the laminate No pressure 


IS required for curing the newly devel- 
oped resin used for this application 
After laying up, the fuselage need only 
be subjected to a temperature of 220 
degrees, Fahrenheit, for a period of 
three hours, after which it is ready for 
the trimming and finishing operations 
This laminated structural airplane 
part represents a synthesis of the re- 
sults obtained from many years of re- 
search and test work in numerous fields 
— ^work that is still going on to perfect 
the material and the method of fabri- 
cation and make it practicable for large- 
scale factory production On the one 
hand there is the long-iange develop- 
ment conducted by Owens-Coming Fi- 
berglas Corporation in the production 
of different types of glass cloth, on the 
other the research activities of seven 
lesin manufacturers — Pittsburgh Plate 
Glass Company (Columbia Chemical 
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Courtesy Westlnghouso 
Use of silicone insulation accounts 
for the fact that the 10-horsepower 
motor in the foreground is holf the 
size of the other, of the same rating, 
which has conventional insulation 

Division), American Cyanamid Com- 
pany, Libbey-Owens-Ford Glass Com- 
pany (Plaskon Division), Dow Chemi- 
cal Company, Monsanto Chemical Com- 
pany, Bakelite Corporation, and Marco 
Chemicals, Inc 

PLASTICS IN THE HOME - Just as the 
use of glass-reinforced low-pressure 
plastics for aircraft structural parts is 
well beyond the pure laboratory phase, 
so post-war applications of these same 
materials are now beyond the planning 
period Perhaps the most interesting 
and promising of the proposed uses are 
to be found in models for space-sav- 
ing, structure-supporting, prefabricated 
kitchen and bathroom units, which 
have been projected by Virginia-Lin- 
coln Corporation 

These bathroom -kitchen designs take 
advantage of the ideal properties of glass 
laminates for individual units that are 
integral with standardized interchange- 
able wall sections Many of the excel- 
lent features of these models would be 
impracticable to manufacture if the 


costly dies of high-pressure molded 
plastics were necessary, and on-the- 
spot assembly would be complicated if 
the units were made of light-weight 
metals 

The two-sided assemblies, which 
comprise a bathroom and kitchen, com- 
plete with full storage facilities, are in- 
tended in their most compact form to 
occupy a space only seven feet square 
yet are capable, because of airplane- 
type cantilever beams, of supporting the 
entire structure of the house The 
strength of the main supports can be 
attributed to the use of straight-lme, 
continuous glass fibers that are coated 
with a resin admixed with short lengths 
of finely divided glass-fiber flock 

The properties of this material make 
the glass fiber laminate ideally suited 
for the forming of refrigerators and 
plumbing units, and for strong, light, 
highly stain- and mar-resistant fur- 
niture for existing bathrooms and 
kitchens Chairs and tables for ter- 
races, even park benches, would possess 
improved weather lesistance if formed 
from this material Luggage is another 
market that offers interesting pos- 
sibilities 

ENTER SILICONES— That returns already 
are being realized from the intensified 
war-time research is evidenced by the 
first commercial production of **sili- 
cones ” Available as fluids, greases, 
resins, and lubricants, these materials, 
which are produced by Dow Corning 
Corporation and General Electric Com- 
pany, bridge the gap between conven- 
tional orgamc insulating materials, 
which are limited with respect to heat 
stability, and ceramic-type materials, 
which have no such limitation 

While silicones may be said to derive 
ultimately from sand, brine, coal, and 
oil, their synthesis involves a number 
of steps and a considerable amount of 
industrial and chemical technology 
They first reached commercial produc- 
tion in the form of water-white, odor- 
less, inert liquid silicones Two of these 
liquids have a low rate of change of 
viscosity with temperature and reten- 
tion of fluidity at low temperatures, 
combined with inertness toward metals, 
coatings, and gasketing materials These 
characteristics suggest that the fluids 
will have wide use as damping, gage, 
and ashpot liquids 

Excellent resistance to chemicals 
makes them useful as impregnants for 
asbestos packing and gaskets in chem- 
ical pumps, and their extremely low 
power loss, low water absorption, and 
stability to heat suggests their use as 
liquid dielectrics These silicone liquids, 
when in solution with chlorinated sol- 
vents, can be employed in the treat- 
ment of glass surfaces or ceramic in- 
sulating forms to render them water 
repellent 

In resin form, silicones have a wide 
field of application m electrical equip- 
ment where the working life depends 
to a great extent upon the insulating 
and spacing material that is used Be- 
cause of their inherent instabibty to 
heat, conventional organic insulation 
mateiials tend to crack or carbonize, 
and to admit water and conducting 
materials when subjected to excessive 
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thermal conditions While inorganic 
spacing materials can be used in elec- 
trical equipment, there must be tem- 
perature-stable resinous dielectrics to 
fill in voids, hold the conductors in 
place, keep out moisture, and insure 
good heat conductivity This role the 
present silicone resins will undoubtedly 
fill in a great many insulation construc- 
tions 

It has been found possible, when 
design limitations are based on insulat- 
ing temperatures, to reduce the weight 
of electrical equipment by as much as 
50 percent through the use of silicone 
insulation A comparison of two 10- 
horsepower motors, one insulated with 
the high-temperature silicone resin and 
the other with conventional insulating 
material, shows the unit employing 
silicones to be half the size of its mate 

AND POLYETHYLENE—Another plastics 
material having excellent electrical 
properties which was introduced to 
the public m 1944, is polyethylene, a 
hydrocarbon resin made by the poly- 
merization of ethylene Produced in this 
country by E I du Pont de Nemours 
and Company, Inc and Bakelite Cor- 
poration, it has in its uncompounded 
slate a waxy white, translucent appear- 
ance but may be made transparent m 
thin sections by quenching Being a 
thermoplastic, polyethylene can be 
readily molded by injection or com- 
pression, or extruded to form sheets, 
films fibers, tubes, and the like In a 
sense, it is somewhat of a paradox In 
thin sections it may be classified as 
non-rigid, yet it lacks the limp, rubbery 
quality that characterizes most non- 
rigid plastics In thick specimens it is 
often stiff enough to be classed among 
the more rigid materials 

The outstanding properties of poly- 
ethylene — flexibility and toughness 
over a wide range of temperatures, 
good resistance to water and to pene- 
tration by moisture, chemical mertness, 
and excellent electrical properties — 
should find it a place in many important 
applications 

Regardless of the method used in 
producing a finished article from poly- 
ethylene, standard eouipment seems to 
vork satisfactorily, ThuS| conventional 
plastics and rubber equipment is used 
for the extrusion of the resins, while 
conditions normally applicable to the 
calendering of vinyl chlonde-acetate 
resin compounds are suitable for poly- 
ethylene after modification 

When available for other than war 
needs, polyethylene will undoubtedly 
be used for collapsible tubes for foods 
and cosmetics, for flexible tubing or 
more rigid piping, and for gaskets and 
battery parts Performance under serv- 
ice conditions already has shown prom- 
ise for use in electrical applications, 
applications involving chemical resist- 
ance, medical applications, molded and 
extruded products (mdustnal and 
civilian) , packagmg, applications in- 
volving fibers or monofilaments, im- 
pregnated cloth, lightmg applications, 
and numerous unclassified applications 
from furniture casters to printing 
plates 

Research laboratories can pomt to an 
impressive record of achievement dur- 


ing these years of war But not content, 
they already are making and carrying 
out plans that may have a profound 
effect on our way of life in years to 
come It is upon the results of their 
activity that we in America will de- 
pend for the material items that com- 
prise our standard of livmg and for 
many of the jobs that make our pur- 
chases possible 


® ^ ® 

PLASTICS MODELS 
Show Exact FxBCtioning 
of lalricalo Nochaxlims 

One of the most serious problems fac- 
ing industrial plants has been the rapid 
training of new workers, many of 
whom are without knowledge or ex- 
perience in engineering or manufactur- 
ing practice The Ford Motor Company 
has solved this difficulty with a system 
of teaching which makes use of Plexi- 
glas models 

The Ford method is based on the as- 
sumption that if a transparent plastic 
bubble in the nose of a bomber assists 
a navigator in plotting his course, a 



Plastics r«T«al Inner workings 


block of the same substance surround- 
ing a metal part should enable a stu- 
dent to see the inner workings of a 
bomber’s more intricate mechanisms 
Experiments were started in the con- 
struction of fuel selector valves, engine- 
driven hydraulic pumps, and hand 
pumps It was found possible to ma- 
chine blocks of transparent acrylic 
plastics to exact specifications for as- 
sembly with other plastic parts or with 
functional metal parts The transpar- 
ency of the acrylic allows the interior 
workings of the bomber mechanism to 
be seen in their true perspective with- 
out recourse to prismatic projection 
by engineers Instructors are thus able 
to explain in step-by-step detail the 
separate functioning of each unit and 
to demonstrate its relation to the 
whole mechanism 

PENCIL FEBBVLES 
Nadt af Plisiics Stand 
Dp Dadtr Taat 

T HE PENCIL chewer will have to acquire 
a taste for plastics The American Lead 
Pencil Company has been testing plas- 
tic ferrules successfully for several 


years and plans to lecommend them to 
its post-war customers 

The company’s reason for this is 
based on the performance record of 
the Tenite II ferrules under test as 
well as the economies in material and 
manufacturing operations they effect 
Compared to traditional copper alloy 
ferrules and tips made of other metals, 
the plastic pieces are superior in light- 
ness, flexibility, and color appeal 

Two types of these cellulose acetate 
butyrate ferrules are manufactured by 
this company 'The simpler type, used 
in cheaper grade pencils, is a repro- 
duction in plastics of the old metal part 
It is a simple injection molded tube 
anchored to the pencil and to the eraser 
plug by the traditional pnek -punching 
method 

The second type, with glue-anchored 
ferrule, is used on the company’s qual- 
ity products — its Venus and Velvet 
pencils The two ribs of this model, 
separated by a 3/32- inch depressed 
band, serve as borders for a brand- 
identifying colored stripe which is 
lacquered on the ferrule after molding 
No prick punching mars the glossy sur- 
face and except for the lacquering of 
the stripe the ferrule emerges from the 
mold ready for assembling 

BETTER FDRS 

Prodnetd By Using Cktnicals 
Present in Nalnral Fibers 

Sheep in mink’s clothing is the best 
description of a new fur- treating pro- 
cess developed by Dr Jose B Calva, a 
Mexican-born scientist Using his 
method of chemically reacting groups 
already present m the fibers of sheep- 
skin and lambs wool with a reagent to 
form a thermosetting resin, luxunous 
furs can be simulated 

Such added effects as luster, curl, 
water repellence, wear resistance, 
moth-proofing, and an increase m the 
diameter of the filaments, can be pro- 
duced by variations in the reagents 

The process can also be of benefit 
to the luxury furs, adding permanent 
luster, crease resistance, and wear re- 
sistance to rare and fragile skins Other 
applications include the treatment of 
jute, cloth, felt, pile, carpeting, and 
bristles 

The treatmg solution used in the 
Calva method can be applied so that it 
encases the fibers to add certam prop- 
erties without changing the nature of 
the material On the other hand, it can 
be used to alter radically the nature of 
the fiber as in the case of sheep pelts 
In this process, tanned shearlings, se- 
lected for uniform quality, are first de- 
greased and dried They are then 
soaked in water and redried 

Next, the skins are subjected to two 
dippmg operations— first m a solution 
composed of 60 parts by weight of com- 
mercial cresol and 40 parts of a mixture 
of benzol, alcohol, and water, and then 
in another solution of commercial for- 
maldehyde After removal from the 
final bath the skins are put through a 
senes of washings Finally they art* 
dried, and given a heat treatment which 
completes the formation of the con- 
densation products 
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EMOMEEBaifi Conducted by EDWIN LAIRD CADY 


Everything Under Control 


Chains of Control, Developed Through Constant Besearch, Result in Better 
Products, Made Faster and at Lower Cost. MI Industrial Production Men 
Have a Slake in this Important Phase of Mechanical Engineering, to Which 
Teamwork Holds the Key. How Plant Safety is Increased 


M odern factories make better prod- 
ucts than ever before, make them 
faster and sell them for less money, all 
because research has been married to 
control The future of all industry lies 
In that couple research to find out 
what to do, control to make sure it is 
done And of the two, control is prob- 
ably the more important 

Almost any industrial product of to- 
day IS produced under more controls, 
exercised by more people, than the 
production executives of 20 years ago 
would have believed possible Nowa- 
days a finished product is likely to be 
the result of chains of controls, exer- 
cised by groups of engineers who fully 
trust each other although they may 
never meet 

The fabrication of stainless-steel 
products IS a case in point Stainless 
steel, a tough, hard metal which for 
20 years was a headache to any produc- 
tion man who put it through his ma- 
chines, now goes down the production 
Ime with no trouble at all And the 
reason is that the cutting of stainless 
really starts in the junk yard from 


which the scrap for the steel mill is 
purchased 

The junk yard has a laboratory Here 
the scrap is tested, retested, and segre- 
gated as carefully as if it were an in- 
gredient for a medical product Often 
the yard management knows the com- 
plete history of the scrap, including 
the name of the steel mill which pro- 
duced the original metal and the exact 
analysis which the metal was guaran- 
teed to have Fact is added to fact 
until the character of each bin full of 
chips and each bale of stamping trim 
becomes known 

The scrap goes to the mill of a maker 
of stainless steel, such as, for example, 
Rustless Iron and Steel Corporation 
Here scrap of many different analyses 
will be mixed with virgin metals 

It would be easy for the steel-mill 
metallurgist to take so much of this 
scrap analysis and so much of that, 
and estimate that he would come out 
with the mixture he wants But metals 
have ways of producing unexpected 
results when mixed So the metallurgist 
must make sure He takes fair samples 


of all the lots of scrap he intends to 
use, and melts them into an experi- 
mental ingot Separate analyses can 
tell a great deal, but an analysis of 
an ingot tells the whole story 
Now, for a minute, let’s shift the 
scene to the product development de- 
partment of the company which is to 
fabricate this steel 

AIMING AT THE END— Stainless steels 
can be of many different analyses Some 
are difficult to fabricate, oAers very 
vmuch easier The product development 
staff, aided by the sales research group, 
has worked out the exact qualities 
which the steel must have in order to 
result in a satisfactory end product 
They have transmitted this list of quali- 
ties via their purchasing department to 
the steel mill The steel-mill metal- 
lurgist therefore knows exactly what he 
must produce 

The production men are in the pic- 
ture, too Modem machine tools are 
capable of more exact control than any 
previously known to industry, they 
function as they are intended to func- 
tion So the production men tell the 
steel mill exactly how they will fabri- 
cate the metal If necessary, a steel-mill 
sales engineer calls at the plant and 
sees the whole procedure 
This mfoimation means a great deal 
to the steel-mill metallurgist Ma- 
chineability (ease of machining) can 
be compounded into the steel 
But there are certain factors which 
must be observed One of them is tlie 
matter of whether the cuts are to be 
deep or are to be fine Sulfur, as an in- 
gredient of steel, helps machineabil- 
ity on deep cuts and heavy feeds, it 
causes the chips to shear away easily 
and break up readily But if feeds are 
going to be fine and cuts light, seleni- 
um in the steel may be more helpful 
than sulfur And it is possible to vary 
many of tlie ingredients in accordance 
with the work to be done 
With all this information — and plenty 
more — in his hands, the metallurgist 
has his sample ingot put through the 
laboratory Spectrographic analysis uses 
the flash from a carbon arc to excite 
tlie atoms of a tiny bit of metal In 10 
minutes a spectrum photograph sorts 
out the elements by their wavelengths 
and gives a quick but accurate picture 
of what the sample contains And the 
laboratory with its furnaces, bunsen 
burners, hardness testers, and compli- 
cated glassware follows through 
The mixture finally decided upon 
IS weighed out and put mto the electric 



Alr<€oiidSUoning •quipment (locvgrouad) Is often a loborotorr "must" 
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LIKE SHOOTING FISH IN A BARREL . . • There 
was a time when Jap Zeros could ^^sit in the sun'' 
and come in with guns blazing — protected from our 
gunndrs by blinding sunlight Not long ago, they 
had an unpleasant surprise. U« S. Army and Navy 
gunners now have a new Wesfinghouse gunsight 
lamp that lets them fire with deadly accuracy — di* 
rectly into the sun. Formerly, our gunners could aim 
within only 15 degrees of the sun, leaving a dreaded 
"blind spot". This has now been removed — and, 
with It, a lot of Japs 


Lamps of 10,000 difforent typos, using from 1/10th to 10,000 wotts— incandescent, 
fluorescent, infrared, ultraviolet lamps, produced at the rate of opout 1,000,000 
units daily •clomps for seeing, for heating, for fighting disease — wherever 
you see the Westinghouse Mazda Trade Mark, you II find top quality I 



SILF-CONTAINSO SUN LAMP, developed 

by Westinghouse, produces comfortable 
warmth with infrared, as well as beneficial 
ultraviolet rays Mercury vapor, electrodes, 
reflector, and Incandescent filament are 
sealed in a reflector bulb of special glass, 
which screws Into any lamp socket. 


3000 . . Vital '^celling'' infor- 
moHon \$ provided for American ftlers by 
ilghfing dtv1ce> which "drows p 
btod"' on o eloyd llloffiinated by^gloid 
Westfnghouit leorthilghh Height Is rofd 
dirftlly In hundreds gf feet 



HAM AN' . . . New seaied>beam landing 
lights for army bombers are so powerful 
that a Westinghouse engineer actually 
cooked a meal on the surface of an up- 
turned lens Infrared rays did the trick. 


Tune in 

JOHN CHARLES THOMAS 
Sunday, 2 30 pm, EWT, NBC 


A^stin^house 



etANTS IN 25 CfTIffS 


orricfs fvierwNief 


Tune in TED MALONE 
Mon Wed Fri 10 IS pm, EWT, 
Blue Network 
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ful nace And here the control is as ex- 
act as it can be made No longer does 
the steel man judge the temperature 
with his eye and the time for pouring 
byihe behavior of the gases A pyrom- 
eter with its thermocouple in the fur- 
nace measures the temperatui e, and the 
tuning of the pouring is as carefully 
(Controlled as science can make it A 
small sample ingot is poured so that its 
temperature can be taken separately 
and the metallurgist can have a com- 
plete record Upon bits of evidence 



Courteny Robart Oalr Ck)mpan7 

Modem packaging design requires 
application of itructural engineering 


taken from such samples will be built 
tomorrow’s improvements in metal- 
lurgy 

When the bars have been rolled and 
checks made to be sure they are of 
the intended analysis, another matter 
important to machmmg is taken care 
of— the surfaces of the bars are pre- 
pared 

CONTROLLED PICKLING— In recently 
bygone days, steel was pickled just 
enough to take off the scale, and that 
was that Or it might be cold drawn or 
cold rolled for accuracy and to improve 
its surface quality But every modern 
machinist knows that the skin of that 
steel, and what the tool has to do to 
get through the skm and start its cut, 
can make big differences to machmmg 
costs 

For one machimng operation the 
Stainless may be pickled lightly, the 
tools will not enter too easily an(i ac- 
curacy will be preserved on light 
cuts For another the pickle must be 
deep, some kinds of tools simply will 
not take hold on a lightly pickled 
skm Centerless grinding produces 
highly accurate bars, easy to turn mto 
accurate parts, and with skins which 
invite top-speed machmmg Cold draw- 
mg and other finishes have their places 
too The pomt is, the steel fabricator 
gets the exact kind of surface which 
will best suit his machmes, tools, and 
methods 

In his lathe, then, the machinist Ends 
a bar which has been made exactly 
right for his task by control based up- 
on research But control is not yet fin- 
ished. 

Quite independent of the steel makers, 
the manufacturers of cutting oils and of 
tool steels have been carrying on their 
own exquisitely careful 'controls The 


machine is equipped with oils and with 
tools exactly worked out for machm- 
mg stainless steels The oils usually 
are sulfur-bearing, the tools the hardest 
obtainable while avoiding any brittle- 
ness The stainless will impose heavy 
tool loads, if it was not hard and tough 
enough to do this it would not be dur- 
able enough to serve m many of the 
products made of it 
Around him the machinist sees an 
array of instruments which would have 
bewildered an old-timer His cuttmg 
oil is kept at an exact temperature, 
sometimes as high as 150 degrees, Fah- 
renheit, and there is a thermometer to 
show him what that temperature is 
An electric meter shows him the 
amount of power his machine is using, 
if its needle does not point to the cor- 
rect figure for each cut then he knows 
that something is seriously wrong Dial 
gages follow every cutting tool, the 
machinist knows instantly if his work 
IS becoming inaccurate And at his 
elbow may be an array of inspection 



Courtesy Rustless Iron and Steel Corporation 


Pouring a tost ingot 

instruments ranging from micrometeis 
and magnifying glasses to special tem- 
plates and fixtures, no matter how 
many other men may be exercising 
controls, the individual responsibility 
of the machinist never diminishes 
Unlike his old-time predecessor, the 
machinist does not lubricate his own 
machme, test his own cuttmg oil, nor 
adjust his own lighting These matters 
are too important to overall control 
to be entrusted to any one man A 
special maintenance gang does the 
lubricating, and does it with special 
equipment which apphes the correct 
lubricants and keeps them perfectly 
clean Laboratory men check the cut- 
ting oil, chemical and physical tests 
are made with instruments Lighting is 
a job for experts, the exact number 
of foot candles at every work plane, 
coupled with methods of preventmg 
optical illusions and glare, all have 
been worked out by research Clean- 
ing the chips from the machme is a 
task by itself, those chips must be 
segregated, metal by metal and alloy 


by alloy, so that the cycle which started 
with the junk yard may be kept under 
control The very cleanmg of the floor 
about the machine is done with vacu- 
um scrubbers which operate with 
machine tool precision 

And so stainless steel has hundreds 
of uses where it formerly had dozens, 
all because the close control of all fac- 
tors has made its fabrication easy 

CONTINUOUS CHECK UP— Control by 
continuous laboratory check-up is an- 
other method which makes modem 
industry more effective A fiber carton 
maker, such as the Robert Gair Com- 
pany, is an example 

A fiber carton really starts its life 
with a study m structural engineer- 
ing Every part of the item to be packed 
must be protected and supported, the 
item must be made to contribute as 
much strength as possible to the fin- 
ished package, no weak part of the 
Item may bear any heavy load, and the 
stresses must be distributed through- 
out the package so they do not con- 
centrate at any point In fact, a high- 
way bridge can be built with less 
schematic engineering than goes into 
many a package But when that struc- 
tural engineering is finished, the prod- 
uct packaged will arrive safely at its 
destination 

The materials of which the package 
IS made must be exactly as specified or 
the structural engineering will be use- 
less Therefore laboratory control of 
those materials starts with the pulp 
wood, waste paper, and other raw ma- 
terials and never stops imtil the fin- 
ished fiber board is bemg fabricated 
into packages 

There is a small laboratory, or at 
least a laboratory man with the neces- 
sary equipment, at every important 
machme and process The laboratory 



OourtMy Ruatlaea Iron and Steel Corporation 
Checking tensile strength of steel 


man makes continual checks He does 
not tell the production man what to 
do nor how to adjust his machmes, 
but merely informs him of the immedi- 
ate condition of the work in process 
The production man has at his finger 
tips a series of highly sensitive con- 
trols He can change the amount of 
power bemg supplied to the machines 
and thus vary the amounts of work 
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Courtesy Rustless Iron and Steel Corporation 

Corl^n determinations by the 
oratory control the quality of steel 


being done on the stock He can change 
temperatures, speeds, timings, the 
amounts of water being fed, or the in- 
gredients in use Standing at the push- 
button control station for a sequence of 
machines hundreds of feet long, he can 
change the coordmation of that se- 
quence to get more speed here, less heat 
^ere, higher pressures elsewhere 
A master laboratory does the final 
testing and lays down the original spe- 
cifications by which the production 
men work *11118 laboratory continually 
tests the finished board, and may 
change its working specifications for 
any step in the production sequence 
Without this hand-in-hand working 
of laboratory and production men, 
thousands of tons of stock might be 
spoiled, or packages might have to be 
made bulkier, heavier, and far more 
costly in order to compensate for the 
wealuiesses of faulty fiber board But 
control is havmg its usual results 
Packages are far better than ever be- 
fore, and far less costly 

INSTRUMENTS TAKE OVER— Instruments 
are being used more widely than ever 
before to inform production men of how 
processes are working, and even to 
control the work directly In fact, the 
1930s are becoming known as the “m- 
struments decade” during which me- 
chanical and electrical controls dis- 
placed the five human senses as means 
for control And the pace at which m- 
stnunents are taking over is now much 
faster than in the ’30s. 

In everything from bakeries to brass 
mills the weather can affect the per- 
formance of processes, therefore in- 
struments continually interpret the 
changes in weather and change the ad- 
justments of process controls Many 
plants making chemicals, paints, and 
like products are subject to wide fluc- 
tuations m the amounts of heat and 
power needed, instruments mounted at 
important machines interpret the con- 
ditions of the materials m process, 
translate their interpretations into pre- 
dictions, and relay their readings to the 
power plants so that changes in the 
amounts of power and heat supplied 
may be made in advance of needs 
Instruments stand guard over hun- 
dreds of different kinds of explosion 
hazards, poisonous fumes hazards, and 


other dangerous processes, they are 
largely responsible for the fact that, in 
spite of its vastly multiplied potential 
dangers, industry is safer than ever 
before 

More than one highly complex se- 
quence of machines is completely 
walled in so that its operators cannot 
touch it Instruments do all of the con- 
trolling Pushing a control switch but- 
ton results in changing the settings 
of instruments, and the instruments in 
turn actuate the mechanisms which 
change the process controls 

And this is the future of manufac- 
turing Industry will grow by research, 
because research will be made useful by 
continuing development of control 
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FUEL ECONOMIES 
Reflected by Bedaced 
Haslage ef Coal 

In 1918 the United States railroads 
hauled five tons of coal per capita per 
year In 1943 (both years were war 
years) it was only 3 6 tons Neither 
figure includes the coal hauled for 
burmng in the railroads’ own locomo- 
tives 

Very little of this decrease is repre- 
sented by the substitution of fuel oil, 
gas, or other fuels Any inroads these 
substitutes may have made into coal use 
are enormously overbalanced by the 
increased burning of fuel for power 
generation by public utilities and by 
factories alike 

These figures are direct indicators of 
how far mechanical engineering has 
progressed in getting more heat out of 
the same amount of fuel and making 
more efficient use of the heat after it 
IS obtamed 

UPSETTDIC UPSETS 
Show DoliBllo Colas 
to Fonaiaf Noiol Ports 

In the many-sided “battle of the proc- 
esses” for forming metal parts, up- 
setting IS obtaining a large share of the 
field While not used as often as casting, 
cutting, extruding, or drawing, it 
nevertheless is makmg rapid strides 

One contnbution to upsetting prog- 
ress is harder and better metals for 
dies This means that more heads or 
other shapes can be upset on soft stock 
before tools must be replaced, and that 
harder metals can be upset economi- 
cally 

The use of controlled atmosphere 
furnaces for heating parts which are to 
be upset has greatly promoted the art 
Formerly, scale from exposure to oxy- 
gen in the air was a serious problem 
to parts which were to be hot-upset 
Now such scale can be prevented 

Resistance heating of parts, so that 
the upsetting takes place at the very 
instant the parts were ready for it, is a 
development onginatmg a few years 
ago The heating is done with the parts 
actually m the dies and the whole pro- 
duction cycle can be finished and the 


parts in the quenching bath before 
scale gets much chance to form 
Induction heating is making upsetting 
practical for large masses of metal In 
the Chevrolet Saginaw forge plant, for 
example, the hub ends of aluminum 
propeller blades are induction heated 
in three minutes for upsettmg, com- 
pared to two and one half hours needed 
to heat them by gas Such gains in 
speed will lead to the use of upsetting 
processes on many more large parts 

INDUSTRIAL PROTECTION 
Beug Adapltd by a 
Nnmbar ol Organixailons 

Devices for the protection of work- 
men promise to become a major indus- 
try by themselves Many of the most 
forward-looking compames are well in 
advance of the state and national laws 
in their use of them 
Westinghouse Electric and Manufac- 
turing Company, for example, uses an 
ultra-violet lamp to kill any fungus 
growths which may have been left in 
safety shoes during fitting trials 
Another Westinghouse ultra-advanced 
method IS the wearmg of a piece of 
photographic film in the pocket of a 



Vest-pocket film protects worker 


man who works with x-ray tubes Once 
a week this film is inspected If the 
woiker has been exposed to the danger- 
ous x-rays, the film will be clouded 
Search is then made for the source of 
the danger, and correction is completed 
before the man resumes work 

WELDED CONSTRUCTION 
ApplicabU to a Nambar of 
Dilforoiit Types of Projocls 

A DIVERSIFIED application of electric 
arc-welding to practically any type of 
steel construction for projects adaptable 
to peace-time purpose*; is forecast in a 
recent issue of Construction Methods 
An all-welded steel swimming pool is 
durable and usable with little care An 
all-welded storage sphere for liquefied 
natural gas kept at a temperature of 
— ^258 degrees, Fahrenheit, has been 
constructed with an inner sphere 
welded of a special alloy steel, using a 
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8hielded*arc electrode specially dc- 
rigned for welding various stainless 
steels. This procedure guarantees 
that the containers can be kept at ex- 
tremely low temperatures widiout fear 
of fracture. After the war, liquid 
natural gas may be shipped in tank 
cars, barges, and ships, makmg this im- 
portant fuel available in many ad- 
ditional areas 

An all -welded bus garage of ex- 
tremely light construction is provided 
with long-span trusses, permitting a 
large, unobstructed repair area under- 
neath without vertical support A spe- 
cial tank, or ‘Vertical bullet,” used for 
the storage of highly volatile gases in 
the petroleum industry has been built 
by arc-weldmg Increased use of high 
octane gasolines after the war may 
cause a growth In this type of fabrica- 
tion 

Welded fabrication has been found 
to reduce maintenance materially and 
give a factor of safety in a rigid-frame 
all-welded steel building The com- 
pleted structures cost substantially less 
than was mdicated by bids for other 
conventional types 

COBIIEBSTONES 
Aid in htproviag 
Indntfrial Ctasiraellon 

Mew industrial materials come along 
so fast nowadays that many a plant 
management has trouble in keeping 
track of what materials were used for 
vanous purposes so it can know what 
values each material proved itself to 
possess 

One user of high- temperature proc- 
esses has to tear down its furnaces 
when they are badly worn It has 
trouble, however, in remembering what 
materials were used in them, since 
the life of a furnace between tear- 
downs may be more than two years 
The problem has been solved by put- 
ting, in a corner of the furnace remote 
from the heat, a hollow block in which 
IS placed a list of materials used, the 
building method, and blueprints Com- 
parisons of these data with the repair 
and maintenance records, and with the 
condition of parts of the furnace when 
torn down, give the data needed for 
more durable rebuilding 

LAMDING STRIPS 
Will Land New Jobs in 
Many Indnstnos 

T HE STEEL landing strips which are laid 
on the runways of new military air- 
ports, on invasion beaches, and the like, 
may have an important peace-time fu- 
ture 

One expected use is for secondary 
roads The steel strips are laid, then 
filled in with mixture^* of sand and oil, 
rubble and tar, and the like 
Hoads of this type may be laid for 
temporary as well as permanent use 
When a mam arterial highway is bemg 
rebuilt, for example, the “one way 
only” and “pass at your own risk” 
strips which contractors must keep open, 
are as expensive to contractors as they 
are bothersome to motorists Much of 


this trouble may be saved by laying 
temporary landing strip roads, and the 
method may pay for itself out of savings 
in the costs and time needed for re- 
building the main roads 
Some types of factory floors offer 
other uses Where there are heavy 
castings which must stand and cool, 
for example, a readily replaceable mat 
of heat-dissipating steel beneath a 
shielding layer of sand may offer great 
advantages 

Chemicals and other plants which 
make use of process muck to fill in 
swamp or waste land, are eyemg these 
landing strips with favor The strips 
will permit temporary roads to be laid 
for dump trucks, make the handling 
and pilmg of the muck for the smooth- 
ing bulldozers easier and less costly 

SALVAGED BTDs 
Show Profits to 
Far-Sighlod ladostriof 

Industry is coming out of this war 
with greatly advanced techniques for 
salvaging and using heat umts 
More heat than ever before is being 
generated in melting, grinding, welding, 
and other processes Less of it is being 
wasted by exhausting heated air to the 
atmosphere or rimning heated liquids 
to the sewer 

One long-time technique is to run 
dust laden air from grinding machines 
through filters, remove the silicosis- 
dangerous dusts, then return the 
cleaned air to the work zone Since 
the air has been heated largely by the 
friction of the grinding operation, the 
BTUs contained m it are salvaged 
materials The savings in plant heat- 
ing bills often pay for the cleaning 
of the air and then show a profit One 
electrical products plant estimates that 
it saves 800 tons of coal a year in this 
way 

Anotlier method is to run water, 
heated while cooling rolling mills, di- 
rect to metals washing tanks which 
must have their water supplies kept at 
above 150 degrees, Fahrenheit 
Offices, and even the nearby homes 
of workers, are heated by steam or hot 
water piped from heat-pioducing pro- 
cesses The water is recirculated to the 
process tanks 

Waste heat is used to preheat metals 
before flame cutting, to heat thermo- 
plastic materials before molding, to 
preheat metals before abrasive blasting, 
to heat baths used in plating, to heat 
water used in the processing of textiles, 
and for dozens of other purposes 
Often the salvaging of heat units adds 
tiny weights and secures delicate bal- 
ances in the economies of the produc- 
tion line — economies which pay off in 
their total effects upon profits 

REMOTE CONTROL ON THE HOOF 
Enables Operator to Select 
Advantageons Observation Post 

As MORE and more machines are con- 
nected together into continuous pro- 
cesses and as mile-long continuous 
conveyor systems become common- 
places, the problems of remote control 


and of mid-pomt temporary adjust- 
ments of speeds, and so on, are on the 
rise. 

The most common control method is 
to have variable-speed motors, vari- 
able-speed power transmission drives, 
and the like, spotted along the chain 
of integrated machines Skilled opera- 
tors then can change operating speeds 
as needed to keep the continuous pro- 
cess functioning. 

One trouble with this has been the 
tendency for unskilled men to monkey 
with the controls Often the adjust- 
ments m operating speeds, although 
made with the utmost of good inten- 
tions, have very bad effects. 

Another trouble is that it may be 
impossible to locate a push-button sta- 
tion at the best post of observation 
for the operator, since that post is 
wherever the trouble — the conveyed 
material pile-up or whatever — occurs, 
and this is largely a matter of chance 
One way of handling both troubles is 
to hang a push button electrical switch 
box on the belt of the operator Leads 
from this plug-in at the control stations, 
and since no other buttons are located 
at these stations, unauthorized person- 
nel cannot operate the controls 
The operator carries spare lead wires 
which are long enough so he can plug- 
in at the regular control station and 
then stand several feet from the sta- 
tion while manipulating his switches 
He thus can do his controlling from 
a place which gives him the best view 
of the trouble he is correcting 

WOODEN DIE BLOCKS 
Are ItttxpeBsIvt and 
Increase Speed 

Wood fiber processed by the Mason- 
ite method is capable of being given 
wide varieties of hardness, weight, wa- 
ter absorption, and other character- 
istics Many of the resulting products 
are military secrets, but one which has 
come to light is the wooden die block 
This block IS compressed to such 
hardness and weight that it will not 
float in water But it can be cut and 
shaped to a smooth fimsh and it will 
hold its shape under changing tempera- 
tures 

One principal use is for dies on metal 
spinning machines The wooden block 
costs only a few dollars to finish into a 
die, whereas metal blocks may cost 
hundreds of dollars Once shaped, the 
wooden block provides a surface over 
which the metal flows very easily, in 
some cases materially decreasing the 
labor and increasing work speed 
Large pieces, such as sections of air- 
plane wings, also are shaped over these 
blocks The use of wood in large sized 
bending brakes is old in the sheet metal 
art, many mechanics preferred the 
friction characteristics of metal over 
wood to metal bent over metal One 
of the old troubles was the non uni- 
formity of the wood With this new 
product — and perhaps other wood dies 
to be made of lumber prepared by the 
new Du Pont and offier processes — 
wood may be an important factor in 
the tools of the mtricate shaping sheet 
metal mdustry of post-war days 
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lA» »yntii«tic nibb«r induftry li a product of chemical reieorch. This partial 
▼lew of Koppers United Company's Eobuta plant gives on idea of Its immensity 


CIEMISTBT IN fflDOSTRY 

Conducted by D H KILLEFFER 

Where Research is King 


In the Chemical Indutries More than Any Other Field, Research b the 
Basis of Ail Progress and Profit. Outstanding Among its Achievements 
Has Been the Drastic Lowering oi Prices on a Long List of Materials 
Dsed Widely in Production, with Consequent Benefit for All Rnmanity 

By F J VAN ANTWERPEN 

ABsociate Editor Industrial and Enginetring Chemistry 


T here is nothing m chemistry today 
that research has not affected This 
IS another way of saying that there is 
nothing m your life which has not 
been influenced by this same force 
Research has been defined as “a state 
of mind ” The field of chemistry, with 
its many offshoots — industrial as well 
as theoretical — ^well represents this 
state of mind Fortunately, this state of 
mind has paid immense dividends both 
m dollars declared to stockholders and 
m discoveries basic to progress 
Although research is continually con- 
cerned with the development of new 
and better things for mankind, not the 
least benefit to come from the applica- 
tion of the research method is the re- 
duction of prices to the consumer The 
chemical industry is a long-time 
champion in this respect 
It was said recently that the cost 
of triptane — marvelous new fuel — was 
$1000 a gallon when it was first pro- 
duced on a laboratory scale Pilot-plant 
trials brought the cost down to ^5 a 
gallon and recent experiments have 
perfected a process that is going to 


make this tremendously powerful gaso- 
line for less Ulan a dollar a gallon 

COST REDUCTIONS— Reseaich has also 
lowered the prices of certain chemicals 
as follows 

Acetanilide cost 66 cents a pound m 
1918, now it costs less than 23 cents 

Acetone cost nine cents m 1934, it 
IS priced at four cents now 

Ammonia has been halved in price 
in 30 years 

Aspiiin fell fiom $3 26 m the last 
war to less than 47 cents in this 

Cellophane cost $2 65 m 1924 and 
research has reduced this to about 30 
cents today 

Coal-tar dyes, short in 1918 at $1 07 
a pound, are plentiful today at about 
61 cents a pound 

Benzyl alcohol reached the stratos- 
phere duiing the World War I sliortage 
at $6 25 a pound With the proper 
priorities you may buy it now at 51 
cents 

Chile, at one time, with a comer on 
iodine in the world marts, forced the 
price to well over $4 00 a pound Sev- 


eral chemists out west, noticing tliat 
oil-well brines had a high iodine con- 
tent, devised a process to recover this 
halide and Chile’s monopoly was 
crushed for all time, as was the exorbi- 
tant price 

When dry ice first appeared the price 
was close to 4 cents a pound, by 1939 
it had come down to 1 5 cents 

In SIX years cellulose acetate prices 
fell 20 cents a pound 

Hydrogen gas has dropped from $6 85 
to $1 38 a thousand cubic feet in 10 
years 

Obviously, only the application of 
intensive and deliberate research could 
produce icsults such as those described 
above It is a long cry from the attitude 
of early industry when manufactur- 
ing was an art, techniques were handed 
down from father to son, and not a 
]ot or tittle could be changed Today, 
research deliberately attempts to find 
improved manufacturing methods and 
cheaper and more available raw ma- 
terials — all dedicated to making a fin- 
ished product that will be accepted 
more readily by the public Research is 
a powerful tool that is busy at all 
times creating new industries and new 
comforts for mankind 

UNPREDICTABLE RESEARCH— Arthur D 
Little, one of the men in America who 
sold the necessity of research to indus- 
try, once said that research had one 
characteristic in common with lightning 
— one never knew where it would 
strike In analyzmg that statement 
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anothei aspect of research is seen — 
that, even though research is generally 
planned along certain lines, the results 
are never certain and a successful re- 
search organization must be able to 
capitalize on whatever new facts are 
turned up 

Chemical research has always been 
able to do this, from the day when the 
boy who was later to become Sir Wil- 
liam Pei kin, trying to synthesize quin- 
ine, found the coal-tar dye industry 
in his test tube, down to the present, 
when a food concern improves me- 
chanical greases or discovers a mate- 
rial that will purify water 

In early 1939 several German scien- 
tists toured the country inspecting the 
industrial plant of the United States 
and at the end of the tour they were 
asked what had impressed them most 
m all they had seen Their answer is 
a tribute to the greatest institute that 
has ever been developed for research, 
the thing that filled them with envy 
was the Mellon Institute and the close 
co-operation which it fostered between 
research and industry To them that 
was the crowning achievement — only 
to be found m a countiy where indus- 
trial progress is a continuing thing — 
upon which general prosperity is de- 
pendent 

There is nothing new in organiza- 
tions dedicated to lesearch The Ger- 
mans had them The uniqueness was 
to be found in the co-operation between 
industry and the scientist — proof that 
the intangible basis of research a 
state of mind The donors of the money 
that founded the Mellon Institute had 
recognized that lesearch was a neces- 
sary condition to the general welfare 
of the country Andrew Mellon said 
‘Tt is science, not governments nor 
wars of conquest, that opens up to 
us new horizons ” Mellon recognized 
other truths concerning business and 
science when he stated that “improve- 
ment in the standard of living of the 
human race can come about m the 



A Genercdi Motors' Dlosol on a tMt 
stand whore many thonsands of hours 
wsrs spent on lubrlcotlon research 


future only by reason of new discov- 
eries and inventions, just as in the 
past the steam engme and other inven- 
tions have been responsible for many 
improvements m the standard of living 
enjoyed by the average man today It 
IS these things and not governmental 
or political action that have increased 
production, lowered costs, raised wages, 
elevated the standard of living, and so 
have brought about a greater participa- 
tion of the human race m these bene- 
fits “ 

FINDING THE UNSOUGHT - Chemical 
research as practiced at the Mellon 
Institute has fully met the expectations 
of the founders One example will be 
given — the most famous, perhaps, of 
any example that could be chosen to 
illustrate research and the queer twists 
that may be expected from it As in 
many research problems, the chemist 
was looking for one thing and found 
another 

Dr George O Curme, working for 
the Prest-O-Lite Company on an in- 
dustrial fellowship, was seeking belter 
ways to produce acetylene, the gas 
used in oxy-acetylene welding and 
cutting torches The method then m 
vogue for generating the gas depended 
upon the reaction of water on calcium 
carbide 

Currnc soon found that acetylene 
could be produced by cracking gas 
oil The one drawback was that ethylene 
— an unwanted by-product — was formed 
also If the process was to be eco- 
nomical, It was necessary that an 
industrial use be found for ethylene, 
and research was started to find some 
outlet for that by-product The out- 
come was the anti-freeze that you 
probably use in your car — ethylene 
glycol This same material is also 
used m the explosives industry and 
IS serving purposes entirely new to the 
arts Its ethers are ideal solvents and 
are finding irreplaceable (until fur- 
ther research topples them) applica- 
tions in the lacquer field And from 
the researches on acetylene has today 
grown the mighty Carbide and Carbon 
Chemicals Corporation 

The list of chemicals developed by 
this corporation from the application 
of mtensive research methods is longer 
than your arm The young man who 
made the original discovery is a vice 
president of the organization and still 
its sparkplug m research Upon these 
basic researches is founded an indus- 
try producing organic chemicals from 
petroleum gases The same Carbide 
and Carbon Chemicals Corporation has 
been making ethyl alcohol from the 
ethylene of natural gas for many years 
This was another triumph of research, 
for it had been predicted freely that 
such a process would never be econ- 
omical in the face of alcohol from 
fermenting blackstrap molasses Re- 
search paved and proved the way 

PROFITABLE BY PATHS— The paths along 
which the state of mind just exem- 
plified may lead a company are strange 
indeed The Eastman Kodak Company, 
conducting research on problems basic 
to the photographic business, found it- 
self with a highly successful means of 


producing vitamins A technique that 
was mvestigated by the Eastman labo- 
ratories was that of high vacuum dis- 
tillation The investigators soon found 
that the methods, developed for 
the study of a problem dealing with 
ways to improve the taking of a pic- 
ture, were also conducive to making 
vitamin A by the distillation of na- 
tural oils 

The same company is a large pro- 
ducer of cellulose acetate yarn — a busi- 
ness that stemmed from production of 
safety film And that compound pays 
dividends from its use as a thin, 
transparent wrapping material 

The photographic business leads in- 
evitably to plastics, for the inventor of 
the phenol-formaldehyde type plastics, 
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Courtesy Westinghouse 

Research is seldom wasted. This 


eloborate setup wos made for the 
purpose of testing the insulating 
quolities of paper used in radio con- 
densers under extreme heat and cold 


Baekeland, was also the inventor of 
Velox photographic printing paper If 
any industry can be considered a prod- 
uct of research, certainly the plasties 
industry can be It began when a 
young man experimented until he 
found a substitue for ivory, and re- 
ceived its great impetus when Baeke- 
land invented, through research, his 
famous plastics The industry is con- 
tinuing on the same basis — research — 
and IS making the older plastics strong- 
er and cheaper, the same state of 
mind IS bringing out more and more 
new plastics for newer applications 
The ancient and honorable field of 
textiles also yields to the orgamzed 
search for knowledge and improve- 
ment An example from this field 
serves again to illustrate the tenet that 
everything is grist for the research 
mills A textile chemist has no real 
business worry mg about the tarmshing 
of silverware, but the intellectual 
curiosity of such men will always pro- 
vide progress Silver tarnishes because 
the sulfur gases in the air combine 
with the silver to form silver sulfate, 
the black film that sends good house- 
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wives into dithers One solution hit 
upon was that of impregnating a flan- 
nel bag with metal salts, but research 
soon proved that the sulfur that formed 
as a sulfate on the metal salt moved, 
in time, to the interior of the bag and 
caused an even greater formation of 
film The final answer to the dilemma 
was to saturate the flannel with silver 
itself, and millions of the tiny pieces 
of metal are incorporated into each 
bag The sulfur in the atmosphere 
combines with the metal in the bag 
and the result is to protect the eating 
implements Lightning strikes in strange 
places and a state of mind can lead 
along unorthodox paths 

BASIC RESEARCH— There is an untold 
debt that civilization must acknowledge 
to sd-called basic research The de- 
velopment of nylon owes its success to 
the pure research done by Carothers 
in the field of polymerization The syn- 
thetic nitrogen industry traces itself 
back to the experiments made by 
Dewar on the liquefaction of air, and 
the glowing neon signs that light up 
the city are direct descendents of Sir 
William Ramsay’s experiments on the 
densities of nitrogen 
Can anyone adequately sing a paean 
of praise to a force that has to its 
credit the many chemical wonders that 
are seen on every side^ In two wars 
research in the chemical field has 
fought to a standstill the shortages 
thicatened by blockade In World 
War I there were shortages of dye- 
stuffs, potash, drugs, anesthetics, and 
many other materials In this war 
the shortages were rubber, tin, anti- 
malarials, and high-octane gasoline, 
and additional manufacturing capacities 
for aluminum and magnesium had to 
be provided In each case the victory 
was won Research proved it could 
be done and industry proceeded to 
fill the empty warehouses 
The story of research is always dra- 
matic In the last war there was an 
acute shortage of aniline According 
to the Germans, we could not hope 
to make this material because benzene 
from American coal wasn’t the right 
kind This palpable nonsense im- 
pressed our chemists not one bit, and 
by 1917 we were produemg 37 million 
pounds of aniline per year Research 
is, after all, only observation and 
deduction, and these qualities brought 
a happy solution to a serious problem 
Research may be a key to the un- 
known, but it IS a key that requires 
a great deal of turning Results in 
research are not usually obtained by 
waving a wand or appointing a crew 
of chemists as research workers Re- 
sults are usually obtained by the in- 
vestment of patient money over a 
long period of time 
No story on research illustrates this 
better than the discovery of tetraethyl 
lead by Thomas Midgley, Jr, who was 
one of America’s most capable chem- 
ists and who recently died a tragic 
death 'The discovery of tetraethyl lead, 
according to Midgley, is only one part 
of another major research problem 
still continuing — the improvement of 
the automobile Even after tetraethyl 
lead was discovered, there still re- 


mained the problems of reducing pro- 
duction costs and proving beyond ques- 
tion that there was no health hazard in 
Its use 

In the words of Midgley, tetraethyl 
lead was a “tough uncompromising 
problem possible only because 

courageous corporate executives had 
the foresight to invest large sums of 
money and continue backing an idea 
when less astute minds might 
have dropped it With only slightly 
diffeient circumstances the whole proj- 
ect of ethyl might have been written 
off at one time as a $3,000,000 flop ” 

Such IS research Truly, it is a state 
of mind found only m men who will 
back to the hilt an investigation into 
the unknown, looking for an intan- 
gible something that will solve a prob- 
lem not vet defined, to give to man- 
kind benefits they do not expect 

RESEARCH IN WONDERLAND— There is 
a delightful bit of nonsense in Lewis 
Carroll’s “Through the Looking Glass’* 
which may well represent all indus- 
trial research Alice was in the garden 
of live flowers talking to the Red 
Queen Suddenly they both were run- 
ning hand in hand (From here on the 
Red Queen is Research and Alice is 
the Public or Industry or what have 
you) The Queen went so fast that 
Alice could just about keep up Still 
the Queen kept crying, “Faster’ 
Faster’” The most curious part was 
that the trees and other things around 
them never changed places at all 
However fast they went, they never 
seemed to pass anything “I wonder 
if all the things move along with us*^” 
thought poor puzzled Alice And the 
Queen seemed to guess her thoughts, 
for she cried, “Faster’ Don’t try to 
talk’” 

Finally Alice managed to pant “Are 
we nearly there^” “Nearly there’” 
the Queen repeated “Why we passed 
it ten minutes ago’ Faster’” On they 
went, the Queen urging “Faster Faster” 
—and at last when they did stop Alice 
discovered that they hadn’t covered 
any territory at all — they were yet in 
the same place Upon commenting 
upon this phenomena, Alice was sur- 
prised to hear the Queen say that it 
was what one could expect 

“Well,” said Alice, “in our country 
you’d generally get to somewhere else 
— if you ran very fast for a long time, 
as we’ve been doing” 

“A slow sort of country,” said the 
Queen “Now here, you see, it takes 
all the running you can do to keep m 
the same place If you want to get 
somewhere else, you must run at least 
twice as fast as that’” 
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Ion-exchange resins have a possible 
new war-time use, it may now be re- 
vealed Newest application of these 
chemical materials promises to be the 


purification of pectin and gelatin for 
use in the preparation of substitute 
blood plasma Substitutes for blood 
plasma are being developed because of 
shortages, and present indications are 
that pectin and gelatin will serve as 
temporary and partial replacements 

The lon-exchange materials elimi- 
nate unwanted salts from supplies of 
the substitute blood Salts which can 
be eliminated are calcium, sodium, ar- 
senic, and lead It is possible, through 
the use of the ion exchangers, to elimi- 
nate completely the salts normally pres- 
ent in water, the finished product being 
similar to distilled water The present 
application is a continuation of that 
technique 

FAT SAL?AGE 
Has Averted a 
Seap Shortage 

F ATS and grease saved by the house- 
wife come back to her m the form 
of soap The successful campaign to 
collect these materials from the homes 
of America has paid a handsome divi- 
dend to the citizens by preventing a 
soap shortage 

The war, which cut off the normal 
supply of coconut oil, presaged a diffi- 
cult time for the soap maker He has 
been forced to use substitute oils and 
fats, and the changes have m many 
cases forced a revision of formula Lard, 
a fat seldom used in the soap field, was 
one of the materials that offered itself, 
and 74 million pounds were used in 
1943 Resin entered into all soaps for a 
time, but shortages have cut into its 
use 

The housewives, above all, helped 
considerably and the amounts of 
kitchen grease normally consumed by 
the soap industry have been increased 
54 percent At the same time, materials 
obtained from the waste fats have done 
then job in munitions and medicinals 
pioduction 

CLASS TONOBBOW 
Will Ptrfam Naaf Btw 
And Strange Bnllts 

A POST-WAR age of glass, in which new 
and strange duties will be performed by 
that material, is predicted by Profes- 
sor Alexander Silverman, head of the 
Department of Chemistry of the Uni- 
versity of Pittsburg and one of the 
nation's leading authorities in glass 
technology 

Glass will be used to reduce heating 
costs, to bring clearer movies, to help in 
the cooking of dinners by lamp radia- 
tion, and possibly to harness the sun’s 
rays for heat and power, according to 
Professor Silverman 

The glass industry, he said, now val- 
ued at $500,000,000 in the United States 
alone, has made more progress in 
manufactuie and technology in the last 
50 years than in the thousands of years 
before The war, Professor Silverman 
adds, has hastened many developments, 
most of them yet secret, that will brmg 
transformations in the everyday mode 
of living 
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Of OTHEI FIELDS Conducted by The Staff 


Research In Metal Heating 


Cheaper and Tougher Metal Parts tor Many Uses are Expected to Follow 
as a Resnlt of Research at a New Laboratory lor the Development oi Wider 
Applications of Righ-Freqnency Induction Heating to the Tasks of Metal 


Hardening, Brazing, and Annealing 


W IDER fields for induction heal-treat- 
ment of metals are expected to be 
opened as the result of the recent 
completion of a new high-frequency 
experimental laboratory by the Tocco 
Division of The Ohio Crankshaft Com- 
pany Its facilities enable full-scale ex- 
perimental work on applications for 
the hardenmg, brazing, annealing, or 
heating for forming of both ferrous and 
nonferrous parts of varied size 
Power supplies available in the lab- 
oratory include 333 kilowatts of 1000 
cycle current, 1000 kilowatts of 2000 cy- 
cle current, 300 kilowatts of 3000 cycle 
current, and 335 kilowatts of 9600 cy- 
cle current Power is controlled by a 
four-way standard-type panel board 
governing each of four generators that 
produce the high-frequency current 
Experimental induction machmes are 
of varied styles and capacities, the 
most distinctive being an eight-station 
panel-type umt of 9600 cycles, 25 feet 
long and six feet high, having automatic 
controls Each station is equipped with 


a different turn-ratio transformer for 
maximum experimental usefulness 
Here various tests can be run simul- 
taneously without interference or de- 
lay Physical dimensions of the work 
area of this large umt coincide with 
standard Tocco machines, facilitating 
development and testing of new fix- 
tures and inductors 

The progressive hardenmg of bars 
and tubing is carried out on two ma- 
chines, one hydraulic and the other 
mechanically controlled In the me- 
chanical style the piece remains sta- 
tionary while the inductor moves up 
along the bar to be treated These two 
units, which really are fixtures operat- 
ing on 9600 cycles received direct from 
the generator, have facilities for obtain- 
ing maximum range of speed and power 
depending upon requirements of parts 
under test 

Experiments on big parts, crank- 
shafts, steam-hammer rods, generator 
shafts, and the like, are made on what 
IS termed a ‘funnel line” because of 



Hardening a 26 inch gear in the 
special experimental unit The indue 
lion heaters can be changed to ac 
commodate different sixes of gears 

its long sheet-metal hood This is a 
four-station unit, 20 feet m length, 
ruggedly constructed, and equipped 
with a moving cradle set on a track 
to hold test parts positioned in the 
water-cooled inductors Elach station is 
equipped with automatic and manual 
control devices Power frequencies of 
one, two, three, and 10,000 cycles give 
the tunnel line the ultimate in induction 
flexibility 

Another special test unit is that for 
gear hardening It is a five- foot-square 
box-like fixture, five feet high, with 
full automatic control devices, and with 
a circular inductor which can be 
changed to accommodate a new size 
A quenching mechamsm is set in the 
center, providing water or oil quench- 
ing 

• # 9 

POST-WAB PDIIM6 CARS 
Will Ftatora DUgeBal 
ArraagtmtBt tl TaUu 

Plans for a post-war railway dining 
car embodying diagonal seating and 
possessing the “atmosphere and ap- 
pointments of a fashionable club** have 
been prepared by the Pullman-Stand- 
ard Car Manufacturing Company. 

The outstanding feature of the car is 
its floor plan which is arranged to 
accelerate service, to elimmate inter- 



BgliMallott lest pdnel used lor esqperimsntol Inductors ond special heat-treot- 
Bieuf appUcertietts. A TorietT ol tests can be rpn without Interference between them 
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ruptions caused by arrivals and depar- 
tures at the tables, and to enable 
waiters to step to the side when serv- 
ing so that aisles are free at all times 
Other innovations include vibrationless 
tables, spot-ray illummation, linen 
storage at each table, and mtercar tele- 
phone communication. 

Tables, which have a total capacity 
for 42 persons, are placed diagonally 
and seats are set at a 45-degree angle 
to the side of the car instead of at 
right angles as in ordinary diners 

“One of the greatest benefits accru- 
ing to the traveler from the angular 
seating arrangement,” according to 
Ellis W Test, Assistant to the Presi- 
dent in charge of Engineering and Re- 
search, “will be unobstructed move- 
ment Each person will slip into his 
seat or leave the table without disturb- 
ing his neighbor Everyone will have 
a side of the table to himself and enjoy 
a normal conversational position instead 
of knocking elbows as at ordinary diner 
tables 

“At the same time, each one will 
view the passing scene without even 
turning his head The diagonal ar- 
rangement will permit waiters to step 
between the tables when serving, and 
they will serve from the side instead 
of reaching over the person occupying 
the aisle seat as is necessary m the 
old diners ” 

CHYSTALIZED LIGHT 
Brings Clostr an 
UndarstaBdlag af ElaciricUy 

By transforming electricity directly to 
light, a phenomenon common to fluores- 
cent tubes and vapor lamps, “we have 
freed electricity in an uncrystalized 
form,” a Westinghouse lighting author- 
ity recently told The Franklin Institute 

“Fluorescent tubes, mercury vapor 
lamps, and the various other new elec- 
tric lamps which produce light without 
the intermediate step of heat, as repre- 
sented by a hot incandescent wire, 
simply develop uncrystalized electricity 
so that it goes out as radiant energy,” 
said Samuel G Hibben, director of 
applied lighting for the Westinghouse 
Lamp Division 

The lighting specialist expressed the 
belief that these new “quasi-electromc 
methods of illummation, which produce 
light by sending an electrical discharge 
through vapors, should bring us closer 
to understandmg what electricity is” 
Light is uncrystalized electricity or, 
stated another way, electricity is crys- 
talized bght, Mr Hibben said 

SALT BATH rBHHACBI 
Anneal Brass on 
Pradnctlan-LIna Basis 

A FULL anneal of brass cartridge cases 
on a continuous production heat treat- 
ing basis is being accomplished with 
what are said to be the longest con- 
tinuous conveyor-type salt-bath fur- 
naces in operation in America, and 
with an unequalled absence of oxida- 
tion 

In addition to the expected reduction 
in costs of operation, plus the increase 


in speed, the feature of the operation 
which employs Upton Electric Salt- 
Bath Furnaces is that the anneal on the 
brass is not only a full one but it is 
absolutely bright as well 

While this has been attempted on 
other occasions, it has never before 
been accomplished to the extent that 
the cases come out of the heat treat- 
ment clean and bright and without the 
slightest trace of oxidation, so that 
pickling or other cleaning is not re- 
quired following the anneal 

Two furnaces are employed, each 
capable of annealing 6000 pounds of 
brass every houi One gives the cases 
a full anneal at 980 degrees, Fahrenheit, 
before the nosing operation The second 
furnace full anneals the cases at the 
same temperature after the nosing 
operation 

Each of the two furnaces replaces 
ten individual non-continuous-duty 
furnaces picviously used and with such 
savings that the management of the 
Detroit concern where they were in- 
stalled IS reported to have stated that 
“the furnaces paid for themselves in the 
fiist three weekb of operation” 

The annealing operation is not only 
continuous but entirely automatic, with 
the exception of the occasional shovel 
full of salt required to leplenish the 
salt lost through noimal operation and 
from the nominal drag-out The tern- 


bath from the transformers located 
outside the furnace, are so positioned 
that the transfer of current through the 
salt generates the heat at the bottom 
of the pot rather than an 5 nvhere above 
that point The result is that a normal 
flow of heated salt circulates upward, 
thereby heating the entire content of 
the bath evenly and uniformly 

HONE WOBKSHOPS 
Will Probably Incroaso in 
Humber Alitr Ibe War 

Homf workshops, either for hobby or 
business, will have a place m more 
than 60 percent of all homes after the 
war, lepoits the Delta Manufacturing 
Company, designers of power tools, as 
a lesult of a survey just completed 
An interesting fact brought out by 
the suivcy is that the majority of 
men and women in the armed services 
are planning now the homes they in- 
tend building after the war They are 
reading any and all literature dealing 
with home building and are intensely 
interested m new developments cal- 
culated to make homes more liveable 
and easier to maintain 
The excellent mechamcal training 
the Army and Navy has given to its 
personnel reflects itself in a desire on 
the part of these men and women to 



Elnctrodni in this salt both hirnace enter the tides insteod ol the top 


perature of the bath is held within ±5 
degrees, Fahrenheit, by automatic elec- 
tric temperature control 

The first furnace to be installed was 
equipped with removable covers with 
the idea that sufficient heat would be 
radiated from the salt to make them 
advisable Salt is added through a small 
door in the covers at the turn-around 
end of the furnace 

The second furnace installed is not 
equipped with covers since, through 
experience, it has been found that the 
amount of heat lost is so small as to be 
not worth even the small additional ex- 
pense 

Uniform temperature throughout the 
entire bath is made possible largely 
through the placement of electrodes 
which enter the sides of the furnace m- 
stead of being thrust m from above 
the surface of the salt These electrodes, 
which conduct the current into the 


contmue using their newly acquired 
skills when they return to civilian life, 
both to create objects of beauty for 
the home and to keep down the cost 
of home maintenance 
Civilians are equally anxious for in- 
formation to aid them in future home 
building It was noted that men, and 
especially women working in war 
plants, have been agreeably surprised to 
find that they have first class mechani- 
cal ability as shown by the many diver- 
sified products they have created These 
persons indicate a wsh to apply this 
aptitude for their personal use at 
home in the fabrication of many ar- 
ticles of wood, plastics, and metal 
It has been ^e experience of home 
owners that for a fraction of normal 
market cost, they have been able to 
build excellent storm windows, book- 
cases, kitchen cabmets, and even com- 
plete sets of furniture for the entire 
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house V/vlh the high cost of labor and 
ihe acute shortage that is expected 
to exist for some time after the war 
in many of these products, home 
owners state that they intend to con- 
struct many of these articles them- 
selves They have found that, with a 
small number of inexpensive power 
tools such as a table saw, drill press, 
lathe, and Sander, repairs and additions 
to the house tan be completed eco- 
nomically in a professional manner m 
a fraction of the time it would take to 
do the job with hand tools 

C0NPRERENS17E EDUCATION 
Nffded by Embryo 
IndnslrUl Scionlisls 

In addition to the scientific course 
which they are given, it is important 
that students preparing for a career in 
science should be taught to express 
themselves, says Di Saul Dushman, as- 
sistant director of the General Electric 
Research Laboratory in the American 
Journal of Physics 

Writing on the subject of “Post-War 
Traimng of Physicists for Industry,” Dr 
Dushman says it is often forgotten in 
connection with the training of physi- 
cists, and of scientists in general, that 
“progress in science as well as other 
branches of human endeavoi depends 
ultimately upon the ability to com- 
municate ideas to others by means of 
language Whether it be the exposition 
of an idea by word of mouth, or the 
description of experimental observations 
in a paper for publication, clarity of ex- 
pression and logical presentation of data 
and conclusions are prime requisites 
It IS not required of the scientist that 
he be either an orator or a clever 
wielder of $64 words, only that he ex- 
press himself clearly in everyday lan- 
guage and use this language correctly ” 

The role of the physicist m war-time 
developments has shown that he can be 
veiy practical, Dr Dushman declares 

“Industry has learned through the ex- 
perience of the past few years,” he 
writes, “the fact that physicists are cap- 
able of contributing to, and initiating, 
fairly complex engineering develop- 


ments The design and operation of a 
cyclotron requires a technical skill such 
as compares very well with that 
required to design and operate high- 
voltage generating equipment The 
physicist has indeed demonstrated by 
his activities in the war effort that he is 
not the theoretical recluse intent only 
upon some abstract objective, that, in 
fact, he can become under proper con- 
ditions just as practical and just as 
hardboiled as any industrial engineei 
In view of these considerations, it would 
seem reasonable to suppose that in the 
post-war world there will be a much 
greater demand for physicists in indus- 
try than in the past” 

Such industrial physicists must know 
other subjects besides their basir physics 
and mathematics “The physicist in in- 
dustry,” Dr Dushman continues, “must 
be versatile and adaptable In view of 
the increasing complexity of materials 
and operations used in industry the 
physicist should also know considerably 
more chemistry than has been the case 
in the past Indeed, I would like to 
suggest that the proper course of train- 
ing for an industrial physicist should 
bo one that would comprise almost as 
much chemistry as physics ” 

CORTOIDOUS MOLDING 
Achieved la Nachiaa lhal 
Handle! Plai lies or Hahhers 

A 

ft CONTINUOUS injection molding and 
extruding machine, the only known de- 
vice of its kind in the world capable 
of producing an unbroken seamless 
tube of any kind of plastics or rubber 
and of any length, has been developed 
by engineers and technicians of Chrys- 
ler Corporation One of the machines 
— in use by a licensee in another state 
— IS producing seamless plastics tubes to 
launch rockets, and another one is 
ready to mass-produce rubber insula- 
tors An experimental machine in the 
corporation’s Engineering Division has 
produced hundreds of plastics and rub- 
ber parts and articles 
The new machine, which employs a 
worm screw similar to those found in 
coal furnace stokers, has undergone 


extensive tests and has shown that it 
can step up the manufacture of many 
thermo-plastics and thermo-setting 
plastics, and leal and synthetic rubber 
articles, at least ten fold Because of 
the quadruple field the smgle machine 
is capable of covering, the range of 
plastics and rubber parts and articles, 
m much larger sizes than realized 
under previous manufacturing methods, 
is apparently very great 
The machine has produced as laige 
an Item as a plastics battery case m 
less than five minutes, using 128 ounces 
(eight pounds) of thermo-setting plas- 
tics No other machine is known to be 
capable of injection molding an article 
of this material weighing more than 
36 ounces It has produced at one mold- 
ing in less than three minutes as many 
as 144 rubber insulators It is also 
capable of producing precision rubber 
parts for many war products 
In the tubing field the machine has 
enormous possibilities Thermo-setting 
plastics tubes, made in any lengths de- 
sired, can be used for overhead and 
underground pipelines The thermo- 
setting plastics is highly resistant to 
corrosion, and in some cases can re- 
place steel and iron pipes with lesser 
resistant qualities Where long lengths 
of iron, steel, or concrete are necessary 
for rigidity, thermo-setting liners pro- 
duced by the machine would provide 
resistance to corrosion 
Under the conventional compression 
molding method, plastics or rubbers 
are placed in a die by hand, and 
pressed into shape by clamping another 
die to it To insure adequate material 



Soma of tho mony oHIclos that con 
be produced by continuous molding 


in the finished product, more than 
enough is inserted in the die cavities 
Under pressure the excess material 
forces itself out through cracks where 
the die faces join, causing flash, or 
waste material 

With the continuous injection ma- 
chine only the quantities of plastics or 
rubbers needed are injected into dies 
already clamped together, elimmatmg 
flash and saving time and materials 
and cutting costs of production The 
ordinary “one shot” injection machine, 
which was an advancement over the 
compression type, eliminates flash 
waste, but is limited in the size of parts 
it can produce With the new Chrysler- 



Ona of dia new continuout molding machlnof producing link buthingi for shock 
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developed machine, producers are able 
to inject plastics or rubbers m a con- 
tinuous stream as long as there is mold 
area to be filled. Different dies for dif- 
ferent sizes of products can be used 
with the same continuous injection 
head 

The continuous injector consists of 
a simple hopper holding plastics or 
rubber The material is fed to a heat- 
ing cylinder where a special churning 
apparatus keeps it evenly mixed The 
putty -like substance is then shot under 
screw pressures up to 22,000 pounds 
per square inch through a nozzle 
clamped to an opening where the die 
plates join When the material has 
filled every tiny crevice m the mold, 
or series of molds, the back-pressure 
automatically shuts off the feeder 

When the machine automatically 
shuts off the flow of plastics or rubbers 
the worm screw reverses itself, keep- 
ing the material remaining in the heat- 
ing and feeding chambers pliable and 
ready for the next injection 

Because of the uniform feed, and 
even mixture of materials, the curing 
time required by the new machine, 
compared to similar materials and 
other types of machines, has been cut 
by approximately 93 percent, besides 
the complete elimination of waste 
Where multiple molds are used the 
tiny canals through which the putty- 
like materials pass from one cavity 
to another produce excess webbing 
which IS easily trimmed away without 
impaiung the finished products 

HEAT CXCHUICCBS 
Btsisi Cheniical Aclioa and 
Tamparalara Changas 

Made of “Karbate” themically ineit 
graphite materials, a new type of heat 
exchanger has been perfected for use in 
chemical and process industnes by Na- 
tional Carbon Company, Inc Designed 
specifically for chemical applications, 
the corrosion resistant “Karbate” heat 
exchangers possess high heat transfer 
values and are lesistant to practically 
all acids, alkalis, and solvents They are 
unaffected by acute thermal shock and 
may be used freely in intermittent op- 
erations, or m alternately hot and cold 
chemical baths 

Of plate type, the heat exchangers 
employ the principle of extended, or 
corrugated, surface to attain maximum 
heat transfer area within small overall 
size The compactness of the exchangers 
increases their inherent mechanical 
strength At the same time, it reduces 
the tank space required for the heaters, 
further minimizing the hazard of me- 
chanical shock during process opera- 
tions The exchanger is a four- inch 
thick plate with a number of internal 
11^-inch diameter communicating chan- 
nels for steam or cooling medium 

Production of the heat exchanger 
units is standardized in four design 
groups, incorporating both parallel and 
series flow channels, thus making pos- 
sible different combinations to meet the 
widest range of heating and cooling re- 
quirements The heaters may be in- 
stalled in sections, depending upon tank 
capacity or solution temperatures re- 


quired, and are suitable for nearly all 
tank sizes or shapes 
A number of the heat exchangers 
have been in use in various processes 
for a year or more and afford sufficient 
service data for comparative pui poses 
Such heaters, 4 by 10 by 48 inches in 
size, operating on 25 pounds of steam 
and maintaining tank temperatures of 



Sectioned view of new heat exchanger 

180 to 190 degree*? Fahrenheit, have 
been in service in tanks containing ap- 
proximately 10 percent nitiic acid and 3 
percent hydrofluoric acid There has 
been no visible sign of deterioration in 
these units in the yeai oi more of their 
operation In the same application, no 
metal heat exchanger has been found 
that would stand up for more than a 
few days 

In other types of corrosive chemical 
operations, the “Karbate” corrugated 
plate heaters have greatly increased 
heating efficiency and reduced process 
costs through longer service and through 
eliminating maintenance costs 

TELE?1SI0B PBOJECTIOB 
Uses Special Lens 
Aad Mirror System 

p 

■Ieflective optical systems for televi- 
sion receivers employing special types 
of mirrors and lenses, according to a 
papei by loury G Maloff and David W 
Epstein of the Radio Corporation of 
America, are now being used to pick 
up images from the face of the cathode - 
ray receiving tube and project them on 
a screen suited in size to the require- 
ments of the room or auditorium in 
which the images are to be viewed 

RCA systems for projection of tele- 
vision images, the authors of the paper 
stated, consist of a spherical front sur- 
face mirror and an aspherical lens The 
non-technical reader may visualize the 
mirror as a shallow bowl, while the 
aspherical lens is flat on one side, with 
the opposite surface rising slightly at 
the center and at the edges, but de- 
pressed in the mtermediate area The 
surface contour of the lens renders it 
optically positive m the center with a 
gradual change to negative in the 
outer portions 

The gain in illumination on the view- 
ing screen obtained with these new 


systems is about six or seven to one 
when compared with a conventional 
i/2 lens, it was revealed, and the 
quality of the images obtained is com- 
parable with images produced by con- 
ventional projection lenses 

Because of more nearly pfifect dif- 
fusion of the light emitted by the 
fluorescent face of a cathode-iay tube, 
as compared to light from an intense 
source such as is used in motion-pic- 
ture projection, the paper pointed out, 
the efficiency of the conventional mo- 
tion-picture pi ejection lens is extreme- 
ly low when such a lens is used to 
project a cathode-iay tube image on 
a viewing screen Any increase in the 
brightness of the image on the face 
of the tube could be obtained only at 
great cost Attention was centered, 
therefore, on the problem of providing 
a manifold increase in the percentage 
of light that could be delivered to the 
screen 

“It has been known for a long time,” 
the paper continued, “that aspherical 
surfaces in combination with spherical 
or aspherical mirrors may be arranged 
into optical systems of high aperture 
and high definition Astronomers have 
made use of this principle, but high 
costs and difficulties in constructing 
such systems have prevented their gen- 
eral use 

“Since the principle had been devel- 
oped only for the infinite throw used 
in astronomy, much painstaking study 
and work was required to adapt it to 
short-thiow projection 

“Aside from this necessary adaptation 
of the principle, a major problem was 
the high cost of the aspherical correct- 
ing lens Astronomers produced them 
only by tedious, step-by-step methods 
The apparent solution was that of 
molding the lenses from a suitable 
transparent material 

“After such a material was found, 
there remained the problem of making 
molding surfaces of metal in shapes of 
the negative replicas of aspherical 
lenses and obtaining optical fimshes on 
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the metal surfaces, but this was ac- 
complished ” 

In one type of receiving unit de- 
scribed m the paper, the projection 
system is mounted near the floor of the 
cabinet, with its axis vertical, projecting 
the image straight up and on a flat 
mirror inclined at 45 degrees to the in- 
coming beam of light The mirror 
throws the image on a translucent 
screen which is built into the cabinet 
Such an arrangement presents the ad- 
vantages of compactness and a cabinet 
of relatively small depth which can be 
styled along the familiar lines of a 
radio console 

Because of their great light-gathering 
power, the paper stated, other types of 
reflective optical systems, built for in- 
finite rather than finite throw, find very 
useful application in television pick-up 
cameras under conditions of low illu- 
mination, such as during the last min- 
utes of a football game or in direct 
pick-up from a theater stage 

BUBBEB TABES 
Bevelopid for Fatl 
TraBsporiaHoB 

P ORTABLE synthetic rubber tanks ai-e 
now bemg extensively used in combat 
areas for both transportation and stor- 
age of gasoline, oil, and aromatic fuels, 
to insure an adequate supply of tliese 
vital materials at all times 

Developed by United States Rubber 
Company, these huge collapsible tanks 
can be set up or taken down very 
quickly Advantages of the synthetic 
rubber fuel tanks for overseas use are 
that they are collapsible and can be 
shipped in small space They are light 
in weight, easily camouflaged in the 
field, and can be quickly set up or 
knocked down for transportation to a 
new location by a very small crew Be- 
fore their use, steel tanks were needed 
for stormg or transporting gasoline 

Tanks for transporting fuel are made 
with 750 gallon capacity, carried on a 
standard 2M!-ton truck, and with 2700 
gallon capacity, three of which are 
carried on one railroad flat car 

Storage tanks, used for advance com- 
bat or reserve supply back of the lines, 
will hold either 1000 gallons or 3000 
gallons of gasoline 

The collapsible fuel tanks are made of 
mildew-proofed fabric coated with syn- 
thetic rubber Tanks can be repaired 
in the field as easily and speedily as can 
a tire’s inner tube 

nirBA-BED LAMPS 
Cbb b§ Apphed to 
Nbb 7 BBd Taritd 0 sbi 

N EW post-war heat sources, speeding 
peace-time drying job*? in the home and 
mdustry and providing a flexible sup- 
plement to regular space heating equip- 
ment, will be developed from infra-red 
lamps, according to James D Hall, 
Westinghousc Lamp Division engineer 

**Lamps operating on the same prin- 
ciple as thoee which now are swiftly 
‘cooking’ pamt on t^iiks, jeeps, helmet 
liners, and other war material,” Mr Hall 
says “can he used to dry everything m 


the home from fingernail polish to 
freshly bathed Fido Heat lamps also 
will be popular for chasing the chill out 
of the house during late spring and 
early autumn ” 

As comfoi t heaters, Mr Hall forecasts, 
radiant heat lamps screwed into regular 
lighting circuits and clamped on the 
reading-lamp fixture will be beamed to 
keep the reader’s neck and shoulders 
comfortable Similar lamps, spotted 
around the house, could protect tender 
plants from the cold, speed up the dry- 
ing of hair and laundry indoors, and 



Drying time for Micorta helmet linen 
is radically reduced by passing 
them under a bank of infra red lamps 


perform other household drying and 
spot-warming chores 
Up to now, heat lamps have been ap- 
plied mostly to industry for war-time 
drying jobs A vast indicated expansion 
in industrial uses, paiticulaily in auto- 
mobile plants, textile mills, and food 
dehydration plants, offers what the 
specialist described as the “brightest 
prospects” immediately after the war 
Banks of infra-red lamps will be on 
every post-war automobile assembly 
line, the engineer forecasts From five 
to SIX minutes will be required to 
whisk a thoroughly dried automobile 
off the paint rack, instead of the 50 
minutes required by the customary 
drying process in pre-war days In 
woolen mills, lamps heat the cloth to 
high temperatures so that unwanted 
particles of wood, burrs, and other 
foreign material in the finished product 
afe reduced to carbon which can be 
easily shaken free In food dehydration, 
infra-red reflector lamps can dry food 
in five to 30 minutes, as compared with 
15 to 30 hours previously required 
Listing some peace-time industrial in- 
fia-red applications which already are 
in operation, Mr Hall says the man- 
made radiant heat is quickly and ef- 
ficiently drying foundry molds in place 
of drying by kerosene torch, fusing 
label pamt onto glass bottles, baking 
insulating varnish on electrical equip- 
ment and paint on electrical trans- 
former tank covers, drying glue on 
paper envelopes, processing burlap used 
for sandbags, and drying sample 
rwatches of cloth pasted on cardboard 
iVpical of the war production contri- 



Inirared loxnps, placed under desk, 
keep the office worker comfortable 


bution of radiant heat lamps is their 
record in drying the paint on tanks, Mr 
Hall says Radiant heat lamp rays, 
beamed from the sides of a drying tun- 
nel m one of the nation’s giant tank 
arsenals, complete the drying of paint 
on tanks in four minutes instead of the 
24 hours required previously In the 
manufacture of plastic helmet Imers 
for the Army, infra-red lamps have 
speeded the drying process from an 
estimated 15 minutes by the oven-dry- 
ing method to a new low of 95 second 
The oven process required a tunnel- 
shaped unit 225 feet long, the infra-red 
dryer is 19 feet long 

Still another peace-time possibility for 
the lamp is the assistance they will give 
the motorist m winter One bus com- 
pany, the lamp specialist relates, “no 
longer has trouble starting its vehicles 
on cold mornings Infra-red lamps 
turned on under the hood of a bus an 
hour or so before the driver reports for 
work, bring the engme to spring-like 
temperatures ” 

TBEE or LITE 
Yields laduslHil 
Ntlerials Ib Braiil 

Brazil has a tree which produces the 
most important vegetable wax in the 
world, flourishes in drought when other 
vegetation withers, yields food, fruit, 
medicine, and materials for building 
paper manufacture and other useful 
arts, accordmg to Chemical and Engi- 
neering News 

The tree is the camauba wax palm, 
known as the “Tree of Life” It has 
defied not only the greatest scientists 
to produce it synthetically, but also 
other nations to grow it successfully 

“When everythmg else shrivels and 
seems to die, the camauba palm reaches 
Its greatest productivity in wax,” re- 
ports Dr Nelson S Knaggs of the 
Hilton-Davis Chemical Company of 
Cmcmnati 

“Cattle can live on the shoots of the 
young camauba palms which emerge 
from the baked earth. The tender 
hearts of the palm become a green 
vegetable or salad Tlie tree bears long 
clusters of edible fruit not unlike a 
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SEMSATIONXL WII lElGEIMS 

^ LENSES i PRISMS 

All Items Finely Ground and Polished but Edges Slightly Chipped or Other Slight Imperfections 
which We Guarantee Will Not Interfere with their Use All Lenses neatly pocked and marked for 

Diometer and Focal Length 


OUB POUCY 
oa WAB SBBPLUS 



WEIGHT APROX.3/4IB. 


ATTENTION HIGH SCHOOLS AND COLLEGES* 

Scrap Optical Glaat for educational purpotea to show various stages 
of manufacturing from blank to finishod Lens and Prism 

Stock ;^6001 S for schools 5 lbs of assorted Binocular 

Lenses and Prisms in various stages of completion ^9 00 Postpaid 

Stock ^6002 S Educational Set for Individuals consisting 
of 1 Porro Binoailar Prism Blank and 1 finished Porro Prism — 
Price 29# Postpaid 

REDUCING LENS SET #1004-S $120 Postpoid 

Contains a 2V2'* diameter end diameter reducing lens of 

diRerent powers 

LENS SET 120-S "The Expeninenter'< Dream" 60 lenses 
with 70-pQge illustrated booklet "FUN WITH CHIPPED 
EDGE LENSES" — $10 00 Postpaid 

The variety of lenses in this set will enable you to conduct countless 
experiments and build many optical gadgets 

50-PAGE ILLUSTRATED IDEA BOOKLET $1 00 Postpaid 

Describes wide variety of uses for our lenses and contains much 
information especially designed for beginners m optics 

PORRO ABBE PRISMS #3006-S 25< each Postpaid 

Sue 9 mm by 17 mm another war bargain Normal prices 

would be 10 to 20 times above quotation 

INVITATION! 

TO SCHOOLS AND COLLEGES 
Get on our gchool mailing list Keep regularly 
posted about our Optical Bargains Send name, 
address to our Educational Dept. 

MINIMUM ORDER $1 00 • 


1 Wa are cooperating to move surpluses while the wsr is on 

2 Our customers receive full benefits of sll savings effected through our 
purchases of war supplies We do not hold merchandue for high present 
or future prices 

3 We are making a special effort to bring our items to the attention of all 
Schools, Collages, Amateurs 


TANK PRISMS- 

In order that the tank driver shall not get shot in the face, two 
of these Silvered Prisms are used to make a periscope (without 
magnification) We have secured a number of th^ that are 
very slightly chipped, making possible their sale at a very low 
price They are 90-45-45 degree prisms of huge size — 5’/4" 
long, 2 ‘/a" wide, finely ground and polished. 


You can u«e thesa Pnsms to make Periscopes to see over the 
heads of crowds, fish under wster^ high or low geuges, inspec 
lion of machinery without climbing, for examination of hot 
metals without danger to eye or camera, etc Also excellent for 
expenments, class-room demonstrationa st higb schools, col 
leges, camera clubs, astronomy clubs Some of our ingenious 
lustomers have used these Prisms to make camera stereo 
attachment, photometer cube, range finder, etc And hereU an 
excellent, unique gift idea For 9# we supply 100 gold letters 
with which you can turn one of these Silvered Pnsms into e 
desk name plate in 5 minutes of easy work 

Normally, tbeso Prisma would retail from about $24 to $^0 
each 



Stock #3004-S SILVERED TANK PRISM ■ 
each Postpaid Free Booklet on Prisms tncl 


Price $2 00 


Stock #3009 S 


PLAIN TANK PRISM — Price $2 00 each 


Postpaid This one is excellent for projecting all tha colors of 
the spectrum a beautiful sight Free Booklet on Prisms incl 
FOUR TANK PRISMS — Special $7 00 Postpaid This 
18 the most sensations! bargain we have ever been able to offer 


WAR BARGAINS IN LENSES USED IN NAVY'S 
7 POWER BINOCULARS 

KEI LNER EYE PIECE LENSES with F L of 27 9 mms Comes 
uncemented with free cement and easy directiona Edged Field 
1 «ns has diameter of 26 mms and edged Bye Achromat e 
diameter of 17 mms Unedged l^ensee about 2 mms larger than 
edged ones These are excellent for all sorts of telescopes 


mms Have wider diameter than those used Army's 7 power 
binocular Excellent for telescopes Diameter of idgtd lenses 
are about 92 mms Unedged about 53 to 96 mms 

Stock #6063 S — Unedged and Uncemented — Price 79# 
Stock #6064-S — Edged end Uncemented — Price 111 79 
COMPIETB SET OF LENSES AS ABOVE AND THE 
PRISMS TO MAKE A MONOCULAR (TELESCOPE) 
Stock #9100 S Monocular Set ^5 00 Postpaid 

LOW POWER MICROSCOPE LENS SET — (May also be 
used to make Telesctme Eye-Piece) Perfect Lenses, one with 
diameter of 9 mms , FL of 20 mtns , end one with diameter 
of 14 mms and FL of 39 mms 


Stock #1003 S — Price 70# 
Microscope Booklet 


mcludea free copy of our 


SATISFACTION GUARANTEED 


EDMUND SAIYAGE COMPANY 


27 W. CLINTON AVENUE 


DEPT. 7, P. O. AUDUBON, N. J. 
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date The seed is crushed and a cooking 
oil IS extracted The shell around the 
nut IS roasted and a cofTee-hke bever- 
age IS brewed 

“The pith of the tree contains a high 
starch content, and a food similar to 
fc*rina is made The roots yield an ex- 
tract and medicine for illness The 
wood is burned and the ashes yield an 
alkali for home soap making The wood 
of the tree is extremely hard and is 
impervious to insects and sea water 
It is used in building the frames of 
native homes The fronds of the palm 
are used to thatch their houses 

“Most of the natives in the carnauba 
sections sleep in hammocks, and it 
IS said that 80 percent of the people 
sleep in hammocks woven from car- 
nauba frond fibers Their homes are 
swept with brooms made from the 
fan like fronds and candles made from 
the wax furnish light at night Tons of 
fronds which have been discarded 
after the wax has been removed may 
play an impoitant part in the new 
Brazil, for a high-grade paper has been 
made from it “ 

ASSENBLY-LWE FREEZES 
Rapidly Skrmks Paris and 
Dispantas Tkam as Raadad 

A COMBINATION refrigerating machine 
and dispenser used in the aiiciaft 
building at the Ford Motor Company 
has cut in half the time necessaiy for 
d single assembly openition which de- 
pends on shrinking of paits by the 
liquid oxvgen method 

Tappet guide insei ts, 36 of which are 
used on each of the 2000-horsepower 
Pratt and Whitney engines manufac- 
tured, are shrunk by reducing then 
tempeiatui es to 300 degrees below 
zero The new type freezer and dis- 
penser makes this possible on an as- 
sembly -line basis 

Outwardly the dispenser resembles 
a soft drink vending machine There 
arc eight openings to accommodate 
various size guides To obtain a shrunk 



A toppet gvDldA iatert at room lorn* 
poroluro is pualiod liRo tho frooslng 
dlspontor. Coldokrunk iiuiorts ore 
ttoodod. «t tho bottom 


part, the operator inserts one from 
stock and presses a button A chilled 
part drops into a rubber receptacle 
at hand level If desired, a shrunken 
part may be obtained without insert- 
ing a warm one 

The parts never come in direct con- 
tact with the liquid oxygen They are 
chilled by their slow passage through 
tubes suspended in a tank of liquid 
oxygen 

At normal temperatures the valve 
tappet guides are from two to three 
thousandths of an inch over-size After 
emeiging fiom the refrigerator they 
drop into prepared holes with ample 
clearance and expand as they warm 
Tlie resultant fit is nearly as firm as a 
weld 

The advantage of shrinking a part to 
size lies in the fact that no metal is 
1 emoved or burnished by forcing it into 
position Normal machining leaves tool 
marks around a part m a position 
radial to the center When these micro- 
scopic grooves expand, from the cen- 
ter out, they fill in the high spots and 
valleys of a prepared hole and create 
a much better seal 

Before the dispenser was developed, 
tappet guides were placed in a con- 
tainer which was immersed in liquid 
oxygen The machine was built to Ford 
specifications by the Linde Air Prod- 
ucts Compan> 

SEALING ZIPPER 
Makes Water- aai Air- 
Proof Clesore 

Development of a unique rubber con- 
struction applied to metal slide fast- 
eners which makes them completely 
water-pioof and prevents escape of air 
or gasses was recently announced by 
The B F Goodrich Company 

The Pressure Sealing Zipper is con- 
structed with over-lapping rubber lips 
which have such initial pressures built 
into them that they assure a perfect 
seal against any pressure which the 
structural strength of the slide fast- 
ener will withstand 

The lips are placed on either side 
of the article to be sealed, depending 
on where the pressure is exerted Used 
on the outside they make the article 
water-proof and pi event the entrance 
of air or gasses Used on the inside 
they prevent the escape of air, gasses, 
or liquids held in the vessel 

Three such Zipper styles are being 
manufactured, two being of the non- 
separaling type, the first sealing along 
Its entire length but open at the top, 
the second sealing along its entire 
length and at both ends In the first, 
which IS used in such applications as 
exposure suits, the slider is operated 
from either side, in the second, ongi- 
nally developed as a closure for pres- 
sure vessels, it is operated from the 
side opposite the sealing lips 

The third construction is of the 
separating type, which seals along the 
entire length but not at the ends, with 
the slider operating from either side 

The new rubber Pressure Sealing 
Zipper can be applied to metal, fabric, 
or i^eet rubber, provided that suflficieni 
c earance is allowed for operation of 


the fastener Installation can be ac- 
complished either by stitchmg or 
cementing, depending on the use 
The pressure seals are effective in a 
wide temperature range, not cracking 
when bent at — 70 degrees, Fahrenheit, 
nor becoming soft at 150 degrees, Fah- 
renheit Weathering and aging char- 



Unzippinq one of the teli'Sealing 
water- and air tight slide fasteners 


actenstics aic icported to be excellent 
One of the great advantages of the 
sealing lip constiuction is that it con- 
forms to changes in position of the seal- 
ing wall, withstanding stresses caused 
by these movements 
Among the war-time uses for the 
Pressure Sealing Zipper, according to 
the company, are as closures for life 
saving suits or divers suits, which need 
to be perfectly water-proof Use of the 
Pressure Sealing Zipper makes these 
much easier to put on or take off 
Many uses of the new development 
are present in tho airplane industry, 
the company says, including applica- 
tion on both high and low pressure 
ducts, where sections may be effective- 
ly joined with a Pressure Sealing Zip- 
per, on doorways and handholes, where 
there are pressure differentials, and on 
bail-out kits and instrument cases 
Other potential uses which the com- 
pany sees are as openings for tent flaps, 
where the arrangement makes the flap 
water-proof, as covers for hatches and 
other places on shipboard, and as seals 
for all types of emergency equipment 

SWEET-POTATO ALCOHOL 
StM As a Possiklf 
Solalioa ia a Praklem 

T HE FOOD program, molasses trans- 
portation difficulties, and tremendous 
alcohol requirements have focused at- 
tention on new raw materials for alco- 
hol production The subject promises 
to be of contmumg interest in the post- 
war period if the industrial alcohol 
requirements remain above 300,000,000 
gallons There will be insufficient mo- 
lasses to provide for fermentation alco- 
hol, and corn or wheat prices may be 
prohibitive for industrial alcohol pro- 
duction 

Drs Jump, Stark, and Zaiow of the 
Seagram Research Department, re- 
ported at a recent American Chemical 
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Society meeting on the use of dehy- 
drated sweet potatoes as a raw ma- 
terial Their laboratory and plant 
studies indicate that the L-4-5 variety 
of “non-edible” sweet potatoes are 
superior to the Puerto Rico variety 
The laboratory yields compared with 
corn were respectively 3 2, 3 0, and 2 7 
wine gallons at 190® proof per 56 pound 
bushel 

A commercial trial at one of the 
Seagram plants resulted in a yield of 
2 8 wine gallons per bushel of L-4-5 
potatoes, the yield from the Puerto 
Rican variety was lower This plant 
fermentation yield problem is under 
current laboratory investigation, and 
appears to be susceptible of solution 

Dehydrated sweet potatoes offer the 
advantages of storage to provide a 
year-’round supply, and processing 
with equipment similar in design to 
conventional grain alcohol plant equip- 
ment 

The authors concluded their papei 
with the observation that the yield of 
alcohol from sweet potatoes in terms 
of acres of land is much higher than 
can be obtained from gram and closely 
comparable to sugar cane The diffi- 
culties standing in the way of immedi- 
ate use of this raw material are the 
small acreage now in cultivation, the 
necessity for simplified planting pro- 
cedures, and mechanization of the har- 
vesting operations A Seagram Fellow- 
ship has been established at Louisiana 
State University, where the L-4-5 sweet 
potato was developed, to improve 
planting and harvesting procedures 

On the other hand, sweet potatoes 
may be grown throughout most of 
the South and under efficient farm 
management high yielcis per acre may 
be expected to bring the raw material 
cost in line with molasses Thus sweet 
potatoes offer another possibility for 
agiicultural and industrial expansion 
of the South by virtue of their value 
as a raw material for alcohol 

INOaSTRlAL DEVCLOPNEITT 
Held to bf Corbfd by 
Prosoal Tax Sysloa 

E VEN after the pent-up demands for 
merchandise growing out of war short- 
ages have been met, prosperity can be 
maintained in post-war America on 
the basis of new products and a higher 
standard of living than ever before, 
accoiding to Larry E Gubb, chairman 
of the board of directors of Philco 
Corporation 

“Actually years of research and 
development have been crowded into 
the past 32 months since the war 
began,” Mr Gubb said “The stem 
necessities of war have been a great 
stimulus to research and technical 
progress on the part of our scientists 
This war, which is being fought on 
both sides with the very newest tech- 
nical weapons, has carried us along 
the road to new scientific developments 
at breakneck speed The world of 1940 
has already become obsolete 

“Our nation will emerge from this 
war with a capacity for producing raw 
materials and manufactured goods of 
unprecedented quality and workman- 


ship on a scale never dreamed of four 
years ago Great new industries, such 
as television, frozen foods, private and 
commercial aviation, and many others, 
are on the horizon awaiting develop- 
ment and offering tremendous employ- 
ment opportumties 
“But before we Americans are going 
to participate m the advance of our 
scientists, there must be created the 
desire to get in and build this economy 
We must recreate the incentive sys- 
tem that encourages enterpnse and 
stimulates new undertakings That is 
the way jobs are made 
“The figures show that in our coun- 
try it takes about $5000 of invested 
capital to create a new job Nothing 
could do more to make for a high level 
of employment and great prosperity 


This metallographer is us- 
ing Bausch A Lomb Metal- 
lographic Equipment, a 
microscope and photomi- 
crographic apparatus designed especially 
for the study of the fine structure of metals 
under high magnification Before him 
each day pass the enlarged, prophetic 
pictures of tomorrow’s industrial miracles 
— recorded photographically, if need be, 
for tomorrow’s use 

He IS learning the secrets of the metals 
and alloys that will build the machines 
and the products that will be tomorrow’s 
production winners, as today they are 
speeding America’s victory 

His B&L Metallographic Equipment is 


after the war than the encouragement 
of ‘risk capital ’ If all capital is going to 
seek 100 percent safety, there can never 
be any progress All you get is stag- 
nation 

“But if capital is to be expected to 
embark in new ventures, there has to 
be some incentive held out to it, there 
has to be a reward for risk-taking, or 
people with capital cannot afford to do 
otherwise than hold it idle 

“These incentives are entirely lack- 
ing under our present tax system 
Under today’s conditions, there could 
be no such things as the building of 
our great railroad systems, the auto- 
mobile industry could never get started 
and grow to maturity, for the simple 
reason that if a failure ensued, the 
burden would have to be borne in 


a modern development of that originally 
designed and built by Bausch & Lomb in 
1900 for a famous technical school — the 
first such equipment in America 

It is just one of the many precision op- 
tical tools developed by Bausch & Lomb 
in the interests of peacetime scientific and 
industrial research and control that have 
been converteef to war uses 

BAUSCH & LOMB 

OPTICAL CO . ROCHLSTFR 2. N ^ 



Makers oj Optical Glass and a Complete Line oj Optical Instruments j or Military 
Use, Education, Research, Industry and Eyesight Correction and Conservation 
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large part by those who furnished the 
capital, while if they were successful, 
an extremely high percentage of the 
profits would be drawn off in corporate 
income and excess profits taxes and, 
insofar as earnings were paid out, in 
personal income taxes In other words, 
as things stand today, the tax collector 
says, ^Heads I win, tails you lose * ” 

■TLOI APPLICATltNS 
Wfll Sprtal Isle 
Naay Fosl-War FliUs 

Military applications of nylon devel- 
oped during the war suggest possible 
uses for this versatile synthetic yam 
in civilian fabrics, according to George 
J Groh of the Nylon Division of E I 
du Pont de Nemours and Company 
Mr Groh, in charge of nylon fabric 
development, says that, for example, 
the weaving of nylon insect netting 
has given the textile industry ex- 
perience in handling the yam, which 
might be utilized later on in the weav- 
ing of similar fabrics for many uses 

“A 30-denier nylon flare (parachute) 
fabric IS not far in construction from 
a nylon sheer,” he points out, adding 
that “with some minor changes in weav- 
mg and a few more turns in the yam, 
a fabric might be developed which 
should have a large number of prac- 
tical uses ” 

The nylon fabric which is now going 
into the human escape parachute might, 
by being built up slightly in construc- 
tion, suggest a sleeve limng, Mr Groh 
adds 

Development of woven nylon fabrics 
was undertaken before the war in a 
limited way and all work of this kind 
was stopped as soon as nylon was 
needed for military purposes The 
early studies were carried far enough 
m the development of fabrics for 
underwear, slips, panties, gowns, and 
foundation garments to mdicate that 
nylon contributed a great deal toward 
lessening the weight of garments, he 
says, and its advantages m easy washing 
and quick drying were found particu- 
larly valuable 

Experimental work before the war 
also indicated that properly con- 
structed fabrics of nylon could be per- 
manently “set” to mimmize wrink- 
ling and that they might possess 
advantages m washability This work 
gave definite indications that good ny- 
lon neckwear could be manufactured, 
that nylon in velvets and other pile 
fabrics could be made crush-proof, that 
the curtain stretcher as a result might 
“become a thing of the past,” and that 
permanent ruffles and pleats might be 
“set” so as to be unaffected by clean- 
ing and even washing 

POWEB CONCENTBATIOBS 
Art Cmx ti Qtctroale 
Htiliag Proctttts 

Impkovemen'iS in the heat treating of 
metal pioducts made possible by the 
use of electroiuc power concentrations 
up to 20,000 kilow tts per cubic inch 
are described by Dr Wesley M Ro- 
berds, development engineer of the 


RCA Victor Division, Radio Corpora- 
tion of America Power concentrations 
of this order, Dr Roberds explains, 
have advantages of product quality 
Improvements growing out of closer 
control and more uniform effects Ad- 
ditional advantages include increased 
production resulting from savings in 
process time, greater heating efficiency, 
and greater convenience 

“When intense heat concentrations 
are mentioned,” he says, “one immedi- 
ately thinks of the oxy-acetylene flame 
or the electric arc In the case of the 
torch, the transfer efficiency from 
source to work is extremely low, so 
that heating equivalent to that pro- 
duced by an electrical power concen- 
tration in the work of five kilowatts per 
square inch Is about the maximum at- 
tainable at present In electromc in- 
duction heating it is not difficult to 
put 100 kilowatts into a square inch of 
surface area with an overall efficiency 
of 50 percent 

‘With the electric arc, the power con- 
centrations may be comparable to those 
obtained in electronic induction heat- 
ing, but the intensity of the arc has a 
much lower range of control With a 
100-kilowatt electronic power genera- 
tor, the surface of a two-inch steel bar 
can be brought to the melting point in 
half a second, or the power can be re- 
duced until it will require five seconds 
to solder a small can 

“The ability to create very high 
power concentrations is especially ad- 
vantageous in processes where it is de- 
sirable to confine the heating to a small, 
sharply defined volume For example, 
in such operations as case-hardening, 
welding, brazing, or soldering, it is 
desired to heat only a thin shell or a 
narrow strip on the work, while the 
other parts are to remain relatively 
cool This effect may be achieved by 
applying the necessary energy at high 
power levels for very short times, thus 
minimizing the conduction of heat and 
creating high temperatures only in 
those regions were heating is desired 

“Because the current penetration in- 
to the work is small, the application of 
100 kilowatts per square inch may re- 
sult in a power concentration m vol- 


ume of 20,000 kilowatts per cubic inch 
This concentration of energy beneath 
an inductor makes it possible to heat 
a highly localized area on a piece of 
work ” 

Although power concentrations at- 
tainable m dielectric heating of electric 
insulators such as wood and plastics 
are much lower than those used for 
induction heating of metals, Dr Ro- 
berds says, they are nevertheless up 
to 1000 times as great as can be ob- 
tained by heat conduction into the 
work Practical power concentrations 
In electronic dielectric heating range 
from 10 watts per cubic inch at a fre- 
quency of 10 megacycles, used for 
glumg thick wood sections, to 20,000 
watts per cubic inch at 200 megacycles, 
used to seal thin plastics films 

CAN CUTTER 

Performs Special Operaliea 

1b BoBiiae NiBBer 

Designed to cut two irregular curved 
tracks of minute dimensions on the 
inside of a thumb-sized metal barrel, 
a special cam-tutting machine has 
proved highly successful in operation 
in a plant of Fairchild Camera and 
Instrument Corporation 

Believed by its designer, Edward Lay, 
of the Fairchild company, to be the 
only machine which cuts inside tracks 
on a barrel cam, it grew from urgent 
military needs Assisted by Theodore 
Fraser, a Fairchild tool designer. Lay 
planned an assembly including a car- 
nage, chuck, and two master cams in 
one unit, stationary followers in the 
second, and a third cutter head unit 

The two master cams govern the 
track tutting, giving it a forward mo- 
tion In one revolution of the master 
cam the barrel turns three times, and 
a track is milled on its smooth suiface 
This revolving action is attained by one 
worm and two worm gears The result 
is like a bullet in flight, which spins as 
it shoots forward Weights keep the 
master cams in constant contact with 
stationary followers 

An operator can master the funda- 
mentals of the special cam-cutting 



The operator Is holding one of the barrels to be milled in the com cutter 
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EXACT WEIGHT Shad<h 
^rat>h filling and weighing Pen 
iCilUn into vtals under aseptic 
conditions in the Fti I illv and 
Company plant, Indianapolu 
USA 

Pe^dcUlUt 

the Wonder Drug is Weighed • • • 

During World War I it was the Carrell-Dakin solution Then come the famous 
Sulfa family Although an English Scientist discovered Penicillin in 1929 it 
took World War II to bring it to the front and prove the broad and effective 
curative powers for accute infections of wide scope Today this drug is being 
produced in volume by the leading pharmaceutical houses in America Pictured 
obove IS a specially built EXACT WEIGHT Shadograph filling and weighing 
Penicillin into viols under aseptic conditions — onothcr of the thousands of 
applications for EXACT WEIGHT Scales, America's best known pre-determined 
weighing equipment Engineers with s«milor or different problems ore invited 
to write for information pertaining to equipment fitting their particular 
requirements in industry 




hxjsX Weujht Scopes 


THE EXACT WEICHT SCALE COMPANY 

65 West Fiftli Ave., Columbus 8i Ohio 

Detft Ad 1104 Bay St, Toronto Canada 


machine in two days Placing a metal 
sleeve on the carriage, he pushes the 
cutter mto place, then turns on the 
power unit, and with it a flow of kero- 
sene to lubricate the action and clean 
stray chips from the cutter. As the 
cutter spins through the solid metal, 
the operator steadily turns the car- 
nage’s handle, movmg the cam slowly 
along while the cutter bites its first 
track Repeating the operation, a sec- 
ond track IS cut Though the carriage 
handle was formerly turned by power, 
it was found easier to detect manually 
any “bugs” in the operation 

Though the machine was originally 
designed to fulfill the need for a par- 
ticular type of barrel cam, it is equally 
adaptable to the manufacture of other 
types Lay believes it will aid many 
designers who have omitted vital parts 
of their machines simply because they 
lacked a practical way to cut barrel 
cams 

SOUMD-CONMTIOiraiG 
luvolvts CoBirol ol Wavts la 
Sadsca Uadaiirabla Halsas 

Add to the possibilities of post-war 
living one more — “sound-conditioning ” 
New types of plaster have been de- 
veloped, accordmg to the Gypsum As- 
sociation, which make it possible to 
have every room “conditioned” to 
sounds as they can now be conditioned 
to temperatures 

The industry expects this new de- 
velopment to make rapid strides, and 
soon to be incorporated in the plans 
for many institutions, office buildmgs, 
apartment buildings, and individual 
homes Reported to be less expensive 
than other materials for the same pur- 
pose, It will have an appeal for the 
great mass of new home builders, the 
Association says 

Sound-conditioning and sound-proof- 
ing are distinctly different, the Gypsum 
Association points out 

“A room is sound-proof if sounds 
originating m it cannot be heard out- 
side the room, and vice versa Sound - 
conditioning has to do with the control 
of sound reverberations and the cur- 
tailment of echoes — the absorption of 
sound waves after the action that 
created them has ceased Sound-con- 
ditioning is the control of sound waves 
to reduce imdesirable noises” 

Greatly advanced over previous ma- 
terials of Its typq, the new gypsum 
acoustical plaster is mexpensive It is 
very porous, the air passages “blottmg 
up” the sound In mpst cases its use on 
ceilings alone is sufficient 

THE WAT TO WEIGH 
Thtrt'f Ntra to It 
This Nfilt tbt Eyo 

If you had several objects to be 
weighed on a refined balance, how 
would you go about weighing them? 
“Well,” remarks your hard-headed 
friend who is suspicious of too much 
theory, “Fd just plain go ahead and 
weigh them, that’s all What else could 
I do’” 

That could be done and wouldn’t be 


wrong but there are even better ways 
When you begin looking into the sub- 
ject, you find, perhaps, some things you 
hadn’t thought of before At a recent 
meetmg of the Institute of Mathemati- 
cal Statistics, Professor Harold Hotelling 
of Columbia University explamed what 
applied mathematics has to say about 
some of these practical considerations 
of which relatively few readers are 
aware 

“For example,” Professor Hotelling 
pointed out, “if two objects are to be 
weighed on a balance which is known 
to be correct, they should be weighed 
together m one pan, and also weighed 
with one of the objects in each pan 
From the sum and difference tlius ob- 
tained, the separate weights can be de- 
termined with greater accuracy than as 
if the objects were weighed separately 


“If the weighing is to be repeated 
several times so as to get greater ac- 
curacy in the averages, only half as 
many weighings are required in the 
comlDined operation as for separate 
weighings giving the same final ac- 
curacy,” he said 

Greater economies of effort are pos- 
sible with larger numbers of objects 
to be weighed. Dr Hotellmg reported 
If seven objects are to be weighed on a 
scale which must itself be corrected 
for bias, eight weighings are necessary 
in all 

For various other numbers of objects, 
Dr Hotelling described efficient weigh- 
ing plans, for various other situations 
and numbers of objects to be weighed, 
deriving them from the statistical theory 
of the design of experiments by means 
of the mathematical principle of ertho- 
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tonality He pointed out that this sta- 
tistical theory has been used widely 
by agricultural and other biological 
experimenters to improve the efficiency 
of their work, and has also entered 
into census operations and other eco- 
nomic and social investigations involv- 
ing stratified sampling in this country, 
in England, and in India 

However, physicists and chemists 
have on the whole been ignorant of 
the new statistical developments and 
consequently have been put to unneces- 
sary work, or else loss of accuracy, in 
many of their experiments, he declared 

John Mandel, a chemist of New York 
City, discussed Dr Hotelling's papei 
from the standpoint of practical labora- 
tory work, and suggested that an ana- 
lytical laboratory should have some 
simple equipment, including standard 
cups of predetermined weight, to facili- 
tate the application of the new methods 
It was stated that, following Dr Hotel- 
ling’s suggestion, some of the new 
methods are already in use at the 
United States Customs Laboratory in 
Boston 

OIL TESTDIO 
EHoiiaaltf Mtcttsily 
Of Vsiftf Eafiat 

P ERFECTiON of a new method of test- 
ing lubricating oils will help to open the 
way for the lubrication of the high- 
speed, high-compression motors which 
post-war developments will put on the 
market 

The new testing method was de- 
scribed by Dr E C Hughes, director 
Chemical Research Department, The 
Standard Oil Company (Ohio), at a 
recent meeting of the American Chemi- 
cal Society 

Under ordinary procedure, lubricat- 
ing oils must be given at least a 36- 
hour test in an ordinary automobile 
motor This limits drastically the test- 
ing which can be done 

The causes of the deterioration of 
oil in an engine were disclosed to be a 
combination of heat, air, and certain 
catalysts found in engines 

Under the new method the oil is ex- 
amined m a specially designed test tube 
The tube is held in an aluminum block 
in which the temperature is controlled 
to correspond to the temperatures in 
the motor Within the test tube are 
the metals and other catalytic materials 
found in a motor in the same propor- 
tion as they are in motor construction 
The oil IS placed in the tube and a cer- 
tain rate of air is passed through the 
oil A unique arrangement enables the 
an to agitate the oil and keep solids in 
suspension 

'Hiough the test takes 36 hours, many 
of them can be made at the same time 
The results parallel ^hose revealed by 
the use of an engine 

Modern lubricating oil is a laboratory 
product The natural oil is used as a 
base and other chemical materials are 
added to prevent corrosion, sludge, 
thickenirj, tlie formation of “varnish,” 
and the formation of carbon 

“With this in min said Dr Hughes, 
‘The more tests we cah conduct, the 
more rapidly we cam discard unsatis- 


factory products and perfect those of 
superior quality Within the past two 
years we have tested well over 600 
combmations m the laboratory — many 
more than we could have done had we 
used the regular automobile motor ” 

HELICOPTEB CABINS 
Will Incorporate Now 
Plastics Stmctnral Natorial 

P LASTics are being used for the cabin 
structuies of the new helicopter, R-6, 
which may help speed war wounded 
from inaccessible combat areas and may 
soon be servicing military outposts with 
needed supplies 

The plastics material, developed and 
produced by the United States Rubber 



Liqht-woight holicoplor cabin htnno 


Company, was chosen for the cabin 
structures because of its light weight — 
only half that of aluminum of similai 
thickness — together with its great ten- 
sile strength, rigidity, and ability to 
withstand s trams and excessive vibra- 
tion It met specifications of the A A F 
Materiel Command at Wright Field for 
this new structural use after it was put 
to many rigid tests 

Made of Fiberglas, laminated and re- 
inforced with thermo -setting resm, the 
composite material is a non-conductor 
of electricity and is not affected by 
gasohne, oils, acids, most alkalis, al- 
cohol, or fungus growth After a blow, 
it returns to its normal position with 
no permanent distortion or denting 
Another feature is that it retains all of 
its properties in the sub-zero tempera- 
tures of the Arctic as well as m the ex- 
cessive heat of the tropics 

As far as is known, this is the first 
use of laminated plastics on a produc- 
tion basis in this type of construction 
Its success probably will open the way 
for many post-war applications of this 
plastics material It is now extensively 
used to support bullet-sealmg fuel cells 
m all types of combat planes 

PAINT 

km lajperlant Part #1 
Tlia Htasiag Prfblaai 

It is of the utmost importance to 
get the word around that America can- 
not be rebuilt over night, believes the 
Post-War Planmng Committee of the 
National Paint, Varnish, and Lacquer 
Association 

^‘We couldn’t all have new homes at 


once — even if we had the money to pay 
for them and new construction started 
up at full speed immediately post-war,” 
points out die latest edition of the com- 
mittee’s post-war planning publication, 
Looking Toward Tomorrow 

“Our present homes will be needed 
for a long time to come,” it continues 
‘Therefore, for those who live in the 38 
million dwelling units of the nation 
already in existence — ^which now aver- 
age 25 years of age — and for the half 
million new families formed each year, 
we must make our present structures 
last ” 

Furthermore, the bulletin points out, 
the paint industry can help tiie owners 
of down-at-the-heel properties who 
wish to buy new homes Much highei 
prices for their present properties can 
be realized if they are put in the pink 
of paint condition, both inside and 
out, before offering them for sale, it 
states In this way property owners 
can realize a larger sum for investment 
m a new home when it is possible to 
obtain one 

Still another reason for the main- 
tenance of existing dwellings is re- 
flected in the need for housing lower 
income groups As new homes are built 
and occupied, the older, moved-out- 
of homes — if adequately maintained — 
can be used to house comfortably those 
with lower incomes who formerly lived 
in much worse surroundings In time, 
the elimination of obsolete and unfit 
housing can thus be facilitated 

“It’s tremendously important to give 
our nation’s homes a good, rugged 
transfusion of paint plasma as soon as 
possible,” the bulletin stresses, “so 
they will hold their own ” 

CABBON PLATIN6 
Speeded by Ui§ of 
PUsliei Jigg 

In A FIELD where previously-used ma- 
terials were severely limited, Plexiglas 
masking jigs are now used exclusively 
in the copper plating of carbon rings 
by the Morganite Company, manufac- 
turers of carbon specialties Because 
of Its machinability, dimensional sta- 



Topt Ploidglai maokUig iigi. BoNoou 
Carbon rings, ploted except for the 
narrow edges protected by the masks 
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bility, and light weight, Plexiglas has 
been found most successful, not only 
reducing rejects but also stepping up 
production rates Carbon rings to be 
plated are mserted m grooves on either 
side of the Plexiglas jig rmgs They are 
then mounted in gang fashion on a 
carbon rod, electrodes are attached and 
the entire assembly is suspended in a 
plating solution The durability of 
these Plexiglas jigs and their resistance 
to the plating solution makes them 
highly practical 

SPECIAL PBODUCTIOl TOOLS 
Have LimllsS Applicalita lo 
Paace*Tima Naaafaciara 

T HE DEFEATS suffered by American 
arms in 1941 at Pearl Harbor, Guam, 
and the Philippines spawned a phrase 
that no adult American is likely to 
forget during his lifetime — “too little 
and too late ” It was freely and widely 
interpreted to mean that our fighting 
men simply had too few weapons and 
the wrong kind of weapons to meet the 
enemy on even terms . 

Not nearly as well appreciated was 
the truth that these weapons didn’t 
exist because the precision machinery 
required to make them didn’t exist 
either Even after a long uninterrupted 
string of victories m Africa, Europe, 
and the Pacific it is difficult to grasp 
the direct connection between a high- 
speed automatic screw machine in a 
mid-western arms plant and a machine 
gun platoon entrenched m a palmetto 
clump on the island of Saipan 

Mass production in volume means 
proper tooling But even though about 
75 percent of the automotive industry’s 
tools were converted to war production, 
the war products were so radically 
different from cars and trucks, and the 
need for these weapons was so great 
that thousands of additional tools were 
required — special tools, designed speci- 
fically to machine tank parts, to ex- 
trude aluminum for airplanes, to draw 
out slabs of metal into long cartridge 
cases 

These specialized tools, so vital to 
victory, take on a different aspect when 
viewed against the post-war era About 
10 percent of the special war produc- 
tion tools made for the automotive m- 
dustry have no foreseeable peace-time 
use Converting them would be pro- 
hibitively expensive, and their cost of 
operation would be disproportionately 
large after they were converted, be- 
cause they were made to handle heav- 
ier metals in larger quantities than 
peace-time goods would call for 

Consider, for example, a 3300-ton 
rod extrusion press, made to handle 
aluminum for aircraft production The 
complete installation of such a press 
costs $250,000 and, because of its size, 
six freight cars would be required to 
transport it from one location to an- 
other. Throughout the war, it labored 
faithfully on millions of pounds of air- 
craft alummum, but after the war there 
may be no demand for its capacity. 

Or, what of the huge vertical luring 
mills especially designed to speed tank 
manufacture’ Weighing 112/)00 poimds, 
and costing $49,500 each, these mills 


can handle an armored tank turret 
with ease, but in peace-time there will 
be no immediate need for their smews 
Again, what of the complicated ma- 
chine which drills, reams, countersinks, 
and mills the trigger housing of the 
Garand rifle’ Its cutters work simul- 
taneously from six different directions, 
and this one machine alone does in 58 
seconds the work which it formerly 
required four general-purpose machines 
each 11 minutes to perform — an in- 
crease m productivity of 4400 percent 
Many hundreds of machine tools like 
these are in automotive war produc- 
tion, and their daily output of war 
goo^ makes up a large part of the 
mass of material which is giving the 
Allied armies ascendancy on every 
front Their cos^ of construction and 
operation is part of the price of victory 
m war, and their proper disposal bids 
well to be of major importance in the 
over-all problem of reconversion 
To avoid having them interfere with 
reconversion, however, a true and real- 
istic appraisal of their worth to the 
nation’s economy must be made, not 


in terms of their cost, because that cost 
IS part of the price of victory, but 
rather in terms of what they can con- 
tribute efficiently to the post-war pro- 
duction volume of the industry — 
Automotive War Production 

FOOD PACKAfilNC 
Beqairtnentf Sladltd for 
Frostn and Dakydraltd Ftads 

T EMPERATURE IS not an important factor 
in maintaimng stored dehydrated foods 
at a low moisture content, but it plays 
an important part in maintaining mois- 
ture levels in stored frozen foods, says 
Dr G J Hucker, food bacteriologist at 
the State Experiment Station at Gen- 
eva, New York Doctor Hucker and his 
associates are studymg the packaging 
and storage of processed foods under a 
range of temperature and humidity 
Dehydrated beets with a moisture 
content of 5 percent were stored un- 
piotected under various conditions 
ranging from 20 to 29 percent relative 
humidity They reached equilibhum 


SOUTH BEND LATHES 



Play an important part in 

Industrial Itesearch 


Nowheic IS precision equipment moie impoitant than 
in the research woik of industiy For the exacting 
machine work required in the development of special 
testing equipment and experimental models, precision 
lathes aie indispensable Many industrial research lab- 
oratjories, such as that of a large steel plant shown 
above, depend on South Bend Lathes because of their 
unvarying precision and time-saving versatility 

Laiho Bulfdsrs For 38 Yoar$ 

SOUTH BEND LATHE WORKS 

458 EAST MADISON STREET • SOUTH BEND 77, INDIANA 
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NKW LATNK CATALOG 

This new 54 page catalog is 
printed in full color It shows 
and describes South Bend 
Engine Lathes and Toolroom 
Lathes with 9* to 16" swings 
and Precision Turret Lathes 
with and 1" collet capaci' 
ties Complete specifications 
construction features and at- 
tachments are included Ask 
for Catalog No 100-D 
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with the surrounding atmosphere m 
about SIX days m an atmosphere of 90 
percent relative humidity, while it re* 
quired 40 days for them to reach 
equilibrium in 20 percent relative 
humidity With this information as a 
basis, the Station workers made a series 
of tests of protective wrappings and 
packages which varied in moisture 
transmission rates 

“Thirty- two trials of this type have 
been completed,” says Doctor Hucker, 
“and results indicate that, m order to 
maintain a moisture level sufficiently 
low in dehydrated vegetables to retard 
spoilage by microoiganisms, the protec- 
tive wrap should have a moisture vapor 
transmission rate of less than 0 3 gram 
of moisture vapor per square meter 
if the stored foods come in contact with 
an atmosphere of 70 percent relative 
humidity or over The results also in- 
dicate that temperature is not an im- 
portant factor in the protection of stored 
dehydrated goods against moisture ab- 
sorption ” 

In a similai senes of experiments 
with wrapping materials for frozen 
foods where the relative humidity in 
cold storage lockers is relatively low, 
it was found that temperature is an 
important factor in maintaining mois- 
ture levels in stored frozen foods Se- 
lected frozen foods were held at 10 
degrees, Fahrenheit, and at minus 2, 
minus 5, and minus 20 degrees Pre- 
liminary lesults indicate that wrappers 
with higher moisture vapor transmis- 
sion rates may be used for frozen 
foods to prevent “fr' zer burn” than 
can be used in prot ting dehydrated 
foods against moisti ? absorption 

TBAMSPABCNT LAYOBTS 
Assist m Yisnaliziag 
ladastrial Plant Canstrnction 

The PFOBLiM of visualizing plant lay- 
out and location has been effectively 
surmounted by Display Studios of 
Pittsburgh with the use of transparent 
plastics models The synthetic rubber 
factory illustrated, constructed to scale 
for the Blaw-Knox Company, is an 
example of many such plants this firm 
has designed and built 

The walls, floors, and paititions of 


this model are made of Pleitiglas, avia- 
tion^B standard transparent plastics used 
for the familiar bomber nose and other 
aircraft enclosures 

Construction of even the most intri- 
cate mechanical models for study or 
demonstration is simplified with the 
use of Plexiglas, not only can it be 
cut to size with ordinary saws but it 
can be drilled and machined like soft 
metals 

YOOTfl ABB A6B 
Bolh Bavt thtir PUott 
la Ikt Advaaet al Selanea 

T 00 many old men are at the helm in 
science, which needs the originality of 
youth to keep pace with its opportuni- 
ties for service to mankind, according 
to the late Dr Thomas Midglcy, Jr 

“The extension of life, resulting from 
the applications of those principles re- 
garding disease, developed nearly a 
century ago, has produced a condition 
in society whereby too many men are 
being kept in service beyond the years 
when previously they would have been 
eliminated,” Dr Midgley said “This is 
particularly true in those activities re- 
quiring originality for scientific pi og- 
ress 

“Their retention is denying advance- 
ment to younger men at the very age 
when these younger men may be ex- 
pected to be entering those years when 
their maximum efficiency will be at- 
tained Earlier retirement ages or 
transfer for men engaged in work re- 
quiring originality is indicated” 

Dr Midgley explained that he does 
not mean that men over 40 are of no 
use to society, for “it is too evident that 
they are But their usefulness is dis- 
tmctly of a different nature from the 
usefulness of youth 

“Youth is original and creative, while 
age IS simply experience Both are es- 
sential elements on any team that is to 
make for lasting progress I am not 
complaining that we have old men in 
active service, but I do complain about 
having old men in young men’s places ” 

As evidence of youth’s greater crea- 
tivcncss, Dr Midgley cited an unpub- 
lished Patent Office “Table of Important 



Scale model of a factory oSttruciod of door plostict 


Inventions,” langing from the steath 
engine by Watt to the airplane by the 
Wnght brothers 

Of these mventions, 85 in number, 46 
were by men 35 years or less Fifty- 
eight were by men under 40 Thomas 
Edison made the list five times, with in- 
ventions patented at the ages of 24, 27, 
30, 32, and 46 

Dr Midgley, who was vice president 
of Ethyl Corporation, was 33 when he 
attained fame by his discovery of tetra- 
ethyl lead, which has made possible 
spectacular advances in automotive and 
aircraft engines, and which has con- 
tributed vitally to the success of Allied 
air power on the world’s battlefronts. 

The Patent Office list, prepared some 
years ago, begins with Sir William Per- 
kin, inventing aniline dyes at 18 Then 
come William Siemens at 20 with the 
steam engine governor, Bessemer at 21 
with electroplating, Marconi at 21 with 
his first patent on radio, Edison, who at 
24 patented the stock ticker, Howe at 
26 the sewing machine, Whitney at 27 
the cotton gin, Watt at 29 the steam en- 
gine, Bell at 29 the telephone, Mergen- 
thalei at 30 the first linotype, Nobel at 
34 dynamite, Eastman at 34 the Kodak 
camera, the Wrights the airplane at 34 
and 38, Fulton at 36 the submarine, 
Goodyear at 39 with vulcanization of 
rubber 

Fulton at 42 patented his steamboat, 
Siemens at 44 the dynamo and open 
hearth process, Stephenson at 45 the 
first successful locomotive, Morse at 46 
bi ought out the telegraph, Roentgen 
made his x-ray apparatus at 50, Daim- 
ler patented his gasoline vehicle at 52, 
and Harvey patented Harvcyized steel 
at 67, the end of the list 

The onginal work leading to a patent- 
able invention often is done some time 
before the actual invention itself re- 
sults, and this must be considered in 
trying to reach a tiue measure of the 
originality factor for various age levels 

Dr Midgley concluded “For genius 
and display, take youth, for cold cal- 
culation and planned execution, take 
age ” 

WELDING NACBINES 
Bo Longer Canse 
Power-Line Troubles 

Improvemi-nts in the design of resist- 
ance welding machines, together with 
excellent co-operation between manu- 
facturers of resistance welding ma- 
chines, power company officials, and 
resistance welding machine users, have 
solved the power load problem and 
eliminated the difficulties encountered 
10 to 15 years ago when resistance 
welding equipment was connected to 
power lines 

This opinion was voiced by Mr A 
D McLay, vice president of The Detroit 
Edison Company in charge of sales, 
during a talk before a recent meeting 
of the Resistance Welder Manufac- 
turers Association 

Years ago, the installation of resist- 
ance welding machines caused power 
companies considerable trouble because 
the electric lamps of other consumers 
would flicker, grow dim, or almost go 
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out when Uie equipment was used In 
addition, it caused interference with 
the power supply of nearby factories 
and was responsible for numerous 
complaints from other customers 

Design improvement, plus better co- 
operation between resistance welder 
manufacturers, the power companies, 
and users, have enabled them to deter- 
mine the power load required and take 
steps to anticipate difficulties before 
they actually occur This may be done 
through the installation of a motor 
generator set, running in lines to take 
care of the extra load, and at times 
isolating sections of sub-stations to 
meet load requiiemcnts 

BUBBER-TO-METAL 
Adhtsive Shows 
Great Versatility 

Development of an adhesive that is in- 
creasing the service of thousands of 
American combat vehicles and aircraft, 
and that is conserving tens of thousands 
of houis of manpower for war produc- 
tion, was reported recently by L R 
Jackson, executive vice president of 
The Firestone Tire and Rubber Com- 
pany 

The adhesive was described by Mr 
Jackson as the only one that will bond 
any synthetic rubber to metal This 
means that it eliminates involved, time- 
wasting, and costly steps in many 
manufacturing processes whore rub- 
ber must be bonded to metal 

*Tn addition, the new adhesive has 
the greatest bonding strength of any 
now known,” he said, “and consequent- 
ly permits longer and more efficient 
service by the dozens of rubber- to- 
metal bondings in aircraft and combat 
vehicles ” 

Many metals, he explained, formerly 
had to be brass-plated before they 
could be bonded to synthetic rubber 
The new cement not only eliminates 
this step but provides a more uniform 
adhesion than is possible through the 
brass-plating method 

The presence of spots of water or 
rust film, both of which destroy the 
effectiveness of other cements, does not 
affect the adhesive 

This cement is particularly valuable, 
Mr Jackson pointed out, in bonding 
rubber to aluminum, which can not be 
successfully brass -plated Since alu- 
minum and magnesium are the key 
metals in the aircraft industry, the new 
adhesive has a very important role in 
that field, and will be equally valuable 
for use with the light metals sched- 
uled for post-war automobiles 

VITANDT A SOURCE 
S»tB in Leal Wastes 
From Vofolables 

Wasted leaves from cairots, beets, and 
spinach are rich souices of carotene 
and vitamm A, according to studies 
reported to the American Chemical 
Society. 

One possible use of this vitamin A 
is in feed supplements for ammals, 
thus turning back to the farm food 


Ingenious New 
Technical Methods 

Pr«s«nt«d in th« hep* that they will 
prev* interesting end useful te yeu. 
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New 9000** Arc Torch Can Be Used 
for Welding and Brazing All Ferrous 
and Non-Ferrous Metals and Alloys 

Now an arc torch that makes it possible to do mo^t 
jobs electrically that prcMously were thought possi- 
ble only with gas This attachment for arc welders 
provides an independent source of heat by means of 
two carbons It is capable of producing intense heat, 
approximately 9000'^ F , over 2000° hotter than an 
oxyacctylene flame Pure heat, no oxygen or gas to 
contaminate the weld No pressure to force the molten 
metal away or blow holes in light sections 
Developed to capitalize to the fullest on the time- 
saving advantages of electric welding, the new 
Mid States 9000° arc torch can be used with any AC 
or DC electric welder It opens up new horizons 
of service in this field, ne\er before possible with 
an electrically operated instrument 

New uses are being found every day for products 
that have been familiar to us for years Wrigley s 
Spearmint Gum, always enjoyed for its chewing satis 
faction, is now proving with the fighting men over 
seas many benefits which will be useful to you in 
peacetime One of the big factors in mass production 
IS the alertness and eflficiency of the man on the job 
I he chewing of Wrigley s Spearmint will help keep 
you alert and wide-awake during those work periods 
that, while seemingly dull and monotonous, tall for 
watchfulness in order lo get perfection in the final 
assembly 


You can get complete mformatttm from Mtd Stata Equtp 
went Co 2429 South Michigan Are ( huago 16, III 



For BRAZING Steel, Cast Iron, Malle- 
able Iron, Copper, Brass, Bronze, and 
other ferrous and non-ferrous metals 



For HEATING to Straighten or Bend, etc 
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value salvaged from mateiial forrneily 
wasted 

The new experiments, testing several 
diffeient methods of extraction, ob- 
tained from leaf wastes deep red caro- 
tene concentrates equivalent to 20,000 
to 200,000 International Units of vitamin 
A per gram, say Monroe E Wall, Ed- 
ward G Kelley, and J J Willaman of 
the United States Department of Agri- 
culture’s Eastern Regional Rcseaich 
Laboratory, Philadelphia 

“Although they may vary within wide 
limits, spinach, beet, carrot, turnip, 
kale, and brocoli leaf wastes, when 
properly collected and dried, have an 
average of 300 to 700 micrograms of 
carotene per gram,” they add “Hence 
it is conceivable that carotene concen- 
trates may be economically prepared 
from these materials ” 


The throe researchers described a 
number of methods for preparing caro- 
tene concentrates from \egetable-leaf 
meals, most of them based on the rapid 
saponification of chlorophyll in petro- 
leum ether solution, followed by ad- 
sorption treatment with dehydrated 
lime 

The methods developed will be tested 
in a pilot plant to determine their suit- 
ability for commercial production of 
vitamin A as a food or feed supplement 

DBAFTIRG DfSTBUNEMTS 
Now Nado Procisaly from 
Plashcf Nalori&ls 

RODUCTioN of Vitally needed drafting 
instruments has been materially in- 
creased through developments by 
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Percies Brothers, Inc , which makes 
possible greater accuracies m thermo- 
plastic molding than ever before 
In some cases, instruments such as 
triangular relief facet scales are being 
produced complete and ready for use 
m 24 hours by thermo-plastic molding, 
compared to the two to three years 
formerly required for boxwood alone 
or celluloid- faced boxwood scales Sea- 



Injectlon molded plastics make high- 
precision scales and droJting tools 


somng of the boxwood took 24 months, 
and if celluloid was applied, another 
12 months was required for it to set 
and cure properly 

All the instruments are being pro- 
duced by the in 3 ection molding process, 
and several different types of plastics 
materials are used However, it is the 
accuracy and precision achieved by 
Percies in the dies for the various in- 
struments that has made their produc- 
tion possible Using special equipment 
and special methods in its own en- 
graving, tool, and die departments, the 
company has been able to maintain 
a dimensional tolerance of one half 
of one thousandth of an inch per inch 
between lines as delicate as three to 
three and one half thousandths of an 
inch in width 

Another step forward in the en- 
gravmg of the fine dividing lines in 
the Percies plant is that the lines are 
deeper than they are wide, which in- 
creases the life of the instruments and 
also make it far easier to wipe m the 
color 

Plastics used in slide rules arc Lucite, 
made by Du Pont, Plexiglas, made by 
Rohm and Haas, and polystyrene, made 
by Bakelite, Dow, and Monsanto The 
five-inch types are mdde of Lucite or 
Plexiglas and polystyrene The ten- 
inch slide rules are made entirely of 
Lucite or Plexiglas 

High precision likewise is attamed 
in the other instruments now being 
molded by Percies Calibrations on the 
triangular relief facet scale for engi- 
neers are in tenths, twentieths, thir- 
tieths, fortieths, fiftieths, and sixtieths 
of an inch The triangular scales, as 
well as flat four-bevel scales for archi- 
tects and engineers in 6-inch pocket 
size and 12- inch standard size, are 
molded either of L icite or Plexiglas 

CtLB-PUTEB MOLDS 
iacrsass Prsdaciitn #1 
Plastics Pixlafs 

Fifty thousand man-hours represents 
a lot of time and a lot of valuable man- 
power, especially if that manpower is 
made up of hit^hly skilled tool makers 

Thaft was the nevertheless, 

which, with the ordinary procedure, 
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would have been necessary to complete 
an order for a vitally essential fixture 
(it’s still a military secret) for a branch 
of one of the Armed Services The need 
for thb part was urgent 

The use of conventional methods was 
out of the question That would not 
only have taken 50,000 man-hours but 
to complete the order, thousands of 
pounds of precious tool steel The con- 
tract had been given to the Eastman 
Kodak Company so it was up to Kodak 
to produce. 

Kodak chemists proved first that the 
fixture could be molded of a casting 
resm instead of steel and thus made 
the first cut in cost and time But then 
too much time was consumed in paint- 
ing the original mold after each casting 
to permit the release of the molded 
plastics There was another huddle of 
chemists and they came up with the 
answer By gold plating the original 
mold — a method never before used — the 
increase m production was almost un- 
believable They could produce the fix- 
ture with this method at the rate of 
four an hour or about 60 times faster 
than would have been possible with the 
old accepted method This method also 
resulted in much closer tolerances 
and a smoothei over- all finish 

LICHTXnC 

Ms! a Power Searee, bal 
Boaoficial ia Otker Ways 

M 

■wIan’s dream of harnessing lightning 
flashes for electrical power has been 
kicked into the realm of scientific non- 
sense, according to studies made by 
Dr Gilbert D, McCann of the West- 
inghouse Electric and Manufacturing 
Company, who recently stated that 
investigation has shown that the maxi- 
mum electrical energy that could be 
obtained from the two billion lightning 
strokes that annually bombard the total 
earth’s surface is approximately 175 
billion kilowatt-hours per year 

“In contrast,” the scientist, whose re- 
ports on lightning are internationally 
known, added, “Uie American power 
station industry alone last year gen- 
erated 221 billion kilowatt-hours — about 
one third of the total electric energy 
generated m the world These men 
have outdone nature on a major scale 
and have, through engineering skills, 
set aside the wild dreams of men who 
would harness lightning” 

Dr McCann explained that while 
lightning carries a terrific wallop, its 
usable energy is only of momentary 
duration 

The powerful strokes that np into 
buildings, split trees, and sometimes 
kill human beings release energy at a 
very great rate For example, a stroke 
can momentarily produce upwards of 
200,000 amperes — enough current to 
light two hundred thousand 100-watt 
light bulbs or a city of about 30,000 
population However, it could do this 
only for a fraction of a second 

At the same time, Dr McCann said, 
lightning serves two very useful pur- 
poses — releasing nitrogen from the air 
and charging the earth’s crust with 
electricity. 

^ghtning is much like rain,” he 


continued, in that it is “a sudden tangi- 
ble precipitation that has been accumu- 
latmg slowly and mvisibly In the spec- 
tacular show that lightmng stages, the 
stroke itself, the thunder it creates, and 
the damage it causes are visible actors 
But they are only three fourths of the 
cast The unobserved principal is the 
constant flow of electricity from the 
earth to the clouds 

“To offset this loss of electricity, the 
earth’s surface must be struck by light- 
ning at the average rate of 50 times a 
second, or about two billion times a 
year ” 

Nitrogen is produced for the earth’s 
surface in this way The action of the 
thunderbolts in streakmg through the 
atmosphere releases nitrogen from the 
air In the form of mtric acid, the nitro- 
gen falls in ram drops and enriches the 
soil. “In this way,” Dr McCann pointed 
out, “lightning annually produces near- 
ly 100 million tons of nitric acid — ^more 
of this soil builder than is manufac- 
tured by all the world’s fertilizer 
plants ” 

L16HT PLASTICS 
Hat Many laivlatioa, 
rioiatioa Potsibililiat 

p 

■ LAsnes foam weighing only one sev- 
enth as much as cork has been de- 
veloped and IS being manufactured by 
United States Rubber Company Im- 
portant peace-time uses foreseen in- 
clude insulation for trains, airplanes, 
automobiles, and homes and m life- 
saving equipment such as life preserv- 
ers and floats 

Although it has great buoyancy, it is 
semi-rigid Because it contains so much 
air space, it has good insulation and 
sound-deadening properties in com- 



New plostlct foam has intulattng 
qualitioB* U extromoly light weight 


parison to its weight It weighs less 
than a pound and a half a cubic foot 
and can be made to weigh as little as 
three quarters of a pound per cubic 
foot 

To produce the new and different 
war material, a combination of syn- 
thetic plastics materials are foamed and 
then solidified The new product is 
called “fiotofoam” because of its buoy- 
ancy 
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New Products 


0IANOND DHESSEB 

Wheel dressers made with small com- 
mercial diamonds set mto a matrix of 
Carboloy cemented carbide are being 
used to true-up recesses in flmsh 
grinding wheels employed to grind air- 
craft cylinder sleeves 
When a conventional single diamond 
dresser was used for the recessing op- 



electric motor furnishes the necessary 
power Five index bars are supplied 
to provide any desmed retoothing for 
either cross-cut or np 
To re tooth any hand saw, the handle 
IS first removed The proper index bar 
IS selected, placed in the saw earner 
and tightened in place with two C 
clamps Next, the bed-plate is swung 
to the proper angle for cross-cut or rip 
saws and tightened The saw and car- 


rier are tlien inseited into the machine 
from the left until the index bar ls 
under the pawl, and power is applied 
The teeth are punched out one at a 
time in rapid succession (240 per min- 
ute) until complete retoothing is ac- 
complished It IS unnecessary to cut or 
grind off the old teeth — they come off 
as chips The new teeth are ready foi 
setting and filing 

TCRSATILE WELDEBS 

T wo “post-war” additions to their 
new storage-battery powered line of 
resistance welders have been an- 
nounced by Progressive Welder Com- 
pany The first of the new additions 
is an “economy” spot-welder of the 
rocker-arm type, completely self-con - 



Dressing a rscsssed grinding wheel 


eration — which is necessary in older 
that the grinding wheel may produce a 
sharp corner at the bottom of the 
cylinder sleeve’s flange — the holder had 
to be ground flat and the diamond 
lapped so that the stone would perform 
the dishing-out operation correctly 
without the holder touching the edges 
of the recess 

The Carboloy diamond-impregnated 
dresser, on the other hand, contains 
diamond particles distributed through- 
out the matrix, thereby insuring that 
at least one or more of the stones 
will be in contact with the grinding 
wheel at all times as the holder is 
swung through a small arc Moreover, 
new cutting faces are presented to the 
abrasive wheel as layer after layer of 
diamonds are reached and exposed, due 
to the gradual wearing- away of the 
carbide matrix Hence, no lapping and 
no re-mountmg are needed as in sin- 
gle diamond dressers 

HANDSAW BETOOTBEB 

T HE NEW Burro automatic handsaw 
retoother will, it is reported, do a per- 
fect job of punchmg a perfect set of 
new teeth in an old handsaw in less 
than one mmute The retoother con- 
sists of a punch and die mechanism, a 
drive wheel, a feed mechanism, guide 
blocks, and clamps with adjustable 
spring tension, ^ assemble and 
motmted on a base A Vi horsepower 





rueu Jrm . . . 

• i()i)A\’ oiir Atiin is iisiiii: tlu? W’olicnsak prisru l^iruKul.ir 
on many tiuhtinu I f onts, rius is the same W’ollcnsak jj;lass that 
\(»n pri/etl on prewar huntim; ami fishini; trips , . . that 
l->ri>uitht >a)u i^reater efijo\meni at sporiintt esents, on \ata- 
iit»n travels. 

AlTF'K THl. W AR, you’JI want a ticu W'olJensak hinoiular. 
Y ou’ll like its improved li^ht transinitlini; power — ma(.ie pos- 
sible by special lens (oatinjL; methods developed <lnrini; the 
war . . . ant] h\ W\)llensak experience and skill in precision 
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THE HENRY SYSTEM 
Of Finger Print 
Ciassification 
and 

Identification 

18 now in use by most 
of the Police Departments in the 
United States It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

**THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to 6nal identification Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the FBI 

$4 25 postpaid 

Order From SCIENTIFIC AMERICAN 
24 West 40th Street, New York 18, N. Y. 


Experimental and Model Work 

Ftns Instruments end Pine Ifachlnerf 
Inventions Developed 
Special Tools. Dies, Oear Cutting Ktc 

HINRY ZUHR, Inc, 107 Ufoyatfa St, NY 13, N Y 


I ★ BUY WAR BONDS ★ 
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Easy to Plate CHROMIUM 

GOID, SILVER, NICKEL, COPPER 
For Pleasure and Profit t 
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Warner I Itdropliur At tlit htroke 
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vou c in nplift worn irtldts fan 
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City 


tamed, with storage batteries, con- 
tactor-controller, and infinitely vari- 
able heat-control regulator all enclosed 
in the base 'Ihe second machine is of 
the heavy-duty type and designed so 
that both spot- and roll-welding can 
be performed on the same machine 
with but minor changes Batteries for 
this type of machine are housed — ^with 
contactors, battery chargers, and con- 
trollers- -in standardized “power-pack” 
units 

In addition to ability to weld con- 
ventional steels with these welders, 
both models aie designed to handle 
spot welding of such important ‘‘post- 
wai” materials as stainless steel, alu- 
minum, and so on 

HIGH-LIFT TRUCK 

What is said to be a definite departuie 
in material handling equipment, devel- 
oped and introduced by Lyon-Raymond 
Coiporation, is a combination of a lift 
tiuck and a tiering machine This hy- 
draulic high-lift truck is exceedingly 
light in weight compaied to equipment 
designed to do this one phase of ma- 



Light in weight, easily maneuverable 

terial handling, which accounts in a 
degree for its movability It turns read- 
ily within its own length It is made of 
special tubular and formed steel con- 
struction and IS Timken equipped A 
powerful floor lock and fingertip con- 
trolled lowering device are features 

COMPRESSED AIR PURIFIER 

Designed to eliminate free moisture, 
oil, and all foreign matter with a heav- 
ier specific gravity than air from pass- 
ing through compressed air lines, a 
new purifier has just been developed 
by the Bird-White Company 
Known as the Model A-1 Pur-O-fier, 
this new unit uses positive centrifugal 
action as a medium for purification It 
weighs only lYi pounds and is just 
inches in diameter by 5 9/16 inches 
deep including plastics and transparent 
entrainment sump No maintenance is 
required on the unit other than drain- 
ing the sump, which can be easily ac- 
complished by opening the petcock m 


the bottom For intermittent operations 
the new Model A-1 Pur-O-fier is 
extremely sensitive to the slightest 
movement of air and provides positive 
purification of air lines at all times It 
can be used in connection with many 
air-operated devices, more specific ap- 
plications being dental machines 
where absolute cleanliness is a re- 
quisite, production lines where parts 
must be kept clean for assembly, and 
compressed-air units for offset spray 
devices 

CLAMP 

The Cam-O-Lok clamp, developed by 
Mechames Engmeeiing Company, is 
made m three types, for light, medium, 
and heavy duty The clamp is instantly 
adjustable over the entire range of its 



Readily adjustable over wide range 

vertical holding capacity When objects 
to be held vary in thickness, no adjust- 
ment of the hold-down bolt is necessary 
to obtain the desired clamping pres- 
suie Locking and unlocking are ac- 
complished by means of a threaded 
element in the positioning handle Lu- 
brication is provided foi the threads 

APRONS 

Lightweight laboiatory and industrial 
aprons made with high-grade cotton 
fabric and a vinyl-resin coating are 
particularly well suited for operations 
in laboi atones, battery shops, tanneiies 
canneries machine shops, and on the 
farm 

The vinyl -resin coating makes the 
Goodrich apions water-pioof, acid- 
proof, alkali -proof, and oil and grease 
lesistant They are flexible and con- 
structed with hemmed edges and le- 
inforced neck and waist tapes 

PAINT STRIPPER 

A highly efficient water-soluble paint 
stripper that loosens paint for speedy 
1 emoval with water has been developed 
by Turco Pioducts, Inc According to 
the manufacturer, the hosing off of an 
application of this stripper leaves a 
clean, paint-free surface requiring very 
little after treatment to prepare foi 
further processing 

The new material, known as Turco 
Stripper L-780, is claimed to be non- 
corrosive on metals, making it safe for 
use on any aircraft part or assembly 
and recommending it for the removal 
of zinc chromate primer as well as other 
paint coatings It is said to be safe for 
use on wood and to cause no tendency 
to warp 

Due to the water-soluble character- 
istic of Stripper L-780, brushes and 
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cleaning equipment can be cleaned for 
re-use quickly and completely by a 
vigorous churning in a bucket of wa- 
ter 

Applied with brush or spray, the ma- 
terial is left on the surface until it 
tests ready for removal (5 to 20 min- 
utes) Loosened paint is scrubbed with 
a water saturated brush to form a 
sluiry Slurry is then removed by hos- 
ing with water, steam, or air and water 
gun 

ROLLER TOP 

For US! with the Lyon-Raymond hy- 
draulic elevating table, a new remov- 
able and reversible roller top is now 
available Instant installation or re- 
moval of the roller top is possible 
since the framework fits down over the 
permanent top, eliminating any neces- 
sity for bolts or other fastenings The 
roller top consists of a rigid, welded 
framework, supporting ball-bearing 
conveyor rolls 

Since the table top is square, the 
roller top can be placed to convey 
from front to back, or from side to side 
This understandably increases the 



Useful in conveyor systems 


table’s usefulness for a great many 
applications With the roller top, the 
hydraulic elevating table is commonly 
used in conveyor systems to accomplish 
a change in level or diiection It is 
also highly desirable in many die hand- 
ling and feeding operations 

SWITCH RREAKER 

Relatively free from the effects of 
extreme high and low temperatures, a 
new circuit breaker is announced by 
Littelfuse Incorporated The actual 
trip temperature of the new breaker 
without flow of current is 350 degrees, 
Fahrenheit, ambient temperature This 
outstanding resistance is accomplished 
by new bi-metal design There is, of 
course, a clear distinction between op- 
erating and ambient temperatures The 
high differential between operating and 
breaking temperatures is a distinguish- 
ing characteristic of this circuit 
breaker 


The bi-metal is used as the finger 
that pulls the trigger No appreciable 
mechamcal load is exerted on the bi- 
metal as it trips the breaker Thus a 
new degree of dependability and uni- 
formity of performance is reported 
While primarily designed for mili- 
tary uses — aircraft, tanks, ships, landing 
craft, and so on — the high time lag of 
the breaker well adapts it to protection 
of motors and other equipment having 
high starting surge currents 

PITOT REAR»6S 

ivoT type ball bearmgs are now avail- 
able from Miniature Precision Bearings 
in sizes ranging fiom 2 to 10mm out- 
side diameter and made of beryllium. 



Small bearings now available 


ScieRtiiic ARwricon’s 
two telescope books 

AMATEUR TELESCOPE 
MAKINO and 
AMATEUR TELESCOPE 
MAKINO — ADVANCED 

were prepared before the war, with- 
out the lightest thought of sale to 
professiotialf. Came the war. Hun- 
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical staffs 

For their Workmen 

Why’ 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike Today the two books are in 
nearly every optical industry’s offices 
in the nation They ”rate.” 

Amateur Telescope Making $4 00 
postpaid, domestic, foreign ^4 35 
Amateur Telescope Making — Ad- 
vanced $5 00 domestic, foreign ^5.35 

SCIENTIFIC AMERICAN 
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stainless, or chiome steel as required 
for the application The beaiing races 
arc machined from solid bar stock and 
highly finished on raceway and cxterioi 
surfaces Each bearing is equipped with 
four balls of the same material as the 
cup and fitted with a retaining cap 

BLACKERIMG PROCESS 

Chemical blackening of fenous paits 
can now be accomplished by a new and 
simple process which utilizes immersion 
equipment that can be set up quickly in 
small manufacturing or plating plants 
with equipment that is alieady avail- 
able or obtamablc at very small cost 
The Ferrotone bath, developed by 
Turco Products, Inc , operates at a tem- 
peratuie considerablj below that re- 


I Send for FREE LITERATURE on 

LTINTS 
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Reg Patent AJtorneysSmce 1875 
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ValuabU Fur Dcliciout Meat 
Easily Raised Pleasant Pastime 
Tremendous Demand 
Small Investment lorge PreOt 
OfFer You Security g 
Independence 

WILLOW BROOK FARM 
R93, Sellertville, Pa 



4,000 Parts Per 
Day with 
DLACRO Bender 

"Enclosed is picture 
ytaken in our plant which 
proves the DI ACRO Bend 
er will do a real production 
job We are making 4,000 com 
pleted parts per day, which in 
competitive to most 
Power Presses 
(Name on request ) 


Here is an example of "DIE LESS DUPLICATING" typical 
of a great vanaty of formed parts readily made with DI ACRO 
Precision Machines — Benders, Brakes Shears Picture shows 
the finished pert formed to die precision, including acute 
right angle band Woman operating DI ACRO UNITS 
maintain a high out put on production work 

, ^Pronounced "DIB-ACK-RO** 



SEND FOR CATALOG 
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347 EIGHTH AVE , SOUTH, 
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S‘av9 

Sftt«l«Grlp Ftti0«r Ouonis 

Hundreda of factorim are navinc time 
and iniurUa in war production by 
protectltiK workers with Steel-Grip 
Finger (vuards Used for hnndiing 
rough or sharp articles for buffing 
grinding sanding polishing, punch 
press work and hundn^ls of other jobs 
l*rotect fingers or thumb front or 
back, from tuts abrasions or blisters 
Made of durable leather with clastic 
web back for snug, cool comfortable 
fit Easy on and off One size fits all, 
men or women Send 10c each for 
samples or trial order box of 50 at 
8Hc each leas 10% 

CaUUog of *tUol Grip Safotp 
Apparol froo on roenosl 

INDUSTRIAL GLOVES COMRANT 
. Indwtrlal 330 Gcndlald, DanvIlU, Ullnalt 
Sinct 1910 (In Cenada Safety Supply Co , Toraala^ 
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Binary Slide Bale 
I a 30 Inch itralgbt 

^ rule in preoislon 

Hlui O CX, A. K. Lot, LLl. 
LL3. LL3 Ll 4. Binary 
Olyee Trig functions to 
Add and Subtract Bcalea 
X minute from 0 to 00 
degrees The englne-dl- 
ylded aoalee are on white 
enameled metal Perma- 
nently accurate Dla 8 V 4 * 
Large flguree and gradua- 
tions eliminate eyeetraln 
Exceptional value and 
Inatruotlona 96 00 , oaah or 

Durable case 8 O 0 extra. Olroulare free 

‘ ‘ . ... 


Price with 


Tour money back if you are not entirely 

OUson Slide Bole Oe . Stnari, na. 
Slide Rule Makere elnee 1911 







Conmioto HOME-STUDY 

COUASKS »nd solf Initruc 
ttan t«xtb«M>ka •lishtiy 
lUnUMi »olil, vxchansed All 
■ablMts 100% tMtjHiactlon 
Gub p«i<l /or as«a coursci 
Pull datulls A 100 paar* IMua 
Cratad barmin catalog Frsf 
,Dspt 8.41 Ch»caso4.lN 
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INVENTORS 

Free Pateni Guide • 


^ RKOTEGT YOUR INVENTION 
WITH A U. S. PATENT 

Take first step te protect your 
rlghte to your Invention — without 
oect Mall coupon today lor Free 
‘‘Record of Invention* form and complete Instructlens 
for making legal dlscloeure of Invention and 
eetabllehlng date We aleo send 48 page free Book 
“Patent Guide for the Inventor*' telling importance 
of prompt action how to sell and market your 
Invention, how to make Application for Patent 
eauunplee of Successful inventions Also details 
of bow a Patent protects you our reasonable 
chargee for preparing applloatlone Including official 
drawinga and technical speclficatlone confidential 
search service to be reaeonably certain Invention 
te patentable prompt service etrlct eeoreoy plan 
for you to pay in small payments as application 
progresses, other facts you want to know about 
Patent Protection Mall coupon for Pree “Patent 
s Ouide” and “Record of mventlon" form today 
^ 


CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 




quired by oxide finishing baths Ferro* 
toning, an entirely chemical process, 
provides a gleaming black or rich 
matte finish which is integral with the 
metal itself and is extremely durable 
It does not chip, flake, or peel even 
under repeated flexing It will not 
blister and can not be removed under 
routine cleEUimg operations by the ac- 
tion of solvents or degreasing agents 
The process neither increases nor de- 
creases the dimensions of the treated 
metal 

SURFACE fillNDER 

Latest developments in balance and 
construction give the new model G-1 
DoAll surface grinder a dependable 
accuracy which enables even “green” 
operators to rely on the machine for 
constant fine work With standq^d gnt 
wheels, the machine produces a fine 
finish to within six micro- inches An 
innovation m design permits the opera- 
tor greater convenience and closer 
inspection of the work while grinding 
Built for tool room use and light pro- 
duction work where accuracy is para- 
mount, it has a table travel of 21 inches 
and transverse travel of 7% mches with 
a vertical wheel head adjustment of 



Grinding accurocy is built in 


12 inches, using a 7 by IV4 inch wheel 
Extreme rigidity, so important to pre- 
cision finish, is inherent m the 2200- 
pound machine This is almost double 
the weight usually found in a tool room 
surface grinder This great weight, 
while helping to absorb vibration, is 
also used to advantage at all vital 
points 

An especially constructed combined 
hydraulic control umt eliminates all 
piping usually found in a surface 
grinder of this type This one umt con- 
trols the five hydraulically actuated 
movements of the machine 

PUTDI6 OR CLASS 

T HE UNUSUAL adheslon obtained by 
Electro Plastic Processes m plating on 
plastics materials has been further 
adapted for application to glass and 
ceramics Laboratory and field tests m- 
dicate greatly improved hermetic seal- 
ing Tests on Pyrex glass have been 
conducted by heating the solder-sealed 
piece to 350 degrees, Fahrenheit, and 
immersing it immediately in dry ice, 
indicating the adaptability of the new 
process for all temperature ranges Ad- 
hesion obtamed is reported to be much 
better than that of other commonly 
used methods 

Any normal soldering method is 
^tisfactory — ^hot iron, oven soldering 


or electronic, and no special solders are 
required Either glass or ceramic cases 
can be plated with a metallic band for 
soldering to metallic end caps, or in- 
sulators plated for solder sealing to me- 
tallic containers 

ncmririCATiON stamps 

H AND stamps by which even more in- 
formation can be conveyed than by 
conventional hand stamp designs are 
now available from New Method Steel 



Stamps, Inc These new “Letter-Out- 
line” stamps are particularly suitable, 
for example, where several sub-con- 
tractors may be making the same part 
and shipping them into the contractor’s 
plant in quantities With the new hand 
stamps, not only is it easy to identify 
the company which supplied the parts, 
but the latter company can also identify 
the individual operator or inspector 
responsible 

All such information can now be in- 
cluded on one hand stamp by a de- 
sign which utilizes a large mitial letter 
as an “outline” on the stamp, while 
other pertment information as to op- 
erator and operation performed on the 
part IS included within that character 
outline 

PRESSURE RE6ULAT0R 

A NEW regulator, designed to hold 
air pressures constant regardless of 
changes in flow as well as variations in 



To hold dir proBBuroi constant 


supply pressure, operates on the pneu- 
matic “null” balance prmciple and may 
better be described as a pressure con- 
troller, since the main air valve is 
operated by a detecting nozzle This 
nozzle operates with a constant differ- 
ential pressure to hold the manual load- 
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mg spring at essentially the same posi- 
tion, regardless of variations In flow or 
in supply pressure 

An automatic bleed is provided, to op- 
erate when a reduced regulated pressure 
IS required The automatic bleed also 
serves to permit reverse flow when the 
regulator is used as a hmlt control on 
industrial instrument applications 

COOLMT SEPABATOB 

Embodying an entirely new method for 
automatically removmg harmful mag- 
netic metal and abrasive particles from 
hohing coolants having a non-soluble 
base, a magnetic-automatic coolant 
separator has been brought out by the 
Barnes Drill Company No filters are 
employed by the separator and all mag- 
netic particles are automatically re- 
moved through magnetic attraction 

The separator is a self contained, 
motor driven unit, employing a mag- 
netic rotary drum, which attracts me- 
tallic particles as they pass through the 
coolant and carries them out as the 
drum rotates The drum is constructed 
of a series of permanent magnets 
mounted all the way around the inside 
and rotating with it 

The coolant flows rapidly m a thin 



Magnetic drum does the trick 


wide channel through the lower pait 
of the separator in a counter direction 
to the slow rotation of the drum The 
metal and abrasive particles adhere to 
the drum and extend on end in a defi- 
nite brush-like pattern Then, as the 
drum rotates, the entire sludge mass is 
scraped off and discharged through a 
chute into a movable pan Constant 
swarf removal maintains reservoir 
storage There is no temperature rise 
and the coolant returns to the reser- 
voir into the base of the machine, ready 
for immediate recycling 

CAST-TO-SHAPE STEELI 

T ooL steels are now bemg cast-to- 
shape for commercial applications by 
the Cast-to-Shape Division of Jessop 
Steel Company. Finding wide appli- 
cation in industry, cast-to-shape tool 
steels are used for dies, forming tools, 
glass molds, gages, hobs, gears, cams, 
and numerous other items. Advantages 
that may be obtamed by using this 


process include savings of time, labor, 
material, and machixung costs These 
savings are most noticeable in the case 
of tool steel dies needed for immediate 
production, for the die is cast to the 
shape in which it will be used and re- 



Exampiei of catito-shops parts 


quires only a minimum of machine 
finishing All castings are furnished 
in the annealed condition to facilitate 
machining 

Standard types of tool steel tastings 
are regularly being made, in the latest 
types of casting equipment, of air hard- 
ening, oil hardemng, flame hardemng, 
stainless and heat resistant analyses 
Many other analyses of specialty steels 
are available and even the user’s 
“tailor-made” specifications may be 
cast to shape 

COUPLOICS 

Rubber couplings which have had con- 
spicuous success in many parts of the 
pipe-laying field have now been adapted 



Rubber couplinqi serve os seals 


to other uses, it is announced by The 
B F Goodrich Company The coupling 
IS effective as a seal or as a flexible 
joint, and is particularly valuable in 
applications where vibration might 
cause metal-to-metal couplings to fail 
The Flexlock coupling is a gasket 
or ring having nbs or fins running 
circumferentially both inside and out- 
side Inside fins not only grip the out- 
side surface of the smaller pipe but 
also furnish a maximum sealing pres- 
sure. The outside fins are so designed 
that deformation of pack takes place 


POCKET 

MICROSCOPE 

Equipped with fully 
Achromatic lens sys- 
tern 40X 50X 60X in 
some tube, Price 
$1500 in leather case 

E. W. PIKE & CO., 

Elizabeth 3, N J 

*nt 
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= 13346+ 

What about the decimal point? Place it oulckly 
and accurately with the Dacimallxar Pocket 
atza, m leather caae, ^2 50( with extra (mul> 
tiplylng and dividing) scale, ^3 Money>back 
guarantee 

GEORGE H MORSE 

927 28th St South Arlington, Vo 
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teU you step by step 
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matloo show 115 funda- 

mental mechanical movemehts 
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Ail Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHFAD IN BUSINESS 
contains a message of particular impor- 
tance to production men This is your 
opportunity to obtain a copy of this 
famous book, which has been described 
as a ‘‘turning point in the lives of liter- 
ally thousands of men*'* 

Although “Forging Ahead in Busi- 
ness“ has been distributed to more than 
3,000,000 men, today’s timely edition 
was written in the light of recent world- 
wide developments. Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry 
It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a nelpful, over-all picture is provided 

Said one man who had sent for 
“Forging Ahead in Business” 

“/« thirty minutes this little hook 

f ave me a clearer picture of my 
usiness future than Vve ever had 
before ” 

and that represents the opinion of 


the Institute’s 400,000 subscribers, 
cluding 134fOOO production men! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the ikiost 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is descried in “FORG- 
ING AHEAD IN BUSINESS” are- 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, E 1 du Pont de Nemours & Co 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual— the man with 
ambition and “drive”— “Forging Ahead 
in Business” has a message of distinct 
importance If you feel that it is in- 
tended for you, don’t hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 



Alextoder Hamiltoo losututc 

Dtpt J5 71 West23rdStrect,NewyorklO,NewYork 
Iq OtnxdA, 54 WeliizuTton Street, West, Toronto 1, Oot. 
Please mail me. without cost, a copy of the 64-pase 
book-‘TORGlNG AHEAD IN BUSINESS ” 

ALEXANDER 

HAMILTON 

INSTITUTE 

Name 

Firm Name , 

Business Address 

Position 

Home Address 


and they grip to the bell or sleeve of the 
outer pipe They also set up strut 
action through the cross section of the 
coupling, driving the jomt tighter 
The result of the gripping action of 
the inside fins and the sectional thrust 
caused by their deformation is an abso- 
lutely tight joint Through the design 
of the outward lips, the only effect of 
internal pressure is to drive the gasket 
up the tapered seat, wedging the rubber 
into a position for even tighter packing 
The couplings can be made of either 
natural or synthetic rubber, depending 
upon service conditions Various com- 
pounds to meet specifications have heat 
ranges from —50 degrees, Fahrenheit, 
to 150 degrees, Fahrenheit, and can be 
made resistant to petroleum products 
and aromatics, as well as hot and cold 
gases and liquids, the latter including 
commercial acids, alcohol, water, gaso- 
line, and oil 

TEMPERATURE LIMIT SWITCH 

A NEW temperatuie limit switch offers 
all of the well known features that 
have made Burling switches famous, 
plus the following new ones Water- 
and vapor- tight sheet metal cover, 
switch adjusting screws have locking 


Interior 
of new 
temperature 
control 
twitch 
with wide 
working 
range 



screws instead of disks to lock adjust- 
ment, mam temperature can be easily 
locked in place with a sciewdiiver in- 
stead of the usual wrench 
Bulling Temperature Limit Switch 
Model VD-20 can be used for any tem- 
peratures from minus 100 to plus 1400 
degrees, Fahrenheit 


POLISHING-WRCEL CEMENT 

After extensive reseaich, Michigan 
Bleach and Chemical Company has 
announced a new synthetic polishing- 
wheel cement, “Gripmaster,” which 
promises to find wide use m many 
metal polishing operations 
Due to a high-heat-resisting ingredi- 
ent, Gripmaster does not “glaze” on the 
wheel Moreover, it is reported that its 
adhesive action “locks in” the grams 
of emery with a positive “vise-tight” 
control never before believed possible 
A time-saving and inventory-reduc- 
ing advantage of Gripmaster, it is said, 
IS that all grains — 250 to 20— may now 
be applied with just one grade of ce- 
ment It is now no longer necessary to 
stock several different grades of ad- 
hesives for different metals, different 
flexibilities, or different temperatures 
Gnpmaster’s one grade fits them all 
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Cnrreiit Bulletin 
Briels 

Conducted by 

K M CANAVAN 


(The Editor will appreciate it 
if you will mention Scientific 
Amaric?an when writing for any 
of the pubHcation® liatod below ) 

A Plan for America at Peace is a 44- 
page booklet profusely documented 
with color charts and graphs, all aimed 
toward promoting smoothly function- 
ing relations between labor and man- 
agement Employment statistics, past 
and present, are analyzed and lengthy 
discussions devoted to demobilization, 

1 econversion, full employment, and 
other industrial problems Electronic 
Corporatioii of America, 45 West 18th 
Street, New York 11, Neto York — 
Gratis in the United States and Canada 

Engine Bearing Manual is a 96-page 
well illustrated manual for mechanics 
and others interested in automotive 
engine maintenance It contains infor- 
mation on the propel selection and 
installation of l^aiings, with tables 
showing crankshaft and bearing dimen- 
sions, tolerances, and oil clearances for 
all makes of cars, trucks, buses, and 
tractors Clawson and Bals, Inc , 4701 
West Lake Street, Chicago 44, Illinois 
— Gratis 

Tracer-Controlled Arc Etchers is an 
eight-page booklet describing in de- 
tail single- or multiple-head etching 
machines for use in light or deep etch- 
ing of all metals of many sizes Request 
bulletin 1635-B George Gorton Ma- 
chine Company, Racine, Wisconsin — 
Gratis 

Springs Designed ior the Job Improve 
Product Performance is an eight- 
page booklet which defines and illus- 
trates the five basic types of springs 
and a variety of shapes and sizes into 
which they can be designed Muehl- 
hausen Spring Corporation, 201 Michi- 
gan Avenue, Logansport, Indiana — 
Gratis 

The Vismeter is a 24-page brochure 
presenting an exposition of a device 
for the continuous measurement of the 
viscosity of fluids, with automatic re- 
cording Carl D Miller, Ph D , 327 Salem 
Street, North Andover, Massachusetts 
—$100 

Safety in Electric and Gas Welding 
and Cutting Opfrations is a bulletin 
compiled to provide safety to both 
personnel and property in welding, cut- 
ting, brazing, and lead burning opera- 
tions American Standards Association, 
70 East 45th Street, New York 17, New 
York — 40 cents 

Speepaire Worm Gear Reduction Units 
is a 14-page catalog outlimng in de- 
tail the principle of the Speedaire fan 
cooled system by means of photographs, 


charts, diagrams, and engineering 
tables Carefully detailed mstructions 
for planning installations of Speedaire 
units are mcluded, together with rating 
tables, dimensions, and shipping 
weights Cleveland Worm and Gear 
Company, 3301 East 80th Street, Cleve- 
land 4, Ohio — Gratis 

Turbine Cleaning Manual is a 16-page 
booklet outlining a new technique 
for solvent-cleaning of turbines by the 
use of Shell Turbo Cleaner With good 
dehydrating properties and high sol- 
vency for oil deterioration products, 
this new cleaner has a high concentra- 
tion of anti-rust agents and can be 
used on both new and old installations 
Shell Oil Company, Inc , 50 West 50th 
Street, New York 20, New York — 
Gratis 

Weltronic Heat Controls— N umbei 
WTH-44 — is a technical bulletin con- 
taining descriptions, applications, spe- 
cifications, and features of an improved 
line of unit heat controls, available for 
many resistance-welding processes 
Weltronic Company, 19500 West Eight 
Mile Road, Detroit 19, Michigan — 
Gratis 

The Use and Care of Micrometers is a 
24-page illustiatcd booklet which 
describes in detail the various parts of a 
micrometer, explaining how to use and 
take care of it The importance of fre- 
quent checking to insure accurate read- 
ings IS emphasized and suggestions for 
prolonging the life and serviceability 
of the instrument are listed Sav-Way 
Industries, Box 117, Harper Station, De- 
troit 13, Michigan — Gratis 

Eccfntric Drives is a 20-pagc catalog 
describing a new counteibore and 
special high speed steel cutting tools 
A full description of each type is pre- 
sented, including tables of sizes, cross- 
sectional views, and decimal and milli- 
meter equivalents Moreland Tool Com- 
pany, 16935 West McNichols Road, De- 
troit 19, Michigan — Gratis 

Rex Flat Spray Nozzles is an eight- 
page folder outlining the uses of 
nozzles in cleaning, cooling, and wash- 
ing operations, with tabular infoima- 
tion concerning their discharge in gal- 
lons per minute, their dimensions, and 
available sizes Cham Belt Company, 
Milwaukee, Wisconsin — Gratis 

BL Metallic Rectifiers is a four-page 
bulletin containing pertinent in- 
formation on the characteristics and ap- 
plications of metallic rectifiers adapt- 
able to electronic, radar, and automo- 
tive battery charging equipment The 
Benwood Linze Company, 1815 Locust 
Street, St Louts 3, Missouri — Gratis 

Design and Construction of Pneu- 
BiATic Tires is a 50-page manual 
published for United States Army train- 
ing schools and now available to civil- 
ians The basic principles of pneumatic 
tire design are described and illustrated 
Data and tables are given on the im- 
portant classifiications of heavy-duty 
military and civilian tires B F Good- 
rich Company, Akron, Ohio — Gratis 
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INVENTORS 

INDUSTRY NEEDS 
YOUR IDEAS NOW!|H\r 


TWO REASONS — 1 MsnufseturerB 
are getting ready NOW lor post war 
sales and production! 2 Right now, 
manufecturers are soaking products thoir 
expanded facilities can handle; factonaa 
must hava products to take up tha slack 
after war ordars stop Your chance 
comes with petent protection now — - do 
lay may endai^r your chance. Got 
our NEW FREE Inventor's Book to 
day and valuable 'Tnvontion Rocoid" 
form This request does not obligato 
you Act now Wrtu *oday 


McMORROW & BERMAN 



Rfqiftred Paisnt Attortieys, 

175-Y Atlantic Bldg , Washington 4 DC 
Send me your NEW FREE Book “How To 
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PRODIGAL GEMIUS 

THE LIFE or NIKOLA TESU 

By John J. OHsiU 

T hat Nikola Tesla gave to the world 
the fundamentals of the alternating 
current power system is indisputable, 
but that he should be credited with the 
discovery of the modem radio system, 
the planning of present broadcasting 
methods, the invention of fluorescent 
lamps, and a dozen and more other 
things that Mr 0*Neill ascribes to 
him IS something that is open to serious 
question Beyond a shadow of doubt 
Nikola Tesla was a mental genius whose 
powers were far greater than those of 
even some of the most brilliant men of 
today Lacking in practical business 
ability, however, he becomes an eccen- 
tric figure in the world of science, al- 
ternately ignored and acclaimed The 
story of Tesla needed telling and it is 
told here in complete detail If the 
reader will overlook the mysticism that 
IS woven through the book and will for- 
give the author for “superman,’’ “dazz- 
ling scintillations,” “intellectual in- 
candescence,” “a single mighty burst of 
invention,” and similar gasps of amaze- 
ment, he will be able to mine out of 
the pages of this biography a picture 
)f one of our truly great scientists who 
all too often fell short of fulfilling his 
lavish promises to humanity (326 pages, 
6 by 9 inches, a portrait of Tesla ) — 
$3 85 postpaid — APP 

ELENEHTART NATHENATICAL 
ASTBOHONT 

By Bartow and Bryan 

O LD favorite, a half century m exist- 
ence, lately out of prmt and unob- 
tainable, but now back m a fifth edi- 
tion revised by the Astronomer Royal, 
who has rearranged it and brought 
up to date the exposition of the basics 
Mamly, however, mathematical astron- 
omy is timeless Those who do not love 
mathematics regard such books as 
bleak This one for the beginner re- 
quires only algebra, geometry plane 
and solid, trig, no calculus, and isn’t 
downright wantonly, perversely, and 
maliciously bleak but only tenderly 
bleak, as if the authors had said this 
hurts me worse than it hurts you Cov- 


erage celestial sphere, time, earth, 
sun’s apparent motion in ecliptic, 
atmospheric refraction and twilight, 
geocentric and annual parallax, aberra- 
tion, eclipses, planets, precession and 
nutation, observatory, earth’s position, 
solar, stellar distances, rotation of earth, 
gravitation (387 pages, 5Mi by 8V4 
inches, 170 illustrations ) --$5 10 post- 
paid — A G 1 

LAKE SUPERIOR 

By Graet Lm NbIi 

A nother of The American Lakes 
Series, under editorship of Milo M 
Quaife, this book treats with the dis- 
covery, settlement, and commercial 
growth of the Lake Superior region 
The fur mdustry, timber, fishing, and 
vast mineral resources of the area are 
faithfully and accurately described 
from early days to the present in rela- 
tion to their economic and political 
aspects Author is Curator of Manu- 
scripts of Minnesota Historical Society 
and professor of history, Hamline Uni- 
versity (376 pages, 5% by 8% mches, 
33 illustrations, index, bibliography) — 
$3 60 postpaid — A D R , JV 

SAMPLING INSPECTION TABLES 

By Harold F Dodge and Harry G Boaili 

P ROBLEMS of inspection are encoun- 
tered m so many phases of indus- 
tnal production that the choice of 
method too often becomes a matter of 
chance rather than design In this solid 
text the various factors to be consid- 
ered for quality control are brou^t 
forth, together with an approach that 
will enable the engineer to decide upon 
an adequate inspection procedure The 
mathematical background is given upon 
which are built the sampling tables 
(106 pages, 5V^ by 8^ inches )--$l 60 
postpaid — AJP P 

THEY NOP AND CBAWL 
By Ptrqr A. Norris 

Bopular but scientifically authentic 
• book— the author is on the staff of 
the natural history miiseum at Yale — 
about snakes, crocodilians, lizards, 
turtles, toads, frogs, and salamanders, 
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but nearly half about snakes, describ- 
ing their traits, haunts, food, economic 
status, color, dimensions, and adapti- 
bihty as cage animals and pets, in 
readable form A book in which you 
can look up animals you see and 
take away the salient facts without 
trying to become a zoologist (253 pages, 
0 by 9 inches, illustrated) — ^60 post- 
paid — A G I 

THE rUNDANEHTALS OF CHENI2T1Y 
By Monroe N Offnor 

I F you want to obtain a comprehen- 
sive grasp of the overall subject of 
chemistry and its applications to your 
modern life, this is a book which will 
fulfill your greatest expectations Basic 
concepts are so carefully explamed that 
you can read the text as a running 
story, even though you may have for- 
gotten all the chemistry you ever 
learned Part One of the text will in- 
troduce you to elements, mixtures, 
electrons, acids, alkalis, and so on Part 
Two deals with the broad phases of 
chemistry in your everyday life, cover- 
ing such topics as plastics, sulfa drugs 
alloys, synthetic rubbers, and many 
of the other chemical marvels of our 
age (408 pages, 6 by 8^ inches, over 
100 illustrations and an excellent in- 
dex ) $ 80 postpaid —A P P. 

TOUB SERTAHT THE MOLECULE 
By Wallir S Landii 

N ot just a popular book on the 
marvels of chemistry, not a home 
study course in chemistry, but a book 
from which a reader brought into deal- 
ings with the chemical industries but 
without chemical education could plug 
that gap to the extent that, while he 
would not be a chemist, he would 
have shrewd ideas concerning what it 
IS all about and not feel entirely out 
of it Coverage organic chemistry, 
food, shelter, clothing, pulp and paper, 
soap and detergents, petroleum, rubber, 
natural and sjmthetic, resins and plas- 
tics, explosives, pigments and dyes, 
drugs, pharmaceuticals, and vitamins, 
cosmetics, toiletries, perfumes, colloids, 
chemical research The author, late 
vice president of American Cyanamid, 
wrote this book for bankers, brokers, 
tradesmen, householders It is popular 
in style but meaty in spots, explains 
chemical formulas (238 pages, 5% by 
SV4 inches, 13 illustrations ) -<-$285 
postpaid — A G I 

EmSTEOf 

By Binllri Mariaaoif aid Palaia Wayaa 

S UBTITLED “An Intimate Study of a 
Great Man” this book has been de- 
scribed as **a family*s-eye view of a 
genius,” and is said to be altogether 
readable Unfortunately, Professor 
Einstein himself says it is generally 
unreliable Most men of science, who 
admire Professor Einstein, are likely 
to accept his repudiation, especially as 
he is known to be the reverse of touchy 
or disputatious, but the book is still 
available to others including those who, 
from curiosity or perversity, wish to 
read an intimate book about Einstem 
which Einstein has repudiated Your 


The Editors Recommend 


PROCEDURES IN EXPERIMENTAL PHYSICS — 
By /•Alt Strmngt PkJB* A wealth of utefvl data of 
« practical kiad for tha conatructor, exparimenter, 
tod tkilled craftamaa S6 80 

•ITEEL SQUARE POCKET BOOK — By Dwight 
I St^dmrd, Practical metfaoda for ualng the cai 
pent«r*a ateel aquare for layout work of all klnda 
Time triad methoda uaed by two ganeratloaa of oar 
pentara and found both rapid and accurate $1 00 

4 MANUAL OF MECHANICAL MOVEMENTS — 
By W, M» Clmrh Preaenta fundamantala an which all 
machlnaa are built 4M illuatrationa and 160 photo 
grapha of modala damanatratlat mechanical priaaiplea 
tuppleraaat tha test $2.10 

TOOL MAKING — By C M. Colo. UaCmatloM far 
making and ualng all klnda, from paraoaal tamla to 
arbor preaaaa, lathaa, planera, etc , In dISerant 
matala $8 60 

TECHNIQUE OF PLYWOOD — By Ckmrims B 
Norrit* Tachnlcal information on all phaaea of ply 
wood manufacture and uae, compiled for anglnaera, 
design era, and naera of plywood Important to 
many phaaea of wartime houaLag and manufacturing 
problems $2 SO 

OPTICAL WORKSHOP PRINCIPLES — > By Col 
Ckmrl 00 Ddad. War time tranalatian of a French 

work on preciaion shop optica, with heavy amphaala 
on actual handiwork Cover glaaa, abraalvaa, eamanta 
meehanloal theory of working optical ourfaeao, rati 
''ulaa, alumlniiation, and ao on $6 10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
4 classic referenca book recently revised and brought 
up to data to keep pace with recent research In 
( ludea material on all branchea of chemistry, physics 
and allied sciences Uaed in laboratories and by 
rngineera throughout tha eonntry Flesible binding 
2571 pages $4 lO Forolgn $4.50 postpaid 

ATOMIC ARTILLERY — By John KMock 
Robortton Electrons, protons, positrons, photons, 
aeutrona, and cosmic rays, all described for the 
layman In plain language Also transmutation of the 
(Elements and the mauufarture of artificial radic 
activity $2 8* 

FXPERIMENTAL SPECTROSCOPY — By Ralph 
4 Sawyor Covers theory and types of spettroscopcs 
and .spectrographs mounting and uso of gratings, 
deterniinatfon of wavelengths, infra red spectroscopy 
Mpet trochemical analysis, and so on Somewhat 
f It mentary hut requires knowledge of physics and 
stone physical opti< s $5 JO 

KXPERIMENTAL ELECTRONICS — By Ralph 
B, MulloTt R L Cmrmanp and M E. Drom 
\ solid book of eminently practical information on 
the oharacteristicB and non communicatiaa applies 
dona of electron tubes The tent describes ezperi 
'nents and presents results For students, radio 
ongineers, communications experts, sod the serlaits 
reneral reader $4 75 

fRISM AND LENS MAKING ^ By F Twymmn 
K wide variety of notes based upon a long lifetime 
if practical optical shop work Net a full step by 
4tep manual but a vsloablo working aid to tha ad 
'^anced telescope maker and others In optical work 
While the text deals ostensibly with professional 
fuantity production, much of It it baaically applio 
ible to aingle piece work $4.60 

PLASTICS — By i a DuboU Revised onlargod 
odition of an Important work on tho whole gen 
ral subject of plaatioa, plus mueh new material 
m synthetio rubber, manafacturlng proeeoses, and 
ulaatica molding $• 85 


Best Sellers 


In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Harold C Kmlly Definite, outright, practical in 
structiona on watch making, repair, and adjustment 

82.85 


SLIDL RULE SIMPLIFIED — By C. O, HmrrU, 
How to use a slide rule without any of the myalifi 
cation that often aurrounds this important tool of tho 
engineer Excellent illuatrationa make ovarythiag 
oli>ar $8 60 including a slide rule, for book alone 

$2 60 


THE ELECTRON MICROSCOPE — By Burton 
and Kohl, A wall written account of this newest 
tael of saianca, with all tacknicalltlos ezplahiod for 
complete understanding by average person $S 95 

A COURSE IN POWDER METALLURGY — By 
VFaltor / Baoaa. A sound view of tho overall sub 
ject of powder metallurgy which will aorvo as an 
excellent guide and reference book $5 60 

TIIL SCIENCE OF WATCHES AND CLOCKS — 
By d L RawllngM Nut a book on watch and clock 
rt pairing hut one for horologists interested in the 
4C1LUCO underlying fine tinukccpers $3 60 

PLASTICS, PROBI EM8 AND PROCESSES — By 
Wnntporgor and Poppor The whole story of plea 
tics. Including a rwetme of manufacturing proceoaaa 
and a numher of tL^oiigh going chapters devoted to 
plaatlca nsss 88 10 

FUNDAMENTALS OF ELECTRICITY — By • 
9ta0 of Blmetrical ExporU Although dealgnod to 
supply men about to enter military service with a 
foundation for further training this text will serve 
a similar purpose for anyone desirous of acquiring 
such knowledge $2 10 

ELECTRONIC PHYSICS — By Hector, Loin, and 
fronton A simplified text for those who dasira to 
srquirr a sound basis for following the advance of 
applied electronics $3 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — By C F D* Alalia 
How to prepare many of the well known resina and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

$2 10 


KUNDAMENTALS OF OPTICAL ENGINEERING 
-^y Donald H Jacob* This new work starts 
>ut at the very beginning, is mainly non mathe 
matioal, and is probably the best suited of all 
existing books as an introduction to optical design 
Author IS a physicist at Bureau of Standards 85 10 


MJNDAMENTALS Ok PERSPECTIVE — By 
Theodora DePo*tml$, AJ A A method of showing 
the order, or sequence, in which lines of a perspoctlvr 
are drawn Uie of colors, numbers, and arrows 
eliralnstes much text found in other books on this 
subject 20 loose sheets in binder $2 60 

NACHINERY*S HANDBOOK — J2tA Edition 
‘Bible of the meckanlcsl industry,** 1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room $6 10 


A Tho above prleoa are postpaid in tho United Statea Add, on foreign ordera, ^ 
25d fnr postage on osch book, except aa noted 
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-Pill.SMS- 

'/2"— $2 00 »/i"— $2 50 I"— $3 00 

lU"— $4 00 1 Vi "—$6 00 2"— $I2 0C 

These prisms are chip free and correct 
to within 5 min of arc 

Optical flats, sizes 2" to 12", glass, 
Pyrex, or Quartz, prices on request 

Continental Precision Optical , Co. 

217 W North Avs , Mllwaukso 12, Wit 



introductory 

ASTRONOMY 

By J B Sidgwick 

Fascinating summary of modem as- 
tronomical knowledge Illustrated with 
47 star maps a lunar map and 4 
maps showing the constellations of 
each season Clear practical de 
pendable — Njatural History 

$2.80 

Plitiwephicol libfory, 15 E 40th St , N Y 


Achromatic Objectives 

Aporturo Focal Length Price 

57 IIIIII 142min fg M 

Itaun Mmm 2 N 

SSmm 182mm 2 N 

1* diameter 1' focus for Ramsden eye-pieces |1 
7mm diameter 7mm focus $1 2'x2* Pyrex Optical 
flats $6 

Send for free list describing many other Items 
MAYFIOR PRODUCTS CORP , Kotonoh, N Y 


POLAROID OPTICAL 

(Plane-Patallel Red Ftltir 
Unique opportunity to ob- 
tain this Rifle or 8hot-Gun 
Sight Also suitable for 
Telescope or Camera 
General Catalog l$i 

HARRY ROSS 

Scientific & Laboratory Apparatus 
70 W Broadway New York 7 N Y 


RINQ SIGHT 

dla included) 


$4.00 

Parcel Post Pre- 
paid Please re- 
mit with order 
LlmltcdQuantlty 


DO YOU RECOGNIZE 
M ONE OF THESE SIGNS? 

.A 



IF YOU DO, you art ready to know their true 
secret meaning tn the divine or Cosmic world 
A new private and Sealed Book will be sent t# 
you without cost, explaining how the ancient 
eagee used these signs ss keys to unlock the 
forces of the universe Just state which sign 
you recognize and address your letter to 
Scribe T B N* 

TA« BOSICRVCIANS lAMOBCl 

Saji _Josef_Ca!ifofnia_^___^___^^^^ 


TECHNIQUE OF PLYWOOD 

By CHARLES B NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing 
airplanes boat*’ and other defense 
needs, yet siiccific information on the 
material itself is diflicult to find Here 
between the covers of a plastic-bound 
book, has been gathered technical in- 
formation on all phases of plywood 
manufacture, si>ecially written for en- 
gineers, designers, and users of ply- 
wood (249 pa^es 5 by 7^2 inches, 
tables ?fj drawings )— $2 50 postpaid 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W 40th St New York 18, N Y 


reviewer admits bemg curious and 
perverse but not enough so to risk 
picking up untruth by reading the 
book (211 pages, 5% by inches, 
unillustrated ) — $2 85 postpaid — A G I 

RIFLES AMD NACH»E GQIIS 

By N M JoliBStB, Jr, CapI, USNCR 
(IbbcIito) 

A MODERN handbook of infant) y and 
aircraft arms, this volume is a 
practical guide to all the important 
World War 11 military small arms of 
major countries from the clip-loaded 
rifle to the 20mm automatic cannon 
Description and analysis of develop- 
ment, operation, loading, firing, dis- 
assembling, with data on ammunition, 
stoppages, accuracy, and employment 
Author IS inventor of Johnson semi- 
automatic rifle, Johnson light machine 
rifle, and other arms (390 pages, 6 by 
9^ inches, 125 drawings and photo- 
graphs, index ) — $5 10 postpaid — 
ADR, /V 

WONEM AMD MEN 
By AfliraBi Schomitld 

D ifffrences, psychological and phys- 
iological, between women and 
men, not merely according to popular 
tiadition and belief but according to 
the studies and measurements of mod- 
em science Though written in popular 
form, this work is fairly technical 
in spots, digging into physiology and 
function, and should help the sexes 
to understand each other’s apparent 
stupidities But It doesn’t even yet 
answer all the questions, such as why 
women want to wear trousers and why 
they get out of a car backward (453 
pages, 5*/^ by 8 inches, illustrated) — 
$3 60 postpaid —A G J 

CLIMATE ABD TRE ENERGY OF NATIORS 
By S F NarkhBBi 

C LOSE relations between climate and 
the destiny of nations are revealed 
by this British author whose book 
covers the world, with much attention 
to the USA, where he finds the 
Mason-Dixon line coincides with a 
temperature line which, he claims, has 
more than coincidental significance 
In which places will civilization finally 
settle down to stay, and what will be 
the effects of air conditioning on our 
locales^ This seiious study deals with 
such questions as these (5V^ by 8V4 
inches, 23 illustrations )— $3 60 post- 
paid — A G I 

THE PHYSICS OF MUSIC 
By Aloxsader Wood, O.Sc 

T echnical scientific treatise for musi- 
cally inclmed scientists and scientifi- 
cally mmded musicians The border- 
line between science and music is its 
ground Chapters Nature of Sound, 
Forced Vibrations and Resonance, In- 
tensity and Loudness, Pitch, Musical 
Quality, The Ear, Vibrations of Strings, 
Organ Pipes, Sundry Other Musical In- 
strximents, Dissonance and Consonance, 
Scales and Temperament, Recording 
and Reproduction of Sound, Halls and 


Concert Rooms It gets down to tan- 
gibles in a scientific sense and will even 
require some study for most readers, 
the subject itself not being simple, but 
it IS not formidable The author is a 
lecturer in experimental physics and 
musical acoustics at Cambridge Univer- 
sity, England (255 pages, 5% by 8^ 
inches. 111 illustrations ) — $6 10 post- 
paid — A G 7 

HISTORY OF COLOR PHOTOGRAPHY 
By Joiepk S FrltdaiaB 

A tremendous amount of exhaustive 
research must have been accom- 
plished by the author of this book 
which brings together between one set 
of covers as complete a record as pos- 
sible of the whole development of color 
photography down to 1944 The work 
thus offers a splendid reference source 
as well as a text which will lead to a 
mastery of the overall subject (514 
pages, 6V2 by 9^/2 inches, illustrated) — 
$1010 postpaid — APP 

MARINE PIPING HANDBOOK 
By Edward P Goahrmg 

E very type of piping installation, laige 
and small, used on modern ships is 
discussed in the pages of this compact 
volume The most complicated and 
exacting specifications are analyzed and 
explained (662 pages, 5 by 7V2 inches, 
over 150 diawings, and 69 tables includ- 
ing 30 pages of steam tables ) - $5 10 
postpaid —APP 

DITING, CUTTING, AND WELDING IN 
DNDERWATER SALVAGE OPERATIONS 

By Frank E Thompioa, Jr 

T horoughly practical pocketbook writ- 
ten by a man who designs, manu- 
facturers, and opeiates underwater sal- 
vage equipment, the president of the 
Thompson Engineering Company, and 
who has been engaged in salvage work 
at Pearl Harbor, this book is for divers 
and workers and is not a story book 
about the romance of diving It is solid 
meat and right to the point all through, 
on traimng, physics of diving, prepara- 
tion and descent, tending, accidents, ill- 
ness, working on the bottom, salvaging, 
cutting with flame and arc, welding 
undci water, and other useful, applicable 
subjects (214 pages, 5 by 7^/^ inches, 
26 illustrations ) — $2 10 postpaid — A G 7 

ELECTROMICS FOR ROTS AND GIRLS 

By JtBBBf B«Bdick 

D on’t let the title of this book fool you 
While it is “written down” to young- 
ster level, It IS going to find its way 
into the hands of many adults who 
want to obtain a clear picture of elec- 
tromes without burdensome study The 
text will not prepare the reader for a 
career m electronics engineering but it 
will give him a grasp of accurately 
presented fundamentals The foreword 
is by Keith Henney, Editor of Elec- 
tronics and Contributing Editor to Sci- 
entific American (148 pages, 5^4 by 
8 inches, a number of simple drawings ) 
— $1 60 postpaid — A P P 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G INGALLS 

Editor of the Scientific American books '^Amotour Telescope Moking" 
and ''Amateur Telescope Making— Advanced" 


I N 1931, Daniel E McGuire, a Shady - 
side, Ohio, farm lad then 17, hit on 
the use of a slit in place of a pinhole 
in the telescope mirror maker’s Fou- 
cault knife-edge test and for this his 
name has been in the book “Amateur 
Telescope Making” (page 380) since 
the edition of 1933 Later, McGuire 
became a precision optical worker for 
several professional producers In June, 
1943 he hit on something which he 
now, by invitation, describes after us- 
ing it a year and becoming closely 
familiar with it — the employment of 
spacers of scotch tape in connection 
with the air-spaced test plate for op- 
tical surfaces From 15 Lincoln Ave , 
White Plains, N Y , he writes 

I T is commonly believed by opticians 
that interference fringes appear be- 
tween optical surfaces only when they 
are in close contact with each other 
This is the earliest form of optical 
testing in which the interference of 
light waves reveals minute irregulari- 
ties on the surfaces This method pre- 
vails to the present day It has many 
disadvantages, but they can be over- 


tt 4«/r 



Figure 1 Inverted method 


( ume to a great extent through the 
use of air-spaced test plates 

With the use of monochromatic light, 
a surface may thus be tested when re- 
moved many thousands of wavelengths 
from the test-plate surface While 
there is no need for going to this 
extreme, there are many advantages in 
separating the two surfaces as much 
as 100 wavelengths (0 002") This re- 
duces the risk of scratching poorly 
cleaned surfaces, and increases speed 
many times over that of the conven- 
tional method 

The ideal material for separating the 
surfaces is scotch tape This material 
IS uniform in thickness and, when 
properly applied at three equidistant 
points on the test plate, it is easy to 
maintain parallelism between the sur- 
faces For 2" to 4" test plates the 
tape is cut to W' to %" width and 
about 1" lengths The cleaner end is 
applied to the surface, and the other 


end, because it has been handled when 
cutting to size, is folded down over 
the edge of the test plate For this 
critical work the scissors must be kept 
clean Any dust particles that are 
sealed under the tape add to the thick- 
ness of the air space, hence cleanliness 
must be the rule when applying the 
tape For the same reason air bub- 
bles under the tape must be avoided 
To prevent curling of the edges 
and coiners of the tape the test-plate 
surface must itse’f be cleaned with 
great care When removing a grease 
film from the area near the tape rub- 
bing must begin near the center of the 
tape and proceed outward to the glass 
Dust IS removed with a soft brush 
An ordinary test plate, whether flat 
or curved, cannot be used with the 
increased air space without proper 
collimation of the light The lays can 
be focused upon a flat, or on a curved 
surface by a lens system (Figure 1) 
on the back of the test plate, so that 
all rays will have normal incidence 
upon the surface being tested The 
rays return in the reverse direction, 
and the collimating lens system re- 
focuses them upon the light source 
Test plates of the usual type, opti- 
cally modified by using the proper col- 
limating systems but without spaceis, 
are thereby decidedly improved The 
fringes are more plainly visible on the 
steeper curves, and the readings are 
more dependable Distortion due to 
oblique reflection angles of marginal 
lays does not exist in any collimating 
test plate unless theie are serious er- 
lois in the collimating system 
An off-axis point of view distorts 
the fringes To maintain alinement 
of the axis a small spot of paint is ap- 
plied to the center of the back sur- 
face of the collimator When its re- 
flection is hidden by the spot itself, the 
point of view is on axis Only one eye 
can see the undistorted pattern, since 
both cannot be on the axis together 
A beam splitter is essential to view- 
ing the test plate on axis This is a 
piece of glass, plane-parallel, polished 
on both sides, which reflects only a part 
of the light and transmits the re- 
mainder (disregarding the small por- 
tion that is absorbed by the glass it- 
self) It works best with a thin coat 
of silver or aluminum on one side, 
but an uncoated beam splitter is satis- 
factory when the room is darkened 
It makes no difference on which side 
it IS coated, but the under surface is 
the more protected from dust A piece 
of clear plate glass is good enough 
for this work Figures 1 and 2 re- 
veal the function of the beam splitter 


It IS important that the light souicc 
be made large enough to allow foi 
changes in the alinement of the test- 
plate axis, the same applies to the size 
of the beam splitter An excessive 
amount of spherical aberration in the 
collimator also requires a large light 
source to provide even illumination of 
the test plate surface 
Any light source which radiates a 
small number of different wavelengths 
concentrated into very narrow lines in 
the spectium, is suitable for air-spaced 
test plates Low-pressure mercury va- 
por lamps are better than high-pies- 
sure lamps, although the latter work 
well when the air space is not too 
great Sodium vapor lamps are very 
good Neon and fluoiescent lamps can 
be used, but they are not recommended 



Other types of lamps have not been 
used by the writer 
The sepal ation of two flat surfaces 
tested in parallel, monochiomatic 
light, has little effect upon the read- 
ing of the fringes but with all curved 
surfaces the readmgs go concave with 
a widening separation of two matched 
surfaces, the change in the reading be- 
ing in direct propoition to the amount 
of separation The steeper the curves, 
the greater the number of Newton’s 
rings for a given separation 
When curved test plates are an - 
spaced, the test-plate surface must be 
altered from the true radius to a new 
curvature In order to produce straight 
fringes, when testing the opposite 
cui vature of the true radius, the change 
in radius is always made equal to the 
thickness of the spacers Con/tx an- 
spaced test plates are made steeper, 
concave ones are made flatter, than 
the true curvature 
When the new curvature is estab- 
lished, the air space must remain con- 
stant in order that the test plate can 
be lelied upon In practice this can- 
not be guaranteed, but there is another 
way to be sure of the test-plate read- 
ing Although the spacers are not 
reliable in their thickness, the master 
test plate is reliable in curvature The 
air-spaced test plate for steep curves 
therefore must always be accompanied 
by the master test plate Straight 
fringes are no indication of the true 
reading unless they are seen when 
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COMPLETE HIGH-GRADE KITS 
OUR SPECIALTY 

Each kit has two glass discs 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur- 
face), instructions, FREE 
ALUMINIZED DIAGON- 
AL, etc 

MIRRORS, made to order 

4" Ku ^12 95 (Pyf«x, MOO 

6 " Kit 4 00 (Pyre*, 3 50 

8'^ Kit 6 30 (Pyr«x« 8 00 

1 O'' Kit 10 00 (Pyr«x, 15 00, 

12" Kit 15 00 (Pyrex, 23 00) 

ALUMINIZING 

A harder xnd bnghter aluminum catting that is 
uniform and producat a lasting and tupanor re 
Racting surface Guaranteed not to peal or blitter 

6" $2.50 

8" $3.50 

fO" $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Wnta for FREE ILLUSTRATED CATALOGUE 


THE PRECISION OPTICAL 

1001 East leird Siraal 
Naw York 89, N. Y. 


00 . 


TELESCOPE 

MAKERS 

Quality materiala of the RIGHT kind 
6* KU — OlaM, abrasives, pitch, rouge and 
Instructions $& 00 

LENS GRINDER, pitch abrasives $6 00 

HOBBYGRAFS—INiFORMATION— INSPECTION 
We offer you the benefit of our 36 years of 
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testing the master When the master 
appears to be wrong, due to an error 
in spacing, this “wro^’ reading Is the 
correct reading for the work 

The scotch tape spacers never grow 
thinner with use, although they may 
be compressed through excessive pres- 
sure and show temporarily a convex 
reading It is quite normal for the 
tape to collect dust around the edges 
while in use; it becomes lodged under- 
neath the tape and the air space is 
mcreased Tlie error in spacing may 
change the reading as much as three 
fringes before it is necessary to renew 
the tape When the master shows a 
concave readmg of three fringes, the 
work must read the same in order to 
be correct Straight fringes on the 
work, in this case, are three fringes 
convex An excessive amount of dust 
IS avoided when the most accurate 
work IS desired In flat work, or with 
shallow curves. It is not so necessary 
to check with a master 

A sodium vapor lamp, radiating light 
in wavelengths of 000002", permits the 
convenient use of round numbers A 
surface having 18 degrees of curva- 
ture shows a change in reading of one 
fringe for each 0 001" change in separa- 
tion (Collimated light, having nor- 
mal incidence over the whole surface, 
IS always used m this demonstration ) 
Spacers havmg 0 002" thickness change 
the reading two fringes from the con- 
tact reading A further change in 
thickness, while the tape is m use, 
changes the reading in a direct propor- 
tion with the error in spacing A 10 
percent increase in spacing changes 
the reading only 0 2 fringe When test- 
ing a surface having three times 
the curvature, or 54 degrees, the 
same change m spacmg causes the 
reading to change mne (3*) times as 
much The 0 002" spacers change the 
reading 18 frmges from the contact 
reading, and a further change of 10 
percent changes the reading 18 fringe 

The following procedure is used when 
correctmg the test-plate surface The 
spacing material is selected first, and 
a fair quantity is held in reserve for 
future replacements The separation 
of the surfaces is established by the 
thickness of the spacmg material at 
hand Testing is done on the master 
test plate with spacers temporarily 
applied to its surface The test-plate 
curvature is altered until the concave 
readings, due to separation, are re- 
duced to zero 

Most of the alteration can be checked 
by contact readings when the number 
of frmges is predetermined The test 
plate is made to read convex The 
testing IS done in the usual way, with- 
out collimation The test plate is 
blocked for polishing by machine, and 
only the finishing touches are leh for 
hand work The back surface is 
cleaned to allow testing of the final 
work by collimated light Spacers are 
used as described above. 

Spherical aberration in the collimat- 
ing lens system has some effect upon 
the straightness of the fringes The 
air-spaced test plate cannot be made 
spheHcal unless the collimator is cor- 
rected for spherical aberration. It is 
, easier to compensate for the aberration 


in a simple type of collimator by pro*- 
ducing an aspheric test plate Or- 
dinarily the aspheric surface is pro- 
duced, without awareness of it, in 
striving to duplicate the master curve 
and produce straight fringes, and thefe 
IS no need for estimating its value 

The collimating lens system has an 
infinite variety of shapes Every dif- 
ferent test-plate curvature, diameter, 
thickness, and refractive index of test 
plate and auxiliary collimating lens 
requires a different design 

A steep, convex test plate requires 
one or more concave surfaces to di- 
verge the rays and form a virtual image 
of the light source at the center of 
curvature The turning point, from a 
concave to a convex collimator, is 
found where the radius of the convex 
test plate is n times the viewing dis- 
tance, where n equals the refractive 
index of the test plate A flat test plate 
requires a convex back surface to col- 
limate the rays parallel to the optical 
axis All concave test plates require 
one or more convex surface to con- 
verge the rays and form a real image 
of the light source at the center of 
curvature 

A constant viewing distance is main- 
tained for all work of the same dia- 
meter, and it IS used m the calculation 
of the curves for the collimating sys- 
tems The usual ratio of viewing dis- 
tance to diameter of test plate is about 
six to one for the larger test plates 
Ten to one, or longer, is better for the 
smaller surfaces The viewing dis- 
tance is never less than 10", on the 
smaller surfaces, unless a magnifier is 
used 

Variation of the viewing distance has 
some effect upon the reading of the 
test plate, but the tolerance for errors 
m collimator design is not very exact- 
ing A greater air space makes greater 
accuracy necessary It is most prac- 
tical to keep the air space to the small- 
est amount consistent with safety 

It IS not necessary to test any of the 
colhmatmg surfaces for figure, but 
flaws in the glass are more noticeable 
than with contact test plates 

McGuire’s article will be concluded 
next month with a discussion of the 
design of the collimating lens system 
and of the methods of using the test 
plates 

To forestall possible objections that 
the general method of using separated 
test plates may have been used in sev- 
eral large precision optical industries 
for some time, and that McGuire there- 
fore cannot claim it categorically, it is 
to the point to state that his ma^ con- 
tribution is the scotch tape spacers — 
which, however, in actual shop produc- 
tion greatly speed up the test and 
therefore the work You can put the 
work on the tester, test, remove it 
and go on working, quickly, so you 
will test oftener He contributes some- 
thmg else — the article It does the 
public little good to hear that a given 
method has already been in use in some 
shop if nobody who is qualified to do so 
by experience with it takes the trou- 
ble to Wnte It up and publish it for the 
benefiit of others McGuire has greatly 
improved the method and he here 
makes it available, also, to all 
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I Previews of the Industrial Horizon I 


TECHNOLOGICAL ERAS 

Frequently attempts are made at neatly cataloging differ- 
ing eras in technological progress, the tags dependmg upon 
the interests of the one who attempts to set up the divi- 
sions Latest of these to pass across this desk analyzes the 
past 80 years m four 20-year periods, assigning them re- 
spectively to civil engineering, electrical engineering, me- 
chanical engineering, and chemical engineering 
But such an analysis, which its author admits is over- 
simplified, loses sight of the complete interdependence of all 
branches of technology True, in the early days of this 
coimtry, at the beginning of the age of rapid transporta- 
tion as exemplified by the railroads, most spectacular em- 
phasis was on the civil engineer Behind him, however, 
was the mechanical engineer — the man who designed the 
rolhng stock — side by side with the metallurgist and the 
chemist Often, of course — more often than m the present 
day of specialization — ^many of these functions were com- 
bmed The point is that through all ages the greatest achieve- 
ments have been possible only through the greatest co- 
ordination of knowledge and effort 
Perhaps World War II has brought home more forcefully 
the need for this coordination In any event, there looms on. 
the horizon an era that probably cannot ever be catalogued 
by any future historian without the coinmg of some such 
phrase as “the era of good feeling in technology ’* This era 
is foreshadowed in the editorial pages of Scientific Ameri- 
can and especially so during the 100th Anniversary Year 
when each issue presents a feature historical article that 
gives the background against which to evaluate the present 
and future 


LITHIUM ON THE WAY 

Keep an eye on lithium and its industrial applications m tfte 
near future One fifth the weight of alummum, this lightest 
of all metals is yielding to the probe of research 
Although lithium, m its pure state, has a marked affimty 
for oxygen and hydrogen, it has long been used in mmor 
ways m metallurgy Under the demands of war-time needs, 
production of this metal has been increased many fold and 
the niunber of possible applications has jumped almost in 
like proportion Today, lithium and its compounds are find- 
ing uses in copper castings, tin bronzes and other alloys, as 
well as in the ceramic, glass and air-conditionmg industries 
If the progress of lithium continues, as seems probable at 
the moment, it will be fortunate indeed that the world’s 
richest deposits are located within the United States 


BETTER BEARINGS 

Crankshaft and connecting-rod ^bearings that will last skp 
long as the rest of the engine are distinct possibilities as 
a result of Ford experimentation By using an alloy con- 
taining lead, silver, iron, and copper, bearings have been 
made that show no measurable wear after 50,000 miles of 
heavy-duty use Translated into terms of post-war prime- 
movers of all kinds, this means longer operation between 
overhauls and, of course, greater efficiency from a dollar- 
and-cents angle 


SILICONES TOMORROW 

Standinq out from the plethora of technological develop^- 
ments of the past year are the silicones, and particularly 
silicone rubber (See also page 114 ) This rubber, highly re- 
sistant to heat, cold, and the deleterious effects of sunlight, 
will enter tirea^ pHntmg-ink rollers, chemical processing. 
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equipment, even the lowly garden hose In these applica- 
tions, and others, it will out-rubber rubber, synthetic or nat- 
ural And the silicone i^sins promise new horizons for the 
finishes industry, with surface coatings that will come so 
close to perfection as to leave little to be desired 


PACKAGING IN WAR AND PEACE 

Despite remarkable developments that have been made in 
the packaging field to meet military requirements and to 
circumvent materials shortages, some new packaging meth- 
ods will face tough sledding when normal times return 
Many pliable packages have been perfected as containers 
for all kinds of materials, both liquid and solid These pack- 
ages are domg a splendid job on battle -fronts and m civilian 
markets alike But they lack the eye-appeal, the substantial 
feeling, of the containers to which people have become ac- 
customed during the past couple of generations 
Several manufacturers of consumer goods have already 
stated that they will go back to the familiar tin cans and 
boxes just as soon as possible This they will do regardless 
of the fact that completely satisfactory containers of pliable 
materials will cost much less The manufacturers base their 
reasoning on the irrefutable logic that post-war competition 
is going to be greater than ever before and that the package 
which will sell the most goods is the one to use If the public 
will not accept containers that look like “a brown paper bag,*’ 
and will accept cans and boxes, much of the war-developed 
technology of “packaging will go out the window 


THREAD DESIGN 

T HE LOSS m hours and dollars that has been brought about 
by differing standards of machine-screw threads is tre- 
mendous American and British ordnance parts are not m- 
terchangeable even though the completed products are of 
identical design And the lowly screw thread is the reason 
Because there has never been mtemational standardization 
of these important mechanical elements, many phases of 
military production and repair have been sadly delayed 
The same thing can and has happened m civilian life Be- 
cause of variations in thread design, many a machine has 
been laid up for weeks while waiting for a special screw 
with which to make a repair that takes only mmutes 
Here is one of those industrial problems that should be 
tackled It is a post-war job that should not be laid away in 
moth-balls and forgotten 


FOR FUTURE REFERENCE 

Bagasse, sugar-cane by-product available m huge quanti- 
ties, is a potential paper-making material In a new de- 
sign for cargo planes of the “tractor- trailer” type, the cargo 
section of the fuselage is detachable for loading while the 
rest of the plane is flymg another load Sheet iron and 
steel, hot-dipped in aluminum, comes out with all the ap- 
pearance of the light metal, but is less expensive than an 
equal thickness of alummum, it will have applications where 
surface characteristics of aluminum are desired yet added 
weight IS not objectionable . Rayon has pioved itself so 
•completely in heavy-duty truck tires that its post-war use 
IS a certamty . . Your next radio set may be equipped with 
a simple time dial, controlling an electric motor, that will 
make it possible to preselect the time at which the receiver 
will be turned on automatically 


68 


SCIENTIFIC AMERICAN • FEBRUARY 1945 



General Electric answers your questions about 


TELEVISION 



Q. What will sets cost after the war? 

A It IS expected that set prices will begin 
around $200, unless there are unfore- 
seen changes in manufacturing costs 
Higher priced models will also receive 
regular radio programs, and in addition 
FM and international shortwave pro- 
grams Perhaps larger and more ex- 
pensive sets will include built-in phono- 
graphs with automatic record changers. 



Q. Where can television be seen now? 

A Nme television stations are operatmg 
today — in Chicago, Los Angeles, New 
York, Philadelphia, and Schenectady 
Twenty-two million people — about one- 
fifth of all who enjoy electric service— 
bve in areas served by these stations 
Applications for more than 80 new tele- 
vision stations have been filed with the 
Federal Commumcations Commission. 



Q. How big will television pictures be? 

A Even small television sets will prob- 
ably have screens about 8 by 10 inches 
(That’s as big as the finest of pre-war 
sets ) In more expensive television sots, 
screens will be as large as 18 by 24 
inches Some sets may project pictures 
on the wall like home movies Natur- 
ally, pictures will be even clearer than 
those produced by pre-war sets 



Q. Will there be television networks? 

A Because television waves are practi- 
cally limited by the horizon, networks 
will be accomplished by relay stations 
connecting large cities General Electric 
set up the first network five years ago, 
and has developed new tubes that make 
relaying practical G-E station WRGB, 
since 1939, has been a laboratory for 
engineermg and programming. 



Q. What kind of shows will we see? 

A All kinds P’or example (1) Studio 
stage shows — danc ers, vaudeville, plays, 
opera, musicians, famous people (2) 
Movies can be broadcast to you by tele- 
vision (3) On-the-spot pick-up of sports 
eveiits, parades, news happenings G E. 
has already produced over 900 tele- 
• vision shows over its station, WRGB, 
in Schenectady 



Q. What is G. E.’s part in television? 

A Back in 1928, a General Electric en- 
gineer, Dr E F W Alexandeison, gave 
the first public demonstration Before 
the war, G E was manufacturing both 
television transmitters and home receiv- 
ers It wilkagain build both after Victory. 
Should you visit Schenectady, you are 
invited to WRGB’*s studio to see a 
television show put on the air. 


TELEVISION, another example of G-E research 

Developments by General Electric scientists and engi- 
neers, working for our armed forces in such new fields as 
electronics, of which television is an example, will help 
to bring you new products and services m the peace years 
to follow. General Electric Company ^ Schenectady ^ N* Y% 
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50 Years Ago in . . . 



(Condensed from Issues of February, 1895) 


ENGINEERING — “The profession of a mechanical engineer, 
to the unmitiated, holds forth big inducements, and the 
young man who starts in college works his way along, gradu- 
ates, and nine cases m ten is assigned a position over the 
drawing board Draughting, in its higher forms, is one of the 
most interesting subjects m existence, especially when other 
conditions are such as to promote the interest It rests in 
the hands of the draughtsman whether the machine will be 
pulled down several times m order to correct mistakes, and 
in many cases whether the machine goes to the ‘scrap heap’ 
or is shipped away a success ’’ 

BICYCLE LIGHTS — “Among the [new bicyclel lanterns are 
two classes of electrical ones One is supplied by a dynamo 
driven from a friction wheel bearing against one of the tires, 
the other is provided with a battery ” 

WOOL CLEANING — “In a new method of scouring wool, 
naphtha is employed as the cleansing substance By means 
of a pump the naphtha is forced through and through the 
wool, extracting all the natural oil It is claimed that the 
naphtha does not injure the fiber of the wool, as alkali 
cleansing, but leaves the fleece in better condition than 
when cleansed by any other process ” 

AIR CONDITIONING — “It must be something like fifteen years 
since the air of the Madison Square Theater was artificially 
cooled m the summer by passing it over ice, and refrigerat- 
ing apparatus is in use m every large city in the civilized 
world, for cooling rooms for tlie storage of provisions Many 
attempts have been made to introduce refrigerating apparatus 
of the same sort- as that used m the cold storage buildings 
into dwelling houses, but they have failed to please the 
public ” 

ACETYLENE — “A chance of putting acetylene to a practical 
use is afforded by the growing need in many places and for 
numerous purposes, of a self-contained source of gas of high 
illuminating power The bare fact that a portable solid sub- 
stance can be caused to generate a gas of the required qual- 
ity by mere contact with a sufficiency of water suggests 
numerous applications of this order” 

RUBBER TIRES — “An experiment has been made recently in 
New York of much importance concerning the relative value 
of rubber-tired wheels on ambulances It has not as yet, 
however, been determined whether the sohd or the pneu- 
matic tires are preferable Several inconveniences have 
been experienced m the use of both forms of rubbr tires 
The ambulances are so heavy that the pneumatic tires col- 
lapse very often And the solid tires are likely at any moment 
to be tom from the wheels,^ since the strain is unusually 
great. These difficulties, it is thought, however, can be 
remedied m time ” 

SEA SALT — “Extensive works have recently been established 
at Oldbury, near Birmmgham, for the electrolytic prepara- 
tion of chlorme and caustic soda from sea salt. . The estab- 
lishment contains 30 pans, which permit of the daily pro- 
duction of 1,300 pounds of caustic soda and 1,100 of liquid 
chlorine ” 

DANGEROUS ARCS — “Over the street doors of one of our 
"Jhost extensively patronized dry goods stores arc lights are 
suspended for purposes of illumination 'flirongs of ladies 

6S 


ore constantly passing to and fro under these lights We 
noticed a narrow escape for a lady the other evening. Fire 
fell from the arc lamp and just grazed her dress as she passed 
under the lamp. The inflammable nature of women's apparel 
IS such as to render it dangerous for them to stand or pass 
under arc lights There should be a law to prohibit the use 
of open arc lights. It would be easy to arrange a glass basin 
or plate under the lamp to catch and arrest any falling bits 
of the Ignited carbon” 

JET PROPULSION — “Instead of the ordmary screw propeller, 
jets of water are used to drive a new steam-propelled life- 
boat The water jets are produced by means of rotary pumps, 
and when the jets are discharged from the stem the boat is 
driven forward The discharge nozzles are capable of being 
shifted, so as to direct the jets laterally, m which case the 
vessel may be turned around or made to move sidewise” 

OIL BURNING — “Hundreds of patents have been secured for 
different methods of spraying and burning liquid fuel The 
great secret of success seems to he in so arranging matters 
that the flame will not burn itself out and prevent the oil 
from being properly consumed” 


RAIL WELDING — “The electric welding of railway rail joints 
has, from its inception, attracted the especial attention of 
street railway managers, parUcularly those operating trolley 



Roil Joint cost welding outfit ready lor work 


lines In the accompany mg illustration we present another 
method of welding rail joints, recently brought forward by 
the Falk Manufacturmg Company, of Milwaukee It consists 
m casting around the meeting ends of the rails, in heated 
metal moulds, a large body of melted iron, the principal por- 
tion of the metal being directed about the base and web of 
the rails, and thus effecting, it is claimed, a good weld be- 
tween the iron and steel of the rail ” 

BLAST FURNACES — “The number of blast furnaces in activity 
in the United States at the commencement of November, 
1894, was 181, their aggregate weekly productive capacity 
being 158,866 tons The corresponding number of furnaces in 
operation at the commencement of August, 1894, was 135, 
their aggregate weekly productive capacity being 115,356 
tons ” 

TYPEWRITER RIBBONS — “The manufacture of ribbons for 
typewritmg machines is an industry which gives employment 
to a large number of people On nearly all the first-class 
typewriters these inked ribbons are used. There are at least 
forty different styles of American typewriters, and more than 
400,000 machmes are in actual use Each manufacturer has 
a secret process for making his particular style of ribbon, 
and the secret is guarded with the greatest possible care ” 

FUTURE FOOD — “According to Professor Berthelot, the ex- 
tinguished French chemist, the time may be approaching 
when the farmer will go out of business, and bread and beef 
and or their equivalents, will be produced artificially in 
the laboratory of the chemist” 
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War shortages crop up in strange ma- 
terials Mica, for instance Once seen 
principally in the windows of stoves, 
and in small boys pockets, it is now 
used extensively as electrical insula- 
tion In some war products, it is vir- 
tually indispensable capacitors for 
radio, spark-plugs for airplane engines, 
insulators in electronic tubes 

With demand mounting, manufac- 
turers were desperate A four-man 


technical mission flew to London to 
help ration the world’s supply between 
the United States and Great Britain 
The shortage was serious 
The War Production Board, con- 
vinced that much mica was classified 
too low when judged by appearance 
alone, asked Bell Telephone Labora- 
tories to develop a new method of elec- 
trical tests The Laboratories were able 
to do this quickly and successfully 


because of their basic knowledge and 
experience in this field 

The new tests weie made available 
to manufacturers in this country and 
abroad— the supply of usable mica was 
increased 6o% — and a difficult situa- 
tion relieved 

Skill to do this and other war jobs 
is at hand in Bell Laboratories because, 
year after year, the Laboratoiies have 
been at work for the Bell System 


BELL TELEPHONE LABORATORIES 



Exploring ond Invonflng, dovhing and porfoefing for our Armod Force* at war and for confmood Improvomonfs and economtos in toUphono service 
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WOOMSS WASN’T 


Stuck in the fi 



Truck and bus manufacturers at the start of the war stored 
away designs and ideas for new civilian models to make way for 
production of military vehicles But the war years need not be con- 
sidered lost in terms of commercial vehicle progress. Here’s why: 
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An installation, in 1880, of Babcock and Wilcox boilers in a Standard Oil refincrv 


A Century Of Engineering 


By EDWIN LAIRD CADY 


I r WAS NO mechanical wilderness into which Scientific 
American was born m 1845 In fact, power and the 
machinery with which to use it — the mam concerns of the 
mechamcal engineer— had advanced far enough so there 
was real need for a magazine devoted to the progress of 
science m mdustry 

The steam engine, invented by James Watt in 1769, was 
76 years or four mechanical generations old It was hauling 
trains m England and the Umted States Oliver Evans (1790) 
had built high-pressure steam engines in Philadelphia 
Fulton had proved his steamboat (1807), and the world 
had decided that it was not the man who first thought of 
an idea, as had Evans and Fitch before Fulton, but the one 
who made it useful to the world, who was to be credited 
with it This was important because in that era himdreds of 
mechamcal advances were being kept secret and no one 
will ever be sure who first developed them 
The first Baldwin locomotives were bemg built m 1832 
In 1823 the French Government had determined the tem- 
perature and many of the properties of steam up to 350 
pounds pressure, and **dry” steam techmques were on their 
way By 1840 every type of fire-tube boiler was in use 

TURBINES — ^Power as a by-product of other processes was 
known in 1838; the flame-ignition gas engine was running 
on waste gases The principle of the steam turbme was 
well known, it was regarded as interesting but impractical 


By Reviewing the History of Mechanical Engineer- 
ing and Its Effects on the Industrial Era of Today^ a 
Background is Established Against Which Many of 
the Possibilities of the Future Can Be Evaluated 


On the other hand, inventors worked day and mght on the 
gas turbme 

Electrical power had made something of a start Faraday 
(1821) had converted electrical current into mechamcal 
motion Sturgeon’s rotary electric motor (1832), Jacobi’s 
electrically propelled boat (1839), a five-ton electric locomo- 
tive in Aberdeen, Scotland, (1839), and Morse’s telegraph 
(1837) were showing how electricity could be made useful 
to mechanical engmeermg 

Water wheels were the mam source of mechamcal power 
as they had been for thousands of years But the 30 percent 
efficient under-shot wheel was being displaced by the 60 
percent efficient over-shot and the 70 percent efficient breast 
wheel Impulse turbmes (1835) made high falls of small 
streams useful Fourneyman had a six-horsepower water 
turbine in 1827, a 50-horsepower one m 1832 And with the 
formation of the Escher-Wyss company m Switzerland in 
1845 the modem science of water power was well on its 
way This company was the real developer of the turbine. 

POWER TRANSMISSION — Prime movers, indeed, were much 
farther advanced than the means for transmitting the power 
they generated The Journal of The Franklin Institute (1837) 
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tician, worked out the four-cycle principle of the gas 
engine, and Otto (1860), made a “silent” four-cycle engine 
which worked. 

Power transmission was to get its real start In 1845 the 
Hope Cotton Factory (Pittsburgh) was secretly lubricatmg 
its machmes with a mud-colored, greasy fluid which came 
up in Lewis Peterson's salt well, and petroleum lubrication 
had begun Mineral oil was found in large quantities in 1859, 
and by 1855 enough engineers had learned of Hope Mill's 
use of it so that the world was ready In the meantime the 
“oiUess” bearings had arrived, Yankees were making bear- 
mgs of lignum vitae and lubricating them with water 

BIRTH OF THE MODERN FACTORY— Most important to power 
transmission, James Coombs of Belfast, Ireland, worked out 
a rope drive (1856) with the endless ropes — a rope is easy to 
splice endless — ^workmg m V-grooved pulleys The “Ameri- 
can Rope Drive'* soon followed Here was the big difference 
Coombs used a main shaft but ran a single rope to each 
machine The Americans used a single rope from a main 
drive pulley and ran it to all the machines, thus integrating 
whole factories so that the machines in sequences could not 



Bostlesy coat-tails, and derbies had their place in 
industry in the 1880’», along with mazes of power- 
transmission belts, as witness this scene in the 
wire-insulating department of General Electric 


nationally standardized and mass production was nation- 
ally integrated on its first item 

PRECISION PRODUCTION — ^Machine tools and measuring in- 
struments were of mass-production types Stephen Fitch, 
of Middlefield, Connecticut, had a horizontal turret lathe 
with eight tool positions m 1845 J R Palmer (1848) had a 
workable micrometer caliper Automatic gear cutting ma- 



llie still famous Stillson wrench has changed but 
little from this original design patented in 1870 


chines (1850s) and a gear cutter with an index plate having 
15,690 holes (1852), were followed by the first Brown and 
Sharpe precision gear cutter m 1855 

In 1851 Brown and Sharpe brought out a vernier caliper 
accurate within thousandths of an inch, they followed it 
with a similarly accurate vernier protractor the next year 

E K Root developed a chucking lathe (1855) at Colt’s 
Armory 1861 saw the start of Pratt and Whitney In 1861 
Brown and Sharpe announced the first universal milling 
machine and the first automatic screw machine — either 
would have been a mechanical engineermg milestone The 
first commercial grinding machine, the Brown and Sharpe 
cylinder grinder, followed in 1864 In that same year Sellers 
(American) internationally standardized the micrometer at 
60 degree thread angle, and Brown and Sharpe brought out 
the first spiral miller for cutting grooves in twist drills and 
the first formed milling cutter which kept its accuracy 
through several sharpenmgs None of these devices had 
much meamng unless used for mass production — the “Ameri- 
can System ” 

Other events showed how the mechanized age was rapid- 
ly growing Among them were the gimlet pointed wood 
screw (1846), the first cable car (1858), the birth of re- 
frigerating machinery (1860s), hydraulic presses (1860s), 
and the first Otis passenger elevator in 1861 

THE EXPLOSIVE SEVENTIES— In the early 1860s, industry 
seemed fixed in its character Factories had to work long 
hours Their slow actmg fire-tube boilers were hard to get 
up to the production steaming point, and w,ould not stand 
heavy fluctuations in the load Water power was available 
only during the seasons when the streams supplied it, and 
the plants had to run as long as they could while they had 
it Men, in short, were servants of stupid monsters known 
as power plants, and there was many a social philosopher to 
remmd them of it Worst of all, this condition threatened to 
continue until it engulfed all civilized mankmd 

About 1865, industry began blasting itself free of these 


get out of tune with each other With the Coombs selective 
as well as the American integrated drive ready, power trans- 
mission was freed from the short center and limited space 
problems of gears, but could have the advantages of gears 
also The modem factory was here 

The first American machine-made wire rope (1846) 
presaged modem mining methods, materials handling, and 
elevators 

Steady flowing power, which did not fluctuate with the 
heights of streams, was more and more necessary Mass pro- 
duction was coming along The Hoe revolving prmting press 
(1845) needed it The Howe sewing machme (1846) could 
he cheap enough for public use only if mass made Aaron L 
Dennison of Boston was making machine-made stem-wind- 
ing watches m 1850 The English confiscated the first lot 
he shipped them but paid the declared value price, they 
thought he was dumping his watches, but when he glee- 
fully sent over a much larger lot, and then a third still 
larger one to this quick cash market, the customs officers 
called it quits and let them go on to the wholesalers In 
1856 Brown and Sharpe standardized the wire gage After 
that, American dock springs and other wire goods were 



A drawing of the original Babcock and Wilcox boiler 
which brought flexibility to steam power plants 
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This Worthington pumping engine (capacity six million gallons per day) was built in 1876 


restrictions It was the 15-year era of the “explosive 
seventies ** 

The first Babcock and Wilcox boiler, with its inclined 
water tubes, its headers and drums (1867), meant quick 
steaming Now power could be had quickly and the load 
could fluctuate widely Plants powered by steam could be 
flexible, adaptable 

Feed-water heating was bom in 1870 It was economical, 
power cost was reduced and therefore more power could 
be used, it made fluctuating loads much easier to handle — 
steam can be raised far more easily from hot water than 
from cold 

The Brotherhood radial steam engine (1870) substituted 



In this crude electric furnace. Dr* Edward Goodrich 
Acheaon conducted experiments in the 1890*8 in the 
predstedon of the now widely used Carborundum 
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the unheard-of speed of 225 RPM for the 20 to 60 RPM 
engines then in common use It did away with 20 foot 
diameter fly wheels, the 1800 square feet of floor space de- 
voted to the engine alone, and so on, which were needed 
by the slow acting engines It joined the centrifugal pump m 
using high RPM to get rid of bulk 

Most important of all, Moses G Farmer took out the 
first American patent on a dynamo in 1875 Thompson, 
Blush (General Electric), and others were only a year or 
so behind him Industry was about to receive the flexibility 
which only the electric motor could give it 

FLEXIBLE POWER — Power transmission had arrived The 
shifted belt, the friction clutch, and the jack shaft (counter 
shaft) were adding to the flexibility of operations Rawhide 
pulleys and paper pulleys as well as leather covered iron 
ones were permitting more power to be transmitted by 
smaller equipment Cotton belts impregnated with rubber 
were used for wet conditions, but no one then foresaw the 
modem rubber belt The disadvantages of lard oil as an 
all-purpose lubricant were quite apparent One English 
manufacturer was distilling 400,000 gallons of lubricating' 
oil a year from coal Ewait (1874) made the first successful 
detachable link chain, this was the start of the Link Belt 
Company and also of modern chain drives 

Westinghouse’s development of the air brake (1869), fol- 
lowing hard on the heels of 3000-foot pipe lines to take 
compressed air to rock drills m Italy, got modem com- 
pressed-air methods well under way The adaptability of 
this method of power transmission still solves thousands 
of factory problems 

Accurate ball bearings were first announced in 1877 The 
handicaps of friction in power transmission were on their 
way out 

AGE OF ACCURACY — Machine shop equipment came on 
rapidly In 1867 Brown and Sharpe had a sheet-metal 
micrometer accurate to 001 inch, and m 1877 a micrometer 
caliper good enough to free the tool maker from the need 
of making his own measuring instruments Professor Rogers 
of Pratt and Whitney worked out the Rogers Bond Com- 
parator and found most standard measuring blocks faulty 
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Courtesy Automatic Transporution Company 

One of the first contributions to systematic 
materials handling was the self-loading lift truck 


gas engine (1880) ran at 800 PM and weighed only 88 
pounds per horsepower, its 200 RPM predecessors had 
weighed 1000 pounds per horsepower The Maybach car- 
buretor (1893), with ball float and needle valve, made mod- 
em gas engines practical 

BELTS, GEARS, CHAINS — ^Power transmission had gone defi- 
mtely to belts, with gears and chains for small, mtimate 
mechanisms Hans Reynold (1880) made a roller-bushed 
cham Forced feed lubrication arrived Timken (1898) worked 
out a comcal roller bearing to make his sulky run more 
easily — Timken roller bearings were on their way Triple 
valves for Westinghouse air brakes (1887) opened the way to 
thousands of mdustrial uses of compressed air 

Ewart and others began applying his link-belt chains to 
scraper systems, bucket elevators, all sorts of materials 
hanging devices The Gandy belt was showing what could 
be done with belt conveyors 

Acetylene gas (1895), Elihu Thomson’s first electnc weld- 
er (1886), and Linde’s liquid-air apparatus (1895), pre- 
saged the age of weldmg 

High RPM machinery needed better gears Gleason’s first 
automatic bevel gear planer (1894) and the Fellows gear 
shaper (1896), made such gears possible on a mass-produc- 
tion scale The first Bullard Vertical (1883) and the Hart- 
ness Turret Lathe (1889) were mtegrations of machine build- 
ing ideas which had been developmg for nearly a century 
Acheson’s Carborundum process (1893), added hundreds of 
new possibilities to the fine grindmg and accurate production 



One of the early duplicating lathes, patented hy 
Thonsas Blanchard, 1843* U.S* National Museum 


fields by providing a man-made abrasive superior to nature’s 

Reece’s button hole machine (1881) solved the most delay- 
ing hand-work problem of clothing factories and comple- 
mented the sewing machine in makmg possible the mass 
production of textile products The Mergenthaler Linotype 
(1884), Edison’s Kinetoscope (1893), Eastman’s Kodak snap- 
Aot camera (1888), and the development of nickel steel 
(1889), each brought in a brand-new age 

MASS PRODUCTION— In the years 1900-1920, the mass pro- 
duction or “American System” proved itself to be the only 
one capable of bringing mechanical civilization to its full 
flower 

The Norton grinder (1900) was heavy enough to make 
accurate grmding a heavy production rather than a light 
supplementary operation Diesel engines added another to 
the prime-mover types already available Broachmg was 
born New Departure (1906) and Gurney (1905) showed 
that a single ball bearing could take both radial and thrust 
loads at high speeds — ^previous practices had called for one 
radial and one thrust bearing Accuracies of 001 inch, pre- 
viously regarded as fine, became coarse ones Machines 
working to 00001 inch became common, with 000001 mch 
tolerances m plain sight The Federal Products Corporation 
turned to dial mdicators and other high accuracy instru- 



was the first percussion drill made for this work 

ments as an emergency measure to hold their skilled help 
(1919) , and found the market almost unlimited Spiral gears, 
bevels, hypoids, and herringbones became common, they 
could not have been used in an age when high precision 
was unknown 

The pooling of the automobile patents and others proved 
to be a much greater benefit resultmg from World War I 
than could have been received from any grabbing of terri- 
tory The automobile assembly line became the merciless 
proving ground for every mechanical device or idea Prog- 
ress went into high gear and has never slowed down 

CHEMISTRY AND METALLURGY— Witli the 1920s, mechanical 
engmeering was definitely becoming the servant of metal- 
lurgy and chemistry True, the multiple V-belt drive (Day- 
ton Rubber, 1921, and Allis Chalmers, 1923) was joimng the 
silent cham, the greatly improved gears, the new types of 
electric motors and of variable speed mechanisms to replace 
long center drives and still further unitize machinery And 
materials handling equipment — the lift truck dates from 
World War I — ^was turning whole factories into mtegrated 
machmes 

But higher cuttmg machine speeds had to wait upon sin- 
tered carbides and other metallurgy Stainless steels and 
other new alloys were makmg new machines possible 

Plastics, rubber products, insulations, protective coatings, 
welding rod coatings for shielded-arc welding, explosives to 
fasten rivets, concretes for firmer bases, metal*^ cleamng 
compounds — all these and dozens more were m the chemical 
field^ and machinery advanced as and when they did 

Tliese years served to demonstrate how completely me- 
chamcal engineermg — in the United States at least— had be- 
come the servant of man Let anyone mention a type of 
product he wanted to make or a production operation he 
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This Monster Amazed the World 


When Crane Co was found ed^ tnven^ 
tors Hire seeking uays to harness the 
power of steam One of the earliest 
suiCLSsftil entities was later exhib- 
ited by Corliss, its designer, at the 
Centennial Lxhtbtt in Philadelphia 


When R T Crane first opened his little 
foundry 90 years ago, America was at 
the threshold of an era of economic de- 
velopment A new age of power was at 
hand — power that would transform the 
simple economy of hand craftsmanship 
to an amazing age of mass production 

American inventive genius was already 
at work on new engines to harness the 
power of steam Thus the founding of 
Crane Co coincided with the revolution 
in power production and transmission 
that has built America to its dominant 
position as an industrial nation 


Through the years Crane Co has kept 
step with the demands of power, furnish- 
ing pipe, valves and fittings to meet the 
needs of ever increasing pressure and 
temperature Today, as when the monster 
Corliss steam engine amazed the world, 
the name Crane IS familiar wherever power 
IS produced For any piping system, 
whether it handles steam, water or air, 
gas, oil or processing liquids, Crane can 
equip It 100'^ 

CRANE CO , 8^6 South Michigan Ave 
Chicago 5, Illinois 



In 1945 as in 185 5 C rane serves 
the power plants of the nation 



VALVES • FITTINGS • PIPE 
PLUMBING • HEATING • PUMPS 


BRANCHES AND WHOLESALERS SERVING ALL 


FEBRUARY 1945 • SCIENTIFIC AMERICAN 


NDUSTRIAL AREAS 

79 



desired to perform, and if chemistry and metallurgy were 
ready with the necessary materials, then mechanical en- 
gmeering would produce the goods 
Automobiles, for example, did not perform as well as was 
desired Designers accordingly worked out the needed im- 
provements without many worries about how the new, 
highly accurate, and intricate parts could be made Machine- 
tool builders turned out special machines to do everything 
needed, and materials handling men followed through with 
the assembly lines to keep down tlie costs Strip steel cost 
too much, the answer was the cont nuous strip mill which 
was made possible by modern, accurate anti-fnction bear- 
ings Airplanes could not be made fast enough, mechanical 



Courteny burton CompHnj 

A row of old-style periodir kilns of the potterv 
type III which vitrified grinding wheels wore fired 


engineering devised the mock-up and the modern welding 
and riveting techniques 

In 1845 the machine age was taking hold In 1865 the 
machine was master of the man In 1945 the man is complete 
master of the machine There is the story 

WHAT OF THE FUTURE? — From these facts, a few develop- 
ments can be foreseen 

Accuracies will stabilize at the order of 000001 inch for a 
few years to come Lubrication, warpage, metal creep, and 
other troubles must be overcome before they become finer 

RPM will go higher Mechanisms operating at 100,000 
RPM are m plain sight They will make machines smaller, 
faster, more accurate 

Steam pressuies have not stopped advancing Experi- 
ments are bemg performed at 5000 pounds pressure High- 
pressure steam will be stored as in a battery, used as needed 

Electromc instruments will perform the most exquisite in- 
spection operations upon metal- workmg operations while the 
machines are in motion The instruments will correct ma- 
chine settings, eject partly finished parts if too badly mis- 
machined to be corrected, detect flaws in raw materials, and 
eject the bad pieces before any work has been done upon 
them As a result, high-accuracy opeiations upon intricate 
forms will be more practical 

Materials handling systems right now are in relatively 
the same stage of development as steam engines in 1845 
There will be far more accurate and efficient methods with 
much higher integration of factories 

Machines and mechanical motions will become so con- 
trolled and trustworthy that far more of them will be 
totally enclosed Accidents, therefore, will be greatly re- 
duced. 

Heat will be turned into refrigeration directly at the 
heat-exuding piocess, and the refrigeration in turn used to 
control waste heat or for other purposes No longer will 
steel mills raise the temperatures of the rivers near which 
they are locjtted 

Smokestacks will disappear from factories The gases, 
heat umts, and solid materials which they throw off are too 
valuable to waste 

Noise, vibration, and odors will be absent from factories. 


They are dangerous wastes that never should be tolerated 
The gas turbine will become one of the most important 
prime movers at all horsepowers but especially at 10,000 
horsepower and up. 

Power transmission sequences will contain far more gov- 
ernors, they will constantly compensate for changes in the 
power and speed requirements of processes 
Automatic controls will increase in numbers, efficiencies, 
record-keeping abilities, and mtegration 
Mock-ups, bom in the aeronautical industry, will be used 
in every phase of machine design They will have actual 
working parts includmg gears, motors, bearings, and me- 
chanical motions Often they will be made of glass or clear 
plastics 

Prestressing to achieve higher strength with lower weight 
and smaller cross-sections will be the most dramatic de- 
velopment of the next 15 years It will solve millions of 
design problems 

Welding now is about where machining was in 1865 We 
have a fairly clear idea of how it will develop But it has 
not even begun to give us its best 
Upsetting and forging, both hot and cold, will be done with 
accuracies predictable to the order of 00001 inch Extrud- 
ing and stamping will be similarly accurate 
Standards and standardization will be developed to a 
point which will make our present efforts toward them seem 
like the drawings of kindergarten children For standards 
are the back-bone of mass production And mass produc- 
tion, the “American System,’* is the world’s only hope that 
economies of plenty may displace the war-producing econo- 
mies of scarcity and bring real civilization to all men 


Right When Federal Products 
rorporalioii developed dial in- 
dicators to aid unskilled help, 
they found a hungry market In 
industry, ready and waiting for 
precision equipnienl of this type 


Below. In 1915, The Liiieoln 
Eleciru Company built this 200- 
oniperc welding inaehinc to sell 
for $1550. By 1941 they were 
producing equipment of similar 
eapneity, but greatly improved, 
for a selling price of $200 
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PLASTICS 


Conducted by CHARLES F BRESKIN 


Plastics’ Future 


Cu 111* lailiutry Handle the Hnge Teinme el Buiaesi that Will Certainly 
he Availahle When Peace Conies? Some Figures on Machinery. Prodnciien 
ProcMses, and Materials Indicate that Engineering Design u Providing 
Egnigmoat and Methods ol Outstanding Future Inportauce 


dilMB 

■■hat is the present capacity of 

WW the plastics industry? What 
new production methods are bemg em- 
ployed in it^ What are the figures on 
new equipment ordered but not yet 
mstalled, on the monthly consumption 
of plastics materials, and on plans for 
plant expansion’” 

These questions are being asked both 
by the plastics mdustry and by the 
end-users of its products. Despite their 
present absorption m the production of 
armaments, American manufacturers 
are now laying plans for peace-time 
manufacture of their own lines 

Smce these plans depend, necessarily, 
upon the ability of die companies to 
get delivery of component parts, mter- 
est IS high in the abihty of the plastics 
industry to handle the volume of orders 
that will accompany resumption of 
civilian production This interest ex- 
tends not only to those who have used 
plastics in the past but to a large num- 
ber who expect to use them for the 
first time in their post-war products 
Members of the plastics industry also 
want to know all about its post-war 
destiny 

In an effort to answer these various 
questions, a survey was conducted re- 
cently by means of personal interviews 
plus a questionnaire mailed to 500 
molders, extruders, and laminators who 
constitute the bulk of the industry On 
the basis of these reports the plastics 
industry looked like this when the 
Japs sneaked in on Pearl Harbor 
Some 500 molders were operating ap- 
proximately 9000 presses of which 
8000 were compression and 1000 were 
injection types There are no authentic 
fibres on the machines used for plas- 
tics extrusion at that date because the 
process then was just coming mto its 
own The average monthly consump- 
tion of plastics molding compounds of 
all kinds was approximately 13,000,000 
pounds m 1941 — of which 82 percent 
was consumed in compression molding 

OVERAU INCREASE - Despite drastic 
restrictions on machine production, the 
three years belsVeen 1941 and 1944 saw 
an overall increase of 44 percent in com- 
pression and 50 percent in injection 
presses The extrusion machmes in 
operation in 1944 are separated into 


those used for coatmg wire alone and 
those doing other types of plastics ex- 
trusion, no rubber machines are in- 
cluded It is possible that the time will 
come when some of the 330 machines 
that are now working exclusively on 
wire insulation will be diverted to other 
types of plastics extrusion 
The increase of 44 percent in the 
number of compression presses smce 
1941 has outstripped the 23-percent 
increase in thermosetting molding com- 
pounds that has resulted in a present 
monthly production of 12,500,000 
pounds This increase would be even 
more impressive if it were weighted 
to allow for the larger presses and the 


automatic presses installed since the 
beginning of the war 
The same situation exists with respect 
to injection machines and current pro- 
duction of thermoplastic molding pow- 
ders, although the uninterpreted figures 
would seem to indicate that the reverse 
was true Statistics gleaned in the 
survey show that, since 1941, thermo- 
plastic molding powder production has 
inf reased 165 percent (to a current 
monthly consumption of 6, 350,060 
pounds) while the number of injection 
machines has climbed but 50 percent 


However, to this latter figure should 
be added some of the extrusion ma- 
chines because compounds used for ex- 
trusion, with the exception of the 
vinyls, have been included m the total 
thermoplastic production With the 
existing 350 extrusion machines of the 
non- wire -coating type added to the 
injection machines, the total increase 
IS about 85 percent instead of 50 per- 
cent 

And still the figures are misleading 
Back in 1941 and 1942 almost all the 
machines were two-, four-, and six- 
ounce units while at least 400 of the 
1500 mjection machines which were 
expected to be in operation by the end 
of 1944 were listed as eight-ounce or 
more Estimates indicate that 400 eight- 
ounce machines or larger can use up 
as much or more molding material 
than the 1000 older and smaller ma 
chmes listed for 1941 Hence it is ob- 
vious that the capacity of processors 


to handle molding compounds has in- 
creased out of all proportion to the ac- 
tual number of presses 
The number of hours in the present 
workday must also be taken into con- 
sideration If the plastics industry 
could handle 2,400,000 pounds of 
thermoplastic compounds a month in 
1941 in a 12-hour day, with 1000 smaller 
presses, it can handle at least 4,000,000 
pounds a month today in a 24-hour 
day The new and often larger ma- 
chmes, plus 100 or more extrusion ma- 
chmes, will therefore take care of the 
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2,350,000 pounds remaining from the 
current consumption figure of 6,350,000 
pounds 

FURTHER EXPANSION— This overall in- 
crease in compression and injection 
presses during the last three years has 
not satisfied the molding industry. It 
IS planmng a 21-percent expansion, ac- 
cording to its answers to the survey 
question, “Have you definite plans for 
additions to your plant and, if so, by 
what percentage will the additions in- 
crease your plant size^” 

Obsolescence of facilities is, of course, 
a factor after the last four years of 
all-out effort to keep our military 
forces supplied There have been few 
replacements of machinery during this 
period Operators are eagerly awaiting 
the day when obsolete or worn-out 
machines can be melted down for scrap 
Theie is the possibility that if the 
emergency lasts over an extensive pe- 
riod, the machinery situation would 
seriously interfere with production 
Fortunately, most of the obsolescent 
equipment falls in the small sizes 
where its loss would have a lesser 
effect on output 

For some time the plastics molding 
and extruding mdustry has been guess- 
ing what the equipment manufacturers 
have m store for them Most of the 
items supphed to the Armed Forces 
have been made on equipment of a 
type in existence before Pearl Har- 
bor Nevertheless, despite the lack of 
manpower and the diversion of engi- 
neering facilities, many important 
changes in design have taken place 
since that tune In addition, equip- 
ment suppliers to the plastics industry 
have been storing ideas, some of which 
have been tried and proved 

According to information gathered 
during work on this recent survey, the 
machinery trend is toward larger and 
larger capacity, hence toward faster 
production and lowered cost to the con- 
sumer One of the leading press manu- 
facturers planned to produce only 10 
four-ounce mjection presses durmg 
1944 His six- and eight-ounce schedule 
was for 60 while his 16- and 22-ounce 
machine production was set at three 
each Even 36-ounce presses and larger 
are in the talk and blueprint stage 

The attitude in some sections seems 
to be that the plastics industry has thus 
far been slow to follow the American 
practice of standardizing and then 
producing on a mass basis so as to 


achieve a better product at a lower 
price This is attributed partly to the 
fact that the development of new 
materials and new processes has been 
rapid, and partly to the relatively 
small size of most of the processors of 
plastics materials Standardization, 
however, presupposes extreme flexibil- 
ity wherein one machine, for example, 
can handle a variety of materials 

INJECTION AND EXTRUSION — In line 
with this trend, the Chrysler Corpora- 
tion has recently developed an unusual 
injection and extrusion machine It 
offers great possibilities m both the 
thermosetting and thermoplastic fields 
In its design, particular emphasis has 
been given, thus far, to the mjection 
and extrusion of thermosetting com- 
pounds In contrast to standard injec- 
tion machines which employ a ram 
or plunger that feeds prescribed 
amounts of compound into the die 
cavities, this machine employs a worm 
screw which makes possible continu- 
ous feeding of the plastics materials 
(See also page 40, January 1945, Sci- 
entific American ^ 

The original Chrysler machine just 
mentioned was built by Walter P 
Cousino, project engineer in the En- 


gineering Division of the Chrysler 
Corporation Utilmng the reciprocat- 
ing plunger principle, it became known 
as the single plunger type In this 
first model, which processed only ther- 
moplastic materials, the powders were 
loaded into a ciicular hopper from 
which the reciprocating plunger fed 
the plastics granules into a heating 
umt where the material became plas- 
ticized under electrical heat The mold 
was then closed, and the plunger start- 
ed again to feed the plastic into the 
cavity of the die As soon as the mold 
became filled, the excess material 
backed up as overflow around the noz- 
zle contacting the sprue of the die At 
this point a valve was closed 

The success of this original unit led 
to the development of a second ma- 
chine — the design of Mr Cousmo and 
other Chrysler enginccrs-^-which was 
equipped with two i cciprocatmg plung- 
ers instead of one After preliminary 
work with thermoplastic materials, the 
machine was tried out with thermoset- 
ting plastics such as phenolics As ex- 
periments progressed, it was noticed 
that better results were obtained with 
thermosetting materials than with 
thermoplastics 

About this time the attention of com- 


Hlqh pressures in the Chry 
sler screw injection molding 
machine are obtained by the 
old of baffle gears which 
prevent the molding pow- 
ders from backing up on the 
screw exerting the pressure 




MtAT 6Mt 


Lower lefti The Chrysler 
machine in open position 


Lower right. The some unit 
os at lefL but in the mold 
ing position. The push-down 
piston has lowered the ex 
trusion head ond the nossle 
is in position to extrude the 
material into the closed mold 




MOlO OPEN NOZZLE UP 
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pany engineers was directed to a part 
about 18 inches long and two inches 
in diameter with a Ys-inch concentric 
wall Injection molding of this part 
was difficult in view of the fact that a 
removable mandrel had to be used to 
make possible the removal of one mold- 
ed part from the press while another 
was curing in the die A suggestion 
that the tube be extruded led to the 
latest development of this machine 
whereby the extrusion of thermosetting 
plastics on a continuous basis was 
achieved To make this possible an 
extrusion die was mounted against the 
front end of the injection head 

SCREW INJECTION Although the 
double plunger machine had given 
good results, it was decided to substi- 
tute a screw Injector driven by an elec- 
tric motor This change has the advan- 
tage of giving continuous injection of 
the material, regardless of its bulk, 
until the mold cavities are completely 
filled Thus, instead of having a ma- 
chine limited to parts weighing up to 12 
ounces, company engineers were confi- 
dent of being able to mold much heav- 
ier pieces 

To verify this, a batteiy box requir- 
ing eight pounds of paper -base phenolic 
was first molded on the screw injector 
machine and then on the same machine 
after the screw had been replaced by 
the double plunger type of injector 
One of the photographs shows the re- 
sults The battery box molded with 
the double plunger injector did not fill 
out completely while the other test 
piece was perfectly satisfactory 

When thermosetting plastics are 
molded with this Chrysler machine, a 
screw first feeds the molding powder 
from a convenient hopper into the heat- 
ing chamber As soon as this cham- 
ber IS filled, the screw is stopped and 
the plastic material subjected to heat 
for 15 to 20 minutes After this inter- 
val the injection head, already heated 
to the proper molding temperatuie, is 
lowered against the clamped die so that 
the nozzle seats tightly against the con- 
cave entrance of the sprue adaptor 
The screw is again started, injecting 
the heated material by pushing it with 
cold material from the hoppei As 
soon as the die is filled the sciew is 
stopped 

Finally, after the material is cured, 
the die is opened and the molded pari 
ejected by a suitable mechanism Then 
the die is again closed and the next 
cycle started by lowering the head 
against the die The baffle gears, a 
unique feature in this design are 
responsible for the high injection pres- 
sures obtained in this machine (up to 
22,000 pounds per squaie inch) since 
they prevent the molding powders from 
backing up into the top of the screw 
afid>into file hopper 

Most of the results obtained thus far 
have been on a pilot plant scale They 
would seem to indicate, however, that 
It IS only a matter of time before the 
Chrysler screw mjector machine will 
be ready for luass production of plas- 
tics— a result that has already been 
achievea with rubber The machine 
has been developed primarily to inject 
large parts because the company feels 


that there is a definite need for such 
equipment if plastics are to find in- 
creased uses, not only in the automo- 
tive but in other fields as well 
Another recent successful develop- 
ment, by Hydraulic Press Manufac- 
turing Company, is a rotary indexing 
machine- built to Ford Motor Com- 
pany specifications This machine has 



The battery box at the right, per 
fectly formed, woe molded from plas 
tics with screw Infection The one 
at the left, molded by double plun 
ger Inlection method, did not fill out 

made possible the continuous large- 
scale injection molding of truck oil 
cases from a variety of thermosetting 
materials In operation the continuous 
injector is similar to an aircraft ma- 
chine gun synchronized to fire through 
its revolving propeller blades 

Raw material from the elevated hop- 


REDDY KILOWATT 

Is Molded of 
Cellulose Acefafe 

Over 200 power companies in the 
Umted States, Alaska, Canada, Cuba 
Argentina, Brazil, Hawaii, San Salva- 
dor, and Portugal are using in their 
advertising and public-relations pro- 
giams a small cellulose-acetate model 
of the trade chaiacter, Reddy Kilowatt, 



This livsly symbol of oloctriclty is 
inioction moldod of colluloM>ocotate 


per feeds into a small cylinder wheie 
a slowly revolving screw pushes the 
proper quantity of material necessary 
for a single casting into a large cylinder 
In the large cylinder, the temperature 
of the plastics is gradually raised as it 
progresses toward the nozzle or point 
of injection At this point a hydraulic 
injection clamp holds the nozzle in 
place while the plastics material is 
forced into an electrically heated mold 
Once the casting has been made, the 
mold is released from the injection 
position, to be replaced by the next 
mold on the turntable — and so thiough 
all the stations on the indexing ma- 
chine Meanwhile, the temperature of 
each mold after it is charged with 
material is carefully controlled until 
the die is ready to be opened and the 
casting removed 

The advances that these and other 
machines promise for the post-war 
period are given increased emphasis 
when It IS remembered that less than 
15 years ago an injection-moldmg ma- 
chine consisted of a letter-press affair 
into which a teaspoonful of material 
was placed and electric or gas heat 
applied to melt the plastics Then the 
material was injected by hand into a 
mold to make a miniature piece having 
a volume of only a fraction of a cubic 
inch 


supplied by Ashton B Collins The 
figure IS injection molded of Fibestos 
by the Mack Molding Company in seven 
separate pieces The head is painted by 
hand in a finishing operation m order to 
attain the exact facial expression in- 
dicated in the original model Ready 
Kilowatt has proved popular with 
power companies for display purposes — 
so popular, in fact, that the figures are 
Ijeing sold as novelty items Because of 
the bevelled edge, distinct lightning- 
like flashes can be observed when a 
light IS moved behind the figure 

GUN COVERS 

Provide Protection as 

Well as Flotation 

Assault troops mu«st come in fighting 
To keep their firearms ready for im- 
mediate action regardless of the soaking 
they receive during the landing op- 
erations, the Army has adopted flexible 
water-proof gun bags which offer com- 
plete protection to the equipment en- 
closed in them 

After a gun is placed in one of these 
bags, it can be closed tightly by a 
simple knot Enough air is trapped in- 
side so that the bag and" gun will float 
for an indefinite period if dropped in 
the sea The Lumarith V N (vinyl chlo- 
ride vinyl acetate copolymer) from 
which these bags are made by Shell- 
mar Products Company is so flexible 
that men armed with pistols, rifles, or 
machine guns can manipulate the trig- 
ger and begin firing immediately wifii- 
out pausing to remove the protective 
wrapper 
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MOLDING COMPOUNDS 




IT’S NOT >HE RUG THAT TAKES 
THE BEATING 


HOW TO BREAK A WHITTLER’S KNIFE 

lust kt him go to wqiK on some Dutez resm impieg 
nattd pl>wood, hell think he s whittling on a rock 
hoi Duiez impicgnatmg icsms not only pioduce a 
peimanent bond, but impait tiemendous hardness and 
bliength to the wood I he unusual piopertics which 
these phenolic resins give to wood — in making pl> 
wood— -ha\e rendered them invaluable to wartime 
mdustiy and to progiessivc post wai planners 


PPOTECTIVF COATINGS 


It’s the gooel old pievvai vacuum cleaner itself that’s 
taking the beating these davs Howevei, if youis is one 
of tliosc which arc housed m duiable Duiez phenolic 
plastic cases, these cases will take plenty of punishment 
anci still do then job Foi the Duiez phenolic molding 
compound used foi this purpose possesses excellent 
impact lesisiance piopertics which insuic the vacuum 
clcanei of a long useful life Add to this, the snappv 
looking appeal ance and peifcct insulation which this 
Duicz housing affoids and you can appicciatc the 
benefits of selecting a plastic th U fits the job Thcic 
aie moic than ^00 vcisatile Duiez molding compounds 
which aic daily piovmg then woith undci all tyjnsof 
conditions in thousands of diffeient pioducts cum 
pounds which are valuable to men with imaginative 
ideas for post victoiy inaikets 



ARMOR FOR METALS 

Fven the toughest of metds need piotoeiion from 
cot I osion, moisUii e, acids, alkalies, etc Duiez phenolic 
lesm vainishes piovidc this to the utmost degiee, with 
case of ipplication as an added fcatiuc As protective 
coatings foi machmen, automobile^ metal equipment, 
the msidcs of metal contamcis, and snnilat type prod 
nets, these phenolic lesms arc daily doing a ticmcn 
dously effective job 


As a man of science you naturally are 
interested m plastics The above is but 
a quick glance at the vast scope of 
Durez operations The quaiter cen 
tury’s experience in successful product 
development m practically all fields of 
industry that’s behind Durez techni- 
cians would fill volumes This back- 
ground embraces the entire field of 


fibciiohc plastics from molding com- 
pounds through industrial lesins to the 
oil soluble resins The complete line of 
phenolics which Duitz pioduces has 
been developed only after extensive 
research has proven each phenolic to 
be outstanding foi the specific job for 


wdnch it was designed The resources 
which the Duiez oiganization has to 
offer aic available towards the sue 
cessful development of piactical in- 
dustrial applications Durez Plastics & 
Chemicals Inc , 522 \V alck Road, North 
Tonawanda, N Y 


PLASTICS THAT FIT THE JOB 
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IlluatraMoua courteay The Timken-Detrolt Axle Company 


The inter-city truck trailer combination visualized here may be one answer to 
the motor-transportation industry's constont striving toward carrying heavier 
loads faster and with greater safety It is designed to utilise all load space to the 
fullest and would be constructed of light moterlols for economical operation 


HICeWAT TBASSPOBTATION 

Conducted by LESLIE PEAT 

Tomorrow s Vehicles 


Immediate Post<War Ontpnt oi Tracks and Busses Will be on a Basis el 
Current Models. But, as Soon as Possible, Hanniactnrers Will Pnt Into 
Commercial Tebicles Ail the Proved War-Bora Advances in Mew Alloys, 
Plastics. Synthetic Bnbbets, and Improved Engines 


W HAT KIND of trucks and busses will 
roll along the highways of the 
United States in the years immediately 
following the war*^ The answer to this 
question is of great interest to intense- 
ly automotive-minded Americans The 
answer is that, to begm with they can 
expect no startling changes Immediate 
post-war trucks and busses will be bas- 
ically the same as pre-war vehicles 
Because of the hungry market for new 
vehicles, any and all types will show 
an increase in the hands of users Cur- 
rent production t>pes are the basic 
models for most of the Army and Navy 
trucks, and have been service -tested 
through the years uS commercial ve- 
hicles 

Manufacturers are confident that 
these current types are the best ve- 
hicles that can be produced quickly and 
m large \olume as soon as materials 
and man power are released from war 
production The jeep, of course, is be- 
ing widely consiciored as a possible 
war-bom vehicle for tomorrow, and 


the amphibious “duck^’ also may find a 
role in civilian life when peace comes 
again 

Basically, there have been improve- 
ments in alloy steels, considerable de- 
velopment m plastics, and tremendous 
strides in synthetic rubber during the 
past few years Most of the future 
engines, however, will still be of the 
gasolme type Diesel engine builders 
expect a spurt m sales based chiefly on 
an increased use of present models 
lather than on any striking improve- 
ment in the Diesel engine itself 

THE NEW CRITERION — A new philosophy 
in steel specifications has come into be- 
ing as a result of the shortages of steel 
alloying materials This is “hardenabil- 
ity ” New steel specifications are based 
upon the relative ability of steels to 
harden under given heat-treating proc- 
esses The theory behind this is that 
hardness of steel is an indication of 
its strength Thus the chemical specifi- 
cations are taking a back seat, and data 


of practical use are being offeied to 
the designers of machinery parts All 
the designer wants to know about a 
material is its physical properties and 
its machining, welding, finishmg, and 
other manufacturing characteristics 
This IS one of the legacies of coordi- 
nated research work stimulated by the 
war 

The Diesel engine will probably con- 
tinue to be used more extensively over 
long hauls where the economy of fuel in 
relation to ton-miles hauled will make 
or break the operator Diesel engines 
cannot be throttled down to as slow 
idling speeds as the gasoline power- 
plant, and are rougher m operation 
Because of their greater operatmg 
pressures, they must be built of sturdier 
alloys and are heavier and more costly 
than gasoline engines of comparable 
output They have been improved, 
however, during the past five years 
The gasoline engine, on the other hand, 
stands only a little ahead of where it 
was a decade ago — insofar as overall 
economy of operation is concerned 

TIRES — Of all post-war automotive 
prospects, the synthetic rubber tire is 
the most intriguing subject for en- 
gineers and the public alike Some of 
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the nation’s leading chemists expect 
their test tubes to produce a rubber 
far superior to natural gums Others 
are brave enough to believe that the 
price of synthetic tires will equal that 
of those produced from natural rubber 
before the war Plantations have been 
hard hit by Japanese seizure, and the 
necessary period of re-establishing the 
natural rubber resources of the world 
will give the chemists a httle more time 
to do their stuff The new sihcone syn- 
thetic rubber appears to have advan- 
tages possessed by neither crude nor 
the petroleum and alcohol-base syn- 
thetics These superior qualities seem 
to make it better for a number of uses, 
notably inner tubes 

As manufacturmg technicians ad- 
vance in their pioneering work in hand- 
ling synthetic rubber materials, the 
cost of the material itself may become 
less important Fleet operators and 
motorists are interested primarily in 
the cost per mile of tires, and the labo- 
ratories know that this cost is on the 
way toward — and they hope beyond— 
competition with natural crude rubber 
as far as price per mile is concerned 

BETTER TRANSMISSIONS-During the 
past decade, transmissions have been 
the bane of vehicle designers Fully 
automatic power transmission for motor 
vehicles has long been a dream of in- 
ventors and knowing motorists, and 
some steps in this direction already 
have been made Several companies are 
spending a great deal of development 
energy on this component for the post- 
war vehicle 

Jet propulsion has opened a new door 
to thought about transportation power- 
plants of the future The intense re- 
search and development now being 
done under the aegis of the Army Air 
Forces and Navy Bureau of Aeronau- 
tics may be the first step toward obso- 
lescing the gasoline and Diesel engines 
The answer will he in economics Even 
if the 3 et or gasoline turbine engines of 
tomorrow are foolproof, the factors of 
first cost, maintenance expenses, and 
miles per dollar eventually will decide 
the question of practicability 

Several manufacturers have already 
placed orders for machine tools de- 
signed to make parts for gasoline-in- 
jection systems The number of tools 
ordered indicates that carburetors will 
face stiff post-war competition Experi- 
ence gamed in the aircraft field proves 
that gasoline injection has a number 
of important advantages over carbure- 
tors — even for highway vehicle use 

EJxtensive economic and technical 
studies are being made today on the 
motor fuels of tomorrow In general, 
pending a more complete report on the 
details in Scientific Amencan at a later 
date, the bulk of post-war motor fuels 
will probably be gasolines of about 70 
octane and less This disturbs engine 
designers who yearn to brmg out vehi- 
cle engines of higher specffic output, 
but it nevertheless appears to be a fact 

AERODYNAMIC INFLUENCES— Consider- 
able work has already been done to 
adapt aircraft design structure prin- 
ciples to automotive vehicles Sev- 
eral experimental cars and buses have 


been bmlt along airplane structural 
Imes and it is only reasonable to ex- 
pect others The aircraft manufactur- 
ers have talked some about getting into 
the motor vehicle business, now that 
they have had experience in mass pro- 
duction 

Motor vehicle manufacturers, on the 
other hand, are so certain that strong 
dealer organizations are necessary to 
sell and service cars, and to distribute 
trucks and buses, that they have no fear 
of important inroads into their business 
As far as the public is concerned, the 
merger of aeronautical design ideas 
with the design of motor vehicles will 
bring interesting innovations 

An example of the potential influence 
of aircraft design on the automotive in- 
dustry IS found m the fact that several 
decades of normal development work 
on air conditioning have been tele- 
scoped into three or four war years in 
the aircraft industry The vehicles of 
the later post-war period will certainly 
reflect some of these advances, since 
the automotive industry was moving in 
this direction before the war The final 
decision as to acceptance of such inno- 
vations will depend upon first cost plus 
mamtenance expense in relation to the 
increased comfort of better ventilation, 
heating in winter, and cooling in sum- 
mer Commercial trucks, too, will bene- 
fit from this work, and the post-war re- 
frigerated trucks for perishable foods 
will be far more economical and effec- 
tive than their prewar granddaddies 

Structural engineers in the automo- 
tive industry are working on applica- 
tions of new synthetic materials such 
as paper and cloth impregnated with 
plastics, plywood molded sections, and 
some of the lighter metals which will 
be more abundant than ever before as 
a result of increased capacity built for 
the war effort As far as production 
models of cars, trucks, and buses are 
concerned, the deciding question again 
will be price As long as the post- 


war price of aluminum extrusions, 
sheets, and forgings are unknown, pro- 
duction cngmeers are still thinking in 
terms of pre-war metals for automo- 
biles and trucks Ingot aluminum 
prices mean nothmg to design en- 
gineers 

BRIGHT FUTURE EXPECTED— Post-war 
highway transportation prospects ap- 
pear bright enough without indulging 
m fanciful air-brush dreams of stream- 
lined curves and pastel shades, although 
a number of companies have done 
some of this rosy day-dreaming m off 
moments The basis for solid, feet-on- 
the -ground optimism uj regard to the 
automotive busmess can readily be 
seen when we remember that the in- 
dustry of keeping commercial and pri- 
vate trucks in operation amounted to a 
billion dollars yearly in pre-war years 
As much or more was spent in the 
operation and upkeep of bus lines The 
huge school-bus outlay reaches astro- 
nomical figures m total annual mileage, 
gasoline consumption, and maintenance 
costs In 1943 ihe chartered bus lines 
alone took in more than $1,000,000,000, 
and the 9000 buses in use cost about 
$90,000,000 when new 
Important as were the economics of 
the truck, bus, and parts manufacturers 
in the immediate pre-war era, opera- 
tors are lookmg forward to huge ex- 
pansions of their operations Here are 
some of the reasons 
Industry has been decentralized dur- 
ing the war emergency period in the 
United States Factory expansion has 
larg'dy been achieved out-of-town, in 
small communities where real estate 
was not prohibitive in cost and where 
the labor market had not been already 
tapped One Michigan armament manu- 
facturer, for example, extended his 
manufacturing line 125 miles by hav- 
ing parts trucked for various opera- 
tions to five plants in three towns — all 
within a fifty -mile radius Lack of 
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One of the most Important transportation lessons learned from the war is that 
specialised Yehicles do a given iob faster and more economically. Such lessons 
may someday leod to the construction of dump trucks of this type The side cab 
gives perfect visibility and because of the steering driving axle at each end. the 
vehicle can be driven in either direction without the necessity of turning around 


local foundry, machining, and anneal- 
ing facilities forced him into this 
roundabout proceeding which proved 
economical in the long run and permit- 
ted him to meet his shipping dates for 
finished artillery shells 

Second, home deliveries of retail 
merchandise and foods have extended 
further from centers of urban areas 
during the past two decades This trend 
has been accelerated m the past three 
years It will continue, but at an in- 
creasing rate when the post-war horne- 
building business gets started aftei 
V-E Day 

Twenty major cities m the nation re- 
ceive all their milk by truck, and a 
substantial majority of all milk received 
in all American cities and practically 
every town and hamlet in the countiy 
depend upon trucks The same is true 
of other farm produce Most of the 
retail deliveries of food from coast to 
coast have been depending upon com- 
mercial vehicles of one type or another 
for more than a decade Nearly 5,000,- 
000 motor trucks weie registered in the 
United States in 1941 More than a 
quarter of these weie used by farmers 
Nearly another quarter were used by 
entrepreneurs and firms in the grocery, 
creamery, meat, bakery, and other food 
businesses 

In the third place, the war has 
brought far more cofirdination into the 
economical and technical details of 
highway ti ansportation than has ever 
been known in the past The Office of 
Defense Transportation and national 
engineering societies interested in high- 
way transportation — such as the Society 
of Automotive Engineers and techmeal 
committees of the American Transit 
Association — have brought together a 
vast amount of engineering and operat- 
ing data They have analyzed this in- 
formation to develop icports on im- 
proved use of vehicles during the war 
emergency 

As a result, many operators know 
more about the business than ever be- 
fore An important by-product of this 


work has been a better understanding 
by vehicle designers of the specific 
needs of the tiuck and bus user Al- 
though lacking the showmanship of an 
automobile salon, this new philosophy 
may be counted upon to stimulate bet- 
tei design of trucks and make bus 
tiavel more comfortable in the years 
to come 

HIGHWAY EXPANSION FORESEEN — 

Highway authorities are agreed that 
huge sums will be spent on roads of all 
types in the immediate post-wai era 
State gasoline and vehicle taxes for this 
purpose are expected to continue ($15 - 
000,000,000 in 1941 and $13,000 000,000 
in 1942) and a number of Congressmen 
have Federal highway aid bills ready 
for the “hopper* on Capitol Hill Pies- 
sure of local constituents fox better 
roads may be expected to continue A 
number of large road building programs 
halted by the war will fan out from our 
great centers of population to increase 
the 1,583 734 miles of hard surfaced 
roads and streets and the total of more 
than 3,000,000 miles of surfaced roads 
and streets in the United States 

World Wai II may be counted upon 
as a gigantic stimulus to the increased 
use of motor transportation of all types 
just as World War I cradled the de- 
velopment of the motor truck and bus 
Today’s modern armies have been al- 
most completely mechanized The 
world battlefronts have provided a vast 
proving ground where innovations of a 
few years ago have been proved by 
hard usage over all types of terrain and 
in all extremes of climate Reports on 
performance are made to the manufac- 
turers, both through Army channels and 
directly by engineers assigned to duty 
with the Army as automotive, fuels, 
and lubricants technicians As a result, 
design engineers have a wealth of in- 
formation as a background to many im- 
provements which they eventually will 
pass on to the public 
It appears piobable that post-war 
truck and bus production will hit new 


highs as soon as material and man- 
power IS available for civilian produc- 
tion In 1941, more than one million 
motor trucks were manufactured in the 
United States at a total wholesale value 
of more than one billion dollars If the 
market is not flooded by the vast fleet 
of used Army trucks, vehicle manufac- 
turers will be busy for several years 
after peace comes, catching up on 
needed replacements 

This means that the numerous factor- 
ies of General Motors, Chrysler, and 
Ford, as well as the major truck, bus, 
trailer, fire apparatus, and specialty 
automotive manufactuiers, will be busy 
on heavy backlogs of orders It means 
also that thousands of plants supplying 
parts and accessories will swing into 
action on parts and supplies for the 
manufacturers 

In the kaleidoscope of America’s 
prospective expansion of land, air, and 
sea transportation, the pattern of high- 
way transportation will be the produc- 
tion of current models first and the de- 
velopment of today’s dreams later Ac- 
companying all this there will be a 
steady progress toward more and more 
applications of the scientific achieve- 
ments and engineering knowledge of 
every field explored by the ingenuity 
of mankind 


^ m ^ 

TRANSMISSIONS 

Undergoing Intensive 

Experimental Work 

High tonceniiation of engineering 
effort to improve automobile and truck 
tiansmissions is going on in Detroit and 
other mid-western automotive manu- 
facturing centers The almost forgotten 
Owens Magnetic gearshift has at least 
two counteipaits in experimental stage 
being readied for test, and a number of 
simplei versions of the Oldsmobile 
Hydia-Matic transmission are being 
given the “complete treatment” by sev - 
eial manufacturers Many engineers 
agiee that motor-vehicle transmission 
development has been generally neg- 
lected 

CUSTOM BUILT 

Mofor-Cors Offer 

Extensive Post-War Market 

Sevfral informed motor-car distribu- 
tois believe there will be an important 
market in “non -branded” special 
models of automobiles in the post 
war era to satisfy the strong “fringe 
market” The town-car models, built 
on Ford chassis, were strikingly suc- 
cessful during the late 20’s and early 
30’s, compared with imported European 
cars Before the war the artist Peter 
Arno designed and had bu It a number 
of special bodies for moneyed motorists, 
using standard Mercury and other 
chassis LeBaron, Brewster, and other 
custom -body builders are in business 
no longer, but men who know the trade 
are angling for this market 
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ELECTBONICS 


Conducted by KEITH HENNEY 


Engineered Electronics 


Iniiniiely Variable Motor Drives. Accnrale Timers. Safely and Limit Switches, 
and Other Electronic Devices Can Improve Prodnclion Quality and Lower 
Costs. Application Can Often be Made to Installed Equipment. Lengthening 
Service Life and Increasing Output and Efficiency 

By VIN ZELUFF 

Associate Editor Electronics 


E lectronic drive for machine tools 
has several important advantages 

(1) An infinite number of speeds in 
the speed range are available, instead 
of just a certain number of steps pro- 
vided by gear changes 

(2) Changes in speed with a gear- 
change mechanism necessitate stopping 
the machine, which requires consider- 
able time and makes a mark on the 
work With electionic equipment, 
speed changes are made without stop- 
ping, simply by turning a small knob 

(3) Electronic motor drive is ideally 
suited for setting up an automatic se- 
quence of operations where it is neces- 
sary to change the feed speed fi equent- 
Iv, as well as for automatically regu- 
lating the feed speed to maintain a 
given load on the cutter motor 

TIME SAVING — A reduction m finishing 
time from ISVi hours to five minutes in 
the machining of aluminum spar beams 
for plane wings has been accomplished 
at one Cleveland aircraft plant, with 
the help of an electronic motor control 
system installed on a large automatic 
contour nulling machine designed and 
built by Onsrud Machine Works, Inc 
In aircraft, spar beams are long, one- 
piece structural channels which lun 
lengthwise through the wing, from 
fuselage to wing tip The spar must 
be machined accurately to permit pei- 
fect joining of wing ribs and cap 
strips, and it must be contoured exact- 
ly to conform with the shape of the 
wing itself 

The carriage of the milling machine 
houses four cutter motor assemblies 
that finish the long spar in a single 
set-up despite the wide variety of cuts 


lequired Flexible speed conliol of the 
carriage motor by the electronic diive 
assures that the cutters at all times are 
fed to the work in proper relation to 
the changing contouis of the spar 
beam 

In one pass over the table, the depth 
of cut may inciease and decrease sev- 
eral times, while the number of cutters 
cnteiing the work may change from one 
to four Such varying conditions re- 
cjuiie a change of feed to avoid over- 
loading of the cutter motois Moreover, 
a fast “skip” speed is essential to save 
tmie when no cutting at all is necessary 

With the General Electric Thy-mo- 
trol electronic system, a c power is 
conveitcd to dc to obtain a stepless 
speed range The resulting infinitely 
vanable speed within the established 
limiti. has resulted in top-speed machin- 
ing of the complex spar beam at all 
times 

PRECISION GROOVING—A few days 
after Pearl Harbor, the Sundstrand 
Machine Tool Company was asked to 
build a machine for cutting a precision 
spual groove in the end plates of a 
cartiidge reel Up to this tune the best 
output obtainable on a special vertical 
mill operated by a good toolmaker 


was 1 5 pieces per hour By adapting 
two automatic lathes for this spiral- 
cutting operation and using electronic 
control to vary the speed of the drive 
motor as the cutting tool moved along 
the spiral, output for the two machines 
was five pieces each per hour, and both 
could be handled by a single unskilled 
operator 

One of the automatic lathes was 
tooled for the right-hand spiral and 
the other for the left-hand spiial On 
the spindle nose of each was mounted 
a face plate provided with a central- 
izing plug and manual clamps for hold- 
ing the work On the back of each face 
plate was a master cam with a spiial 
track for actuating a roller and lever 
arrangement for moving the tool slide 
in as the machine rotates 

Due to the thinness of the pait being 
machined, it was necessary to take a 
senes of very shallow cuts until the 
desired groove depth of 0 07 inch had 
been reached A ratchet-type m-feed 
device was devised to advance the 
cutting tool during each return stroke, 
and a gadget was placed on this to trip 
a limit switch and shut off the entire 
lathe when the correct depth of cut was 
reached 

After the operator had clamped a 



Electronic drivo cmd toquonco controls roduco oporotion Gear balancing machine with 50-ton marine geor set 

of this heavy machine-shop lothe to the utmost simpUcity up for test The drive motor is electronically controlled. 
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MACHINE SHOP APPLICATIONS OF ELECTRONICS 

Grinders 

Reversing Table Drives 

Metal-Working Lathes 

DriU Presses 

^filllng Machines 

Winch Drives 

Blotters 

Conveyors 

Key Seaters 

Boring Mills 

Geca Cutters 

Weld Positioners 

Straightening Machines 

Super Finishers 

Bending Mochines 

Baloncing Machines 

Spinning Machines 

Automatic Screw Mochines 

Flanging Machines 

Honing Machines 

Cold and Hot Metal Saws 

Molding Machines 

Threod MiUs 

Punch Press Soiety Stop 

Wire-Drawing Machines 

Power Shears 

Planers 

Sheet Grinders 

Testing Machines 

Automatic Welding Machines 


blank end plate in the lathe, all he 
had to do was push the starting button 
The lathe started turning and simul- 
taneously the cutting tool advanced into 
the work from the outside at exactly 
the correct speed to produce the de- 
sired spiral \^en the tool reached the 
inside of the plate, the lathe stopped, 
the cutting tool retracted to clear the 
cut, and the lathe and tool both re- 
versed to return to starting position 
The entire cycle then repeated itself 
automatically until the limit switch 
stopped the machme at the end of the 
last return stroke 

Maximum efficiency in this opera- 
tion required constant surface speed 
at the cutting tool, with speed in the 
return direction as high as possible to 
reduce non-productive time Reversals 
had to be smooth, acceleration fast, and 
speed changes gradual All these re- 
quirements were inherent character- 
istics of the eleclromcally controlled 
motor used to drive the lathe 

While waiting for delivery of the 
electronic equipment, conventional two- 
speed motors were temporarily in- 
stalled The production of the two 
machines was only six pieces an hour, 
with the motors running dangerously 
hot After the variable-speed electronic 
drives were installed, combined out- 
put increased to 10 pieces an hour and 
the temperature rise was well within 
the motor ratings The machines, com- 
plete with electronic control, cost about 
10 percent more than with two-speed 
drives but they increased production 
by 67 percent In other words, two 
machines with electronic drives pro- 
duced as much as three machines run- 
ning without benefit of vacuum tubes 

Another adaptation of this same 
Sundstrand automatic lathe was for 
turning an internal clearance radius in 
a propeller barrel This was formerly 
a millmg operation but the cutters re- 
quired resharpening so often that the 
manufacturer sought another method of 
machming The charge m the diameter 
of the work from start to finish was 
in the ratio of two to one, and best tool 
life and highest production was ob- 
tamed by maintaining constant surface 
speed at the cutting tool This was 
achieved with a five -horsepower motor, 
electronically controlled A small cam- 
actuated potention ‘Jter mounted on the 
carriage controls the electronic lubes 


in such a way that the motor starts 
at low speed, gradually accelerates to 
high speed at the end of the cut, and is 
then dynamically braked to stop the 
spindle 

TIME-DELAY RELAYS — Such machine 
tools as welding machines, homng 
machines, grinders, and molding ma- 
chines have been arranged for proc- 
essing, cycling, and sequencing by 
means of electronic time- delay relays 
This type of equipment is available for 
timmg mtervals as short as 0 45 second 
and as long as several minutes Nearly 
all such electromc devices operate over 
a range between maximum and mim- 
mum time settings of 20 to 1 and ac- 
curacy of repetition can be held to 
1/120 second Adjustment of the tim- 
ing period IS done with a single knob 
and the number of settings possible 
within the range is almost infinite 
Millions of operations are possible with 
but a single setting and, since there are 
no moving parts, dependability and long 
life are consequent advantages 

Another use of electronic equipment 
in mechanical engineering should be of 
great interest to the safety engineer in 
industrial plants Phototubes and their 
accompanying electronic amplifiers and 
relays have been apphed to machines 
such as punch presses and molding 
machines Here the interruption of a 
beam of light by the operator actuates 
the phototubes and causes the machine 
to become inoperative, thus avoiding 
accidents 

On thread milling machines, elec- 
tronic drive IS used to obtain a wide 
feed-speed range Here, speed of op- 
eration is important and the electronic 
equipment provides a means for run- 
ning the machine at optimum speed and 
making it possible for the engineer to 
elimmate a complicated mechanical 
system previously used 

A C. TO D.C — ^The demands of many 
machine tools require the flexibility of 
speed and torque control provided only 
by D c motors Previously this has been 
supphed by motor generators or rotary 
converters which have moving parts 
and require maintenance and super- 
vision Electronic equipment provides a 
satisfactory means of obtaining d c 
power at constant voltage from a mer- 
cury -arc rectifier, a device having no 


moving parts and requiring little super- 
vision and maintenance 

These mercury-arc rectifiers are 
built in two forms — the glass tube type 
and the tank type with a metal casing 
Such rectifiers have a greater overall 
efficiency than rotating equipment, par- 
ticularly at light loads where the effi- 
ciency of the rectifier unit may be 
nearly eight times that of the motor- 
generator set It has been reported that 
comparable operation of both systems 
at 85 percent of rated output permits a 
saving of $800 in power cost for a 300- 
kilowatt unit of the rectifier type This 
is over and above a reasonable allow- 
ance for replacement of tubes 

Electronic drive offers many features 
that can be used to advantage by the 
grinding-machine operator Smoothly 
adjustable low speeds permit design- 
mg of driving units which have a 
minimum of rotating parts This re- 
duces the vibration that is a constant 
source of trouble and a cause of in- 
ferior grinding 

Speed control of a grinder by means 
of a small device is something every 
mechanical engineer welcomes because 
the large rheostats otherwise necessary 
with adjustable-speed dc motors are 
difficult to mount on a machine and 
require a large amount of space The 
electronic control uses only one or two 
small potentiometers 

In a grinding machine, efficiency is 
highest when the pressure of the work 



Courtesy Weatinghouse 

Electronic drive makes It possible 
to mount the motor at the machine, 
place a small control cabinet on the 
walL and give the operator handy 
speed-change and start-stop controls 

against the wheel is constant at a value 
corresponding to the optimum cutting 
capacity of the wheel This pressure 
can be found, and it is possible with 
the electronic drive to control the in- 
feed of the grmdmg wheel so that this 
rate of cutting will be maintained even 
though it is necessary to vary the feed 
speed to obtain it 

Many electronic applications have 
been made to the headstock drives of 
cylindrical grinders to turn the work 
at the required varymg speeds during 
plunge-cut grinding Without such con- 
trol, the finished product may show ir- 
regularities on the surface 
Surface grinders which have a circu- 
lar rotating table and a reciprocating 
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wheel head that is separately driven 
can be controlled to provide practically 
a constant surface speed As the wheel 
approaches the center of the chuck, 
both the chuck rotation and the wheel 
head speed should be automatically 
increased so as to maintain within 
fairly close limits a constant wheel 
head feed movement of a specified 
amount per revolution of the chuck 

The application of electronics to 
grinding machines generally involves 
redesign rather than application to 
present design The modernized and 
entirely new design gives a big re- 
duction in the number of rotating parts 
and m the parts necessary to produce 
the desired results This gives the user 
of grindmg machines the advantage of 
wide speed ranges that will enable 
him to produce ground parts at the 
maximum production rate, finest finish, 
and high accuracies necessary now and 
in the post-war period 

ELECTRONIC BALANCING— In balancing 
machmes, rapid acceleration and de- 
celeration has been a difficult problem 
because couplings and other parts must 
be light in order to avoid distortion 
of results Torque must be smoothly ap- 
plied and limited in amount so that 
such parts will stand the strain Also, 
acceleration and deceleration must be 
done quickly since the time involved is 
not useful 

With electronic motor control, ma- 
chines with drives rated up to 200 
horsepower have been provided With 
these, a gradual application of torque 
and torque limit acceleration and de- 
celeration IS provided The torque is 
not allowed to increase above the safe 
operating value for the machine and 
this maximum torque is held closely 
during the entire acceleratmg and de- 
celerating periods 

With electronic equipment, balancing 
machines gain in two ways First, the 
motor torque can be held to the maxi- 
mum permissable value and, second, 
the speed adjustment is stepless and 
pennits accurate and easy adjustment 
at exactly the correct speed 

By means of electronics, many old 
machines can be given greatly im- 
proved operating characteristics when 
it is impractical to obtain new machine 
tools For example, use of electronic 
motor drives on three 30 -year old Heald 
grinders at the Axelson Manufacturing 
Company resulted in improved preci- 
sion finishing of hardened pump liners 
requiring finished tolerance of 0 001 
inch The variation in liner sizes and 
materials used required grinding speeds 
over a wide, closely regulated stepless 
speed range of 20 to 1 in order to secure 
the desired tolerance and finish 

The electronic drive used in this case 
consists of an electronic rectifier to 
change a c to d c , plus a d c driving 
motor whose stepless speed is con- 
trolled by a potentiometer in the push- 
button station 

Physical advantages were also gained 
by new layouts of the machines The 
three grinders were reset on a 35-de- 
gree angle with a savmg in floor space 
of about one third Removal of all 
overhead pulleys, belts, and shafting 
resulted in increased safety, improved 


illumination, and elimmation of vibra- 
tion 

Time study engineers at Axelson 
report that an appreciable saving in 
set-up has been effected largely by 
better illumination of the working area, 
plus less complicated controls and 
speed-changing apparatus on the 
grinders 

Thus far, the full automatic electronic 
control of machine-shop equipment has 
been confined to motors of relatively 
small size Fundamentally, however, 
there is no reason why similar controls 
cannot be applied to motors of any size 
so long as suitable tube combinations 
are available for handling them When 
the limit of the thyratron tube has been 
reached, it will undoubtedly be possible 
to employ the pool-type igmtron tubes 
in suitable circuits 

For the mechanical engineer, then, the 
outlook ahead m the direction of elec- 
tromcs 18 promising With electronic 
drives, electronic timers, photo-electric 
safety and limit switches, and other 
tube-operated devices available at con- 
tinually decreasing prices in a widen- 
ing variety of iy\:>es and sizes, he will 
find more and more frequently that he 
can economically specify control by 
electronics for improved production 
quality and, at the same time, lower 
production cost 


^ ^ 

ELECTRONIC TESTER 

Ends Guesswork 
in Repairing Wires 

The guesswork usually involved in lo- 
cating broken wires under the insula- 
tion of extension cords and wires used 
on electrical appliances is eliminated 
when an electronic tester developed 
and constructed by Consolidated Vul- 
tce Aircraft Corporation is used 
In the unit, one electronic tube is 
connected as a self-excited oscillator 
operating on a frequency of about 400 
cycles The output of this oscillator 
is applied to the cord 
A small amount of the signal energy 
IS picked off the cord by a metal iing 
through which the cord is passed Fed 
to a high-gam amplifier, the signal am- 
plitude IS incieascd sufficiently to op- 
erate the output meter When a break 
in the conductor passes thiough the 
nng, a sudden change in the meter de- 
flection occurs and the broken spot can 
be quickly and accurately ascertained 
Thus the necessity of cutting the cord 
in more than one place to locate the 
break is eliminated 

STABLE CRYSTALS 

Produced by Exposure 
To X-Ray Beam 

A NEW production techmque for quartz 
crystals uses x-rays to adjust the deli- 
cate plates to final frequency at a 
rate of 30 to 50 cycles a minute Quartz 
plates for the six- to eight-megacycle 
range can be lowered as much as three 


kilocycles in frequency simply by ex- 
posure to x-ray beams. 

Frequency can be checked continu- 
ally during the treatment, hence the 
crystal can be removed from the beam 
at the instant it reaches the correct 
frequency 

The x-ray equipment, developed for 
this purpose by North American 
Philips Company, employs a new high- 
intensity water-cooled x-ray tube Ona 
crystal is exposed at a time Experi- 
ments made by Dr Frondel of Reeves 
Sound Laboratories show that the 
change in frequency is permanent 
throughout and beyond any tempera- 
ture range that the crystal is likely to 
experience Factory applications of the 
technique include recovery of over- 
shot crystals that have been carried too 



far in finishing and hence are too high 
in frequency, precise adjustment of 
standard crystals for use in calibration 
and in testing, manufacture of precision 
crystals for frequency and time stand- 
ards, precise adjustment to final fre- 
quency without the possibility of fur- 
ther aging 

FLUTTER RECORDER 

Is Light, Compact, and 

Simple to Install 

P RESENT knowledge of the flutter of air- 
plane parts has been gathered from ex- 
periments on the ground and in flight 
For exhaustive study in the air, equip- 
ment weighing about 500 pounds has 
been used Installation and tests by this 
method required about two weeks 

A new flight vibration recorder uses 
electronic tubes and is light enough 
to be held on the lap of the observer 
Installed and put into use in a few 
hours, it IS also useful In the study of 
vibration in motor mounts, cowling, 
and small accessories Velocity or ac- 
celerometer type pickups can be placed 
at many points about the plane and 
two of these can be operated simul- 
taneously A selector switch permits 
other points to be studied during the 
same flight The electronic unit contains 
Its own batteries, amplifier, electronic 
switch, and cathode-ray tube as well as 
a camera to photograph the oscillograph 
record 
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AmnON Conducted by ALEXANDER KLEMIN 

Engineers and Wings 

Co-Operation Botwoon Aeronanticai and Nochanical Enginoors Hai Made 
Possible Such Strategic Airplanes as the Snperfortress and Other Mili- 
tary Marvels. It will Bring to Post-War Civilian Flying a Like Measure 
oi Success in Conquering the Problems el Flight 


W ITHOUT high devt lopment of me- 
chanical enginceiing, and its con- 
tinuous support, modern aviation would 
never have been possible On the other 
hand, aviation has, by its scientific re- 
search, led directly to many refine- 
ments and advances in the theory and 
practice of mechanical engineering 
The airplane power plant is the point 
where the immense achievements of 
mechanical engmeeimg attain their 
highest concentration in the science 
of aviation Hence a survey of the re- 
lationship between the two fields can 
best begin with a consideration of the 
contributions of mechanical engineer- 
ing to the airplane engine The pnme 
mover in aviation has grown in power 
and complexity from the early days 
of the Wnght brothers until it is to- 
day a remarkable unit capable of de- 
veloping 2200 horsepower with its 


weight running scarcely more than a 
pound per horsepower Other aviation 
engines have an even lower power/ 
weight ratio 

For many years the airplane engine 
has not departed from the classical 
principles of the four-cycle internal 
combustion engine, although it has been 
improved rapidly in compression ratio, 
refinement of materials, strength de- 
sign, and better cooling There is no 
comparison as regards specific power 
and efficiency between the airplane 
engine and the automobile or motor- 
boat engine 

While in the early days of aviation 
the internal combustion engines used 
were designed largely by mechanical 
engmeers with automobile experience, 
aeronautical designers have now far 
outstripped the originators It is prob- 
able that in the post-war period motor- 


boat and automobile engines will fol- 
low airplane practice Today, the 
conventional four-cycle engine is los- 
ing ground A greater knowledge of 
thermodynamics, coupled with vastly 
improved materials capable of with- 
standing high temperatures under 
stress, all enlivened by a burst of new 
ideas in both mechanical and aeronauti- 
cal thought, have changed the whole 
situation 

It may confidently be expected that 
the development work of many years 
in the building of airplane super- 
chargers will be succeeded by the con- 
struction of gas turbines running 
possibly to 5000 horsepower and caus- 
ing something like a revolution in the 
aircraft power-plant The turbo-jet 
engine, in which a compressor, driven 
by a gas turbine, c'ompresses fuel and 
air so that they bum to give a jet of 
great speed and high power to drive 
the airplane forward, will supplant 
the conventional power-plant and pro- 
peller in planes with speeds well over 
500 miles an hour At the same time, 
a return to mechanical industry in 
the development of the aircraft turbine 
will be made Undoubtedly the suc- 
cess of these prime movers will fire 
with renewed ambition engineers con- 
cerned with railroads and surface ves- 
sels Gas tui bines may soon be pro- 
pelling both lailroad trains and 
sea-going vessels 

APPLIED KINEMATICS— There is scarcely 
a single aspect of kinematics that is not 
utilized to the full in aviation A typi- 
cal application is that of geared com- 
binations of vaiious types and design 
In the airplane engine, where as much 
horsepowei per pound must be de- 
veloped as possible, every effort is 
made to inciease the engine’s revolu- 
tions per minute On the other hand, 
a propeller which revolves too rapidly 
loses efficiency (because the tip speed 
then approaches the speed of sound) 
and also makes far too much noise 
Hence it becomes essential to gear the 
propeller down, and here \pplied kine- 
matics comes into play 

Gearing down ^e propeller would 
seem at first to be quite a simple prob- 
lem Why not use a single reduction 
gear, of the herring-bone type, with a 
big gear on the propeller shaft mesh- 
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ing with a smaller gear on the engine 
shaft? If this apparently simple solu- 
tion IS applied, the thrust line of the 
propeller is placed to one side of the 
axis of symmetry of the engine so that 
complex stresses are produced in the 
crankcase 

The airplane-engine designer there- 
fore borrows the system of planetary 
reduction gearing from the applied 
kinematics of the mechanical engineer 
An intemal-tooth drive gear is splined 
to the crankshaft and drives four or 
five planetary gears carried by a pinion 
cage, itself splined to the propeller 
shaft and meshing with a fixed gear 
bolted to the crankcase This is a typi- 
cal but not a universal arrangement 
Because a number of “planets” re- 
volve around the fixed “sun,” the load 
produced by the tremendous power of 
an aircraft engine is divided into sev- 
eral parts and tlius reduces the strain 
on the gear teeth The planetary gear 
IS more complex than the single gear 
system, but it avoids eccentricity of 
thrust and is probably more compact 
and lighter 

If the aeronautical engineer has bor- 
rowed from mechanical engineering 
in using gear trams, he has also given 
much in return To provide adequate 
strength and minimum weight, aircraft 
engine requirements have speeded the 
development of heat-treated and hard- 
ened alloy steels Also, the great 
engine builders such as Wright Aero- 
nautical and Pratt and Whitney have 
insisted on a degree of accuracy and 
efficiency in spur and bevel gearing 
which the gear-making industry had 
previously thought impossible 

The opening and closing of the in- 
take and exhaust valves at the proper 
point in the cycle is closely connected 
with the efficiency of a four-stroke 
cycle engine Because the aircraft 
engine works at high speed, the valves 
must be opened and closed quickly and 
held wide open for a large part of tlie 
total time But to keep down accelera- 
tion forces and spring tension, the 
valves should be opened and closed 
gradually This contradiction In re- 
quirements and the necessity of de- 
signing cam contours that are neither 
difficult nor too expensive to produce, 
makes cam design difficult and fas- 
cinating Aviation here borrows all it 
possibly can from the mechanical engi- 
neer 

VERTICAL FLIGHT— A new type of air- 
craft IS now m the forefront of public 
attention No aerodynamicist, however 
skilled or learned, could build it unless 
he had the mechamcal engineer to 
back him This is the helicopter The 
aircraft engine is most efficient when 
turning over rapidly, but the lifting 
propeller of a helicopter must revolve 
rather slowly to give a powerful thrust 
per horsepower A 10 to 1 reduction 
must be achieved in small compass, 
with little weight and, above all, with 
the highest possible efficiency of trans- 
mission 

In the helicopter, efficiency of trans- 
mission may make the difference be- 
tween hovermg ignominiously 20 feet 
or so above the ground and the abil- 
ity to climb straight up to a height of 


several thousand feet Hence the heli- 
copter constructor has called on the 
finest art of the mechamcal engi- 
neer to secure the best possible gears 
spur gears cut with greatest accuracy, 
or the wonderful spiral bevel gears, 
which are so smooth in operation be- 
cause of their gradual engagement 
Another necessity of the helicopter 
IS a clutch which will engage auto- 


matically yet slowly when the engine 
has reached certain revolutions per 
minute The helicopter engine must idle 
and warm up before flight If the clutch 
were then thrown in suddenly, a violent 
shock would be imparted to the rotor 
blades, with possible damage Thei efore 
the mechanical engineer has been asked 
to design a clutch with balls subjected 
to centrifugal force acting against a 
spring, bringing the clutch into play at 
a certain predetermined speed, with the 
clutch allowmg a certain amount of 
slip before full engagement 
Still another mechanical problem of 
the helicopter is that of the over-run- 
ning clutch When the engine fails, the 
rotor must continue to rotate in the 
same direction as before, that is, to 
autorotate To have autorotation, two 
things are necessary the pitch of the 
rotor blades must decrease quickly 
(either by manual control or automati- 
cally) and the rotor must be disen- 
gaged from the remainder of the 
transmission It is for automatic dis- 


engagement that an over-running 
clutch IS required Such clutches are 
being designed on the wedge principle, 
with rollers between an inner and an 
outer ring, and a plane cam surface on 
the inner ring With the inner rmg 
splined to the transmission drive, the 
rollers are wedged to the outer rmg 
when power is applied When the 
engine fails and the outer ring tries 


to drive the mner rmg, the rollers are 
un-wedged, engagement between the 
two rings ceases, and the rotor is free 
for autorotation 

HYDRAULICS AID FUGHT— Applied hy- 
draulics is yet another branch of 
mechanical engmeermg upon which 
airplane designers have drawn heavily 
The advantages of hydraulics m power 
transmission are hght weight, con- 
trollability, and low inertia of moving 
parts 

The airplane hydraulic system is more 
complex than that in automobile brakes 
and mvolvcs the use of a reservoir 
and a directional control valve The 
reservoir is necessary to take care 
of change of volume of the fluid with 
change in temperatures The directional 
control valve or “four-way valve” is 
required m a system that must operate 
m two directions 

Airplane hydraulic systems have been 
developed which can be applied to 
brake actuation, retraction of landing 



This Gresnlse machine, that drills and reams all the holes in a Wright Cyclone 
cylinder head, strikingly illustrates how successfully mechanical engineering 
responded to the demand for machine tools to speed up the output of warplanes 
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gear, actuation of wing flaps, moving of 
gun turrets and, m general, to any task 
where reliable and rapid application of 
power is desired It is certain that ap- 
plied hydraulics is of as much service 
to aviation as applied kinematics 

And here again reciprocity exists 
The special needs of the airplane have 
introduced into hydraulics an exact- 
ness and rapidity of control hardly 
thought of before In airplane hydraulic 
systems, where lightness is sought 
above all, pressures of as much as 
3000 pounds per square inch have been 
introduced, with the lightness and com- 
pactness of the new equipment aston- 
ishing hydraulic engineers accustomed 
to more conventional design 

COMFORT IN FLIGHT— In comfortization 
of aircraft, aviation has drawn heavily 
on heating, ventilating, air-condition- 
ing, and air-compressor engineering 
From the ventilating engineer, aircraft 
engineers have obtamed data on the 
quantity of air required by passengers 
They have also learned other funda- 
mental requirements of air supply such 
as humidity control, constant circula- 
tion, reduction of carbon dioxide, proper 
distribution of both humidity and heat, 
and so on 

The comfortization of aircraft has 
also applied principles of heating engi- 
neering in utilizing exhaust heat of the 
engine for building adequate heating 
systems which are not excessively com- 
plex and at the same time are free 
from the danger of introducing exhaust 
gases into the cockpit It is probable 
that in the post-war era airplane design 
will mclude heating of wings and tail 
surfaces to prevent icmg-up, electric 
heating of many accessories such as 
pitot tubes to give speed indications, 
and the use of exhaust-gas heating with 
due precautions for use in the cabin 
Finally, on air transports there will be 
almost universally a system of super- 
charging the cabin for altitude work 

The mechanical problems involved in 
pressurizing will deal first of all with 
the cabin supercharger This is nothing 
but the mechanical engineers’ air com- 
pressor Automatic controls will be 
provided for maintaining the pressure 
inside the cabin at the equivalent of an 
altitude of about 8000 feet Safety de- 
vices will help to maintain pressure in 
case the compressor fails, and methods 
of sealing the cabin will be used even 
where multiple instrument and control 
lines pass through the cabin walls 

UNIVERSAL STREAMLINING— Not so 
very long ago, railroad engineers had 
queer notions of resistance to motion 
The writer has seen formulas in which 
the ground friction, which is roughly 
constant and proportional to the weight 
of the tram, was lumped together with 
the air resistance which varies with the 
square of the speed Applied aerody- 
namics has now penetrated into 
mechanical railroad engineering and 
substituted correct conceptions of re- 
sistance 

Also not long ago, railroad engineers 
were likely to neglect completely the 
question of aii resistance They did not 
seem to realize that at 70 miles an hour, 
two thirds of the entire power of the 


locomotive was expended in working 
against the air It is under the stimulus 
of the constant example of streamlined 
aircraft that railroad men have gradu- 
ally accepted the streamlinmg of loco- 
motives and coaches 
Tliere is still another way m which 
the airplane has benefited the mechani- 
cal engineering of the railroads In the 
airplane, almost since its inception, 
there has been a strivmg after light- 
ness of construction This resulted, 
later on, in the use of light, high- 
strength aluminum alloys and stainless 
steel At all times it demanded careful 
calculation of stresses and strains In 
the construction of railroad equipment 
there never was striving after light- 
ness Cheap metals were deemed the 
best metals, and there was no attempt 
at structural analysis Safety was se- 
cured by following tradition and 
strength of construction by brute-force 
of masses of material The result was 
the strong but exceedingly heavy coach 
of American railroad practice, whose 
unnecessary weight wastes so much 
power In the design of the modem 
streamliner, on the other hand, whether 
in aluminum or steel, the most refined 
methods of aviation stress analysis have 
been studied and applied 
The automobile has similarly bene- 
fited from aviation America’s cars are 
already far better streamlined than in 
the early days In post-war days they 
will follow aviation practice as regards 
lightness and the liberal use of alumi- 
num and magnesium Their engines 
will imitate aircraft engine practice 
m being lighter for a given weight, and 
in having higher compression ratios* 
Aviation has also benefited another 


branch of mechanical engineering far 
older than the automobile or even the 
railroad — the production of power from 
wind energy For centuries, the wmd- 
miU remained unchanged Even the ad- 
vent of the industrial revolution left 
windmills of small power, clumsy 
blades, clattering shifts into the wind, 
and clumsy gearing Their use was re- 
stricted chiefly to isolated farms Avia- 
tion has changed the whole outlook 
for the windmill Windmill theory has 
been completely changed by analogy 
with propeller theory for inefficient 
blades the best airfoil profiles have 
been substituted Ideas borrowed from 
the variable-pitch propeller have 
brought into being mechanisms de- 
signed to change the pitch of the wind- 
mill blades in sudden gusts so as to 
limit airloads and prevent disaster The 
art of building cantilever wings has 
given engineers the confidence that they 
can build windmill blades of enormous 
radius The war stopped windmill de- 
velopment, but there is every reason to 
believe that the post-war period will 
see a number of ambitious undertakings 
in the building of auxiliary power plants 
based on the capture of wind energy 
at selected locations 
All in all, the writer is convinced 
that mechanical engineering has bene- 
fited almost as much from aviation as 
aviation has benefited from the activi- 
ties of the mechanical engineer Ameri- 
can engineers, industrialists, and publi- 
cists might well keep m mind that 
excessive specialization is harmful Let 
them remember that all branches of 
American industry and applied science 
are likely to benefit from cross- 
fertilization 


# 9 


THICKNESS MEASUREMENT 

Applied to Airplane Parts Where 

One Side is Inaccessible 

I N THE inspection of highly stressed 
airplane parts, it is highly important 
to check the thickness Sometimes this 
becomes a difficult task when the inner 
surface of the wall is inaccessible — as, 
for example, the wall of a hollow steel 
airplane propeller To measure by the 
echo method of sound reflection, or by 
the use of short-wave reflection as in 
“radar,” might theoretically be feasible, 
but would mean intolerable complexity 
in practice 

Wesley S Erwm, m a paper presented 
before the Society of Automotive Engi- 
neers, describes a supersonic contact 
instrument for thickness measurement 
which has been developed in the re- 
search laboratories of General Motors 
It IS as accurate as it is ingemous and 
simple The Sonigage, as it is called, 
does not measure time intervals but 
rather the frequency of oscillation at 
which the metal is set into resonant 
vibration This frequency, on appro- 
priate calibration, gives a correct in- 
dication of the thickness of the work 

The circuit of the device is shown 
m the sketch A small flat piece of 
quartz crystal is placed against the 


metal wall whose thickness is to be 
measured If a high frequency potential 
IS applied to the quartz plate faces, the 
crystal will change thickness rapidly 
at that frequency This forced mechani- 
cal vibration is transmitted to the ma- 
terial by placing one face of the quartz 
plate in contact with it Since the ampli- 
tude of this high-frequency motion is 
only a few billionths of an Inch, good 


OSetLLATOft 



coupling must be provided between the 
crystal and the work by an oil film 
A power output meter serves to indi- 
cate the resonant frequency of the 
work This resonance point is very 
sharp and if the oscillator is detuned 
as little as 1 percent, by changes in 
metal thickness, the indicated power 
amplitude is greatly reduced* Tlius a 
quick glance at the indicator will tell 
the inspector whether the particular 
part IS of the right thickness or not 
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METALS IH INDUSTBT 


Conducted by FRED P PETERS 


Backbone Of Engineering 


Continuing Development of Metals and Alloys is Giving the Mechanical 
Engineer New Tools With Which to Work. What Metallurgy is Doing Now 
Will Have a Direct Effect on the Progress That Will Be Made in the 
Future New Materials Mean Better Machines and Prime Movers 


I T DOES not take a metallurgist to per- 
ceive that machines and engines are 
largely masses of metal m motion and 
that there are many different metals in 
a particular machine But the job of 
selecting or developing the best alloy 
for each part or service — the right 
material for a bearing, the correct 
steel for some reciprocating shaft, or 
the most durable metal for the base — 
requires not only an intunate knowl- 
edge of mateiials and a thorough 
understanding of machines but the com- 
bined wisdom of Solomon and the 
patience of Job as well 
Mechanical engineering has always 
depended on metals But to an even 
more significant extent its recent 
progress has rested directly on metal- 
lurgical progress Limitations of power, 
speed, loading, and temperatures of 
mechanical equipment today are limi- 
tations imposed by the existing mate- 
rials and the maximum performance 
obtainable from them This being the 
case, what does the future hold in new 
alloys and new metal-working meth- 
ods that may strike away the bonds 
of the recent past and permit the de- 
sign of faster and more powerful ma- 
chines and engines than those in com- 
mon use up to now*^ 

Looking at the problem from the 
engineering rather than the metallurgi- 
cal point of view, it is observed that the 
necessary improvements must come 
from the following directions (1) Abil- 
ity to withstand vibration, repeated 
stressing, or rapidly reversed loading — 
broadly called fatigue endurance or 
fatigue strength — required in such parts 
as Diesel engine crankshafts, airplane 
propellers, springs, bolts, machine-tool 
bases, automotive bearings and rocker 
arms, axles of all types, and so on 
(2) Surface smoothness and wear re- 
sistance, needed in bearings of all kinds, 
automotive and aircraft cylinder walls 
and pistons, machine tool guides and 
ways, scarifier blades, valve seats, and 
the like (3) Toughness and shock re- 
sistance — technically known as impact 
strength — to withstand pounding m 
service received by things like ball 
bearmgs, forging hammer dies and 
blocks, automotive connectmg rods, 
valve stems, shock absorber links, air- 
craft landing gear, railway car coup- 
lings, rail ends, axles, and thousands of 
large and small machine parts that 
strike each other In service 
There is, in addition, another basic 
property that must be possessed to a 
greater extent by some new or future 
materials than it is by any metals now 


111 common use, if mankind is to enjoy 
the full possibilities of mechanical engi- 
neering design This is resistance to the 
effects of high temperatures (loss of 
strength and rapid oxidation) It is the 
chief requirement for materials used 
in steam and gas turbmes, boilers, fur- 
nace and heater parts, oil refining and 
other process-industries equipment, as 
well as brake drums, thermostatic and 
pyrometric elements of various types, 
internal combustion engine valves, ex- 
haust manifolds, and so on 
Fuither, the mechamcal equipment 
of the future will require metals and 
alloys with even better strength/weight 
ratios than those now serving m ma- 
chines, engines, and transportation 
equipment Not only must such mate- 
rials be developed and applied to rail- 
way trains, busses, autos, and aircraft, 
but the lightweight development will 
also have to be extended to machines 
and other factory equipment and espe- 


cially to their load-boanng parts if 
power increases per unit of equipment 
weight are to be realized 

FATIGUE FAILURES— How is the battle 
faring with vibration or repeated-stress 
failures'^ Here, indeed, progress has 
been astonishing* In the first place, a 
once-obscure property of materials — 
damping capacity or the ability of a 
material to absorb and thus ‘‘dampen” 
vibrations rather than to transmit them 
freely — has been investigated and it 
has been found that certam metals 
possess it to a degree that has invited 
new engineering respect for them 
Foremost among these is the once-low- 
ly gray cast iron, whose damping 
capacity is so much higher than those 
of other metals that, despite its fre- 
quently lower strength and fatigue 
value. It is virtually our best engi- 
neering metdl for vibration service 
The increased use of gray cast iron — 



Courtesy Bush>8ulser Ooimpsny 

This direct reversible marine engine exemplifies several applicotions of metals 
in mechanicol engineering. Note especially the crankshafts in ioregromid. 
parts of which must be simultaneously resistant to wear, fatigue, and impact 
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Courtesy American Propeller Corporation 

Checking dim«nsioni of on oirplcaio propeller. Such propellers demand metals 
that ore light and strong, fatigue resistant, and which con be precision finished 


and especially of the hij^h -strength 
varieties now available — is one way in 
which post-war machine designers will 
reduce vibration and thus cut down the 
number of fatigue failures that may 
occur in their equipment 
Materials of high damping capacity 
like cast iron tend to eliminate the 
vibration that leads to fatigue failure 
The greater attention m the fatigue 
sphere, however, has been directed to 
making materials and machine parts 
more resistant to whatever vibration 
does occur, or to repeated stressing or 
alternate pulling and pushing of a part 
Since this is an obvious and major 
problem in the operation of guns, it is 
no wonder that the war period has wit- 
nessed enormous strides in improving 
the fatigue properties of materials 
These strides have not involved the 
development of new fatigue-resistant 
alloys Rather, they have been m the 
direction of the treatment or protection 
of metal surfaces in various ways, pri- 
marily to aid in preventing the forma- 
tion of even the tiniest fatigue crack 
In the heat treatment of parts intended 
for fatigue service, controlled atmos- 
pheres, salt baths, or quick surface- 
hardening methods are employed to 
avoid — in some cases, even to correct 
for — decarburizing the surface, since a 
decarbuiized surface is highly suscepti- 
ble to the formation of a fatigue crack 
Scratches, tool marks, identification 
stampings, and the like are scrupulous- 
ly avoided in airplane wing coverings, 
propeller blades, overhead power-line 
cables, machinery shafts, bearings, and 
so on From such small beginnings do 
great fatigue failures grow Surfaces 
of parts are highly polished in propor- 
tion to the fatigue service they are ex- 
pected to undergo, occasionally they 
are electroplated to improve their en- 
durance, but some types of plating seem 
to be better than others, while certain 
electroplates are defimtely harmful 
The most spectacular method of im- 
proving the ^tigue strength of a metal 
part IS shot peening, alluded to in 
Scientific American, January, 1945, page 
14 By this mass-production treatment, 
castings, forgmgs, and other parts are 


enabled to resist from two to ten times 
the number of stress reversals that the 
un-peened part could withstand 
Fatigue failures are believed by many 
engineers to be the most common cause 
of breakdown of mechanical equipment 
Their reduction will obviously mean 
better and longer service from oui ma- 
chines In a broader sense, however, 
our new ability to design parts of thin- 
ner sections means that greater power 
can be built into machines of given 
weight than has been possible hereto- 
fore 

BEARING PROBLEMS— The familiar ma- 
chinery bearing is a metal product that 
IS required to undergo considerable 
fatigue stressing in service, it is also a 
first-class example of the need for 
metals having high smoothness and re- 


sistance to wear m continued metal - 
sliding-on-metal service Mechanical 
engineers, faced with this problem from 
the first moment a wheel turned, have 
utilized a variety of materials for so- 
called plain bearings The old standbys 
include lead-base babbitts (lead-anti- 
mony-tin alloys), bronzes and leaded 
bronzes, tm-base babbitts (tin-anti- 
mony-copper alloys, widely used in the 
automotive field in normal times) , cop- 
per-lead alloys, cadmium-base alloys, 
cast iron, and *‘oil-less” or self-lubri- 
cating bronze or iron materials 

Bearing service is a combination of 
many factors, the most important being 
resistance to galling, conformability, 
embeddability, fatigue strength, corro- 
sion resistance, and ability to be bonded 
to a backing if required The metals 
listed in the preceding paragraph 
possess these in varying degrees there 
IS no perfect bearing metal Not so long 
ago, engine and machine designers were 
actually forced to compromise their 
speed, power, and lubricating oil rela- 
tionships No one of the foregoing 
bearing metals could measure up simul- 
taneously with respect to (a) resistance 
to seizing at the temperatures reached 
with higher loading, (b) fatigue 
strength, and (c) resistance to corrosion 
by the modern high-compression-engine 
oils 

But the war yeais have evolved and 
gained acceptance for new bearing 
metals that remove some of the bar- 
riers once considered inevitable by en- 
gine designers Pure silver bearings 
and silver-lead alloys (either cast or 
plated and heat-treated) have found 
an important place in aircraft engmes 
and are certain to be widely used in 
post-war trucks, motor-cars, and ma- 
chines in general They have superior 
fatigue strength and excellent corrosion 
resistance Indium-plated bearings 
are now widely used and are promising 



A locomotiTe oxlo-testing machine which fimiilotet conditions that will portain 
at oporotlng spoodn of up to 150 mllos on hour. Fow torrlcos roquirod ol motols 
oro so soToro os thoso domondod by oxlos for high-spsod tronsportotion 
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post-war prospects for similar reasons 
A special bearing consisting of lead- 
base babbitt impregnated into the pores 
and over the surface of a copper-nickel 
matrix smtered by powder metallurgy 
methods onto a steel back has been used 
by at least one automotive company 
It has been found that the combination 
of backing strength, bondabihty, fatigue 
strength, and corrosion resistance which 
this bearing metal provides is a great 
improvement over those previously 
used Finally, self-lubricating powder 
metallurgy bearings made with tougher, 
stronger non-copper materials offer 
promise of use in heavy-loading service 
once considered too severe for the con- 
ventional smtered bearing 


TOUGHNESS — ^To most engineers, the 
outstandmg characteristic of metals that 
leads to their use in machmery and cn- 



Mochlnes and engines throw metal 
against metal in mony places, thus 
wear tests such as those carried 
out on this machine at Westlnghouse 
ore essential to proper choice oi 
moterials ior such applicotlons 

gmes is their toughness — their ability 
to withstand pounding or sudden shock 
or rapidly applied pressure without 
breaking Certam types of wrought 
steels and copper alloys aie among the 
toughest metals, with cast metals as a 
group weaker than those that are rolled 
or forged 

A common design situation m the past 
was that in which castings were em- 
ployed for certain machine parts be- 
cause the shape of the parts precluded 
production as forgings, or because only 
the casting method would meet the 
speed or cost specifications of the job 
This was done despite the limitation on 
the speed or power of the resulting ma- 
chine necessarily imposed by the rela- 
tively lower toughness or general 
strength of the cast materials with 
which engineers have traditionally 
worked Mechanical engineering of the 
future will not be so limited, however, 
by virtue of certain recent develop- 
ments Notable among these is the 
growmg availability of high-strength 
castings on one hand and the perfection 
of methods and equipment for economi- 
cally forging large and complicated 
parts on the other 

Improvement in the properties of 
castings has been accomplished vari- 


ously Gray iron castings aie now 
scientifically processed to give impact 
and tensile strengths three or four times 
those available 15 or 20 years ago, cen- 
trifugal casting methods yield copper 
alloy (especially aluminum bronze) 
and steel castings comparable in tough- 
ness to the corresponding wrought ma- 
terials, modem heat-treating methods 
have elevated steel castings to the 
status of a first-class engineering ma- 
terial 

Similarly, war-time developments in 
the forging field hold much significance 
for post-war mechanical engineering 
Forging machines and presses have 
been developed to manufacture alumi- 
num and steel forgings of sizes pre- 
viously considered impossible The re- 
sult is that many aircraft engines now 
are 15 to 20 percent more powerful or 
faster because their cylinder heads are 
now strong aluminum forgings instead 
of the conventional castings Forged 
steel cylinder head and barrel units 
make our PT boats faster and deadlier 
than if the unit were a casting or an 
assembly job 

The impact strength of metals de- 
creases rapidly as temperatures are 
lowered For this leason, the develop- 
ment of alloys that would not become 
dangerously brittle at the sub-zero 
temperatures which supercharger in- 
take parts encounter has been a major 
war-time problem and achievement 
Tlie materials that maintain their 
toughness best at low tempeiatures are 
the austenitic or stainless steels and the 
copper alloys as a class Nickel-alloy 
steels have always been superlative in 
this respect, and several have been as- 
signed war-timc low-temperatuie uses 
that arc ideal preparation for a bright 
post-war career in the expanding re- 
frigeration and air-conditioning field 

BRILLIANT ACCOMPLISHMENTS— Bright 
as are these advances, metallurgy’s 
shiniest contribution to the expansion 
of mechanical engineering design hori- 
zons, m the opinion of many, is its solu- 
tion to the high -temperature problem 
that up to now had blocked the devel- 
opment and efficient use of the ultra- 
compact and light gas turbines and re- 
lated power equipment The gas tur- 
bine, based on the use of hot combusted 
fuel gases to operate an air compressor 
for combustion-air and then to deliver 
the surplus power for useful work, is 
an efficient prime mover only when it 
can run at temperatures above 1300 de- 
grees, Fahrenheit Up to now there 
have been no alloys in general use capa 
ble of withstanding such temperatures 
for an economically reasonable period 
Today, however, gas turbines or their 
derivatives are serving as super-charg- 
ers in fast stratosphere-flying aircraft, 
for jet-propelled planes, and for ships 
of certam types Their future foi pow- 
ering such things as locomotives and 
generators, and developing more power 
per unit of space or weight than by 
other means, is bright indeed And this 
is all because new alloys and forming 
methods were developed and used for 
the impeller buckets and blades and for 
the drive shafts that reach extremely 
high temperatures The alloys — still 
a military secret — must also be balanced 


and stable as to thermal expansion 
characteristics and for some jobs must 
be resistant to the destructive effects of 
cold at one end of the system as well 
as of heat at the other 

LIGHT WEIGHT— Perhaps the most obvi- 
ous of today’s metals developments 
which will have a strong influence on 
tomorrow’s mechanical engineering is 
that of light weight Aircraft, railway 
trains, motor vehicles — in fact, anythmg 
that moves or must be lifted — are bet- 
ter if lighter There is now emerging 
a specific group of either high-strength 
or low -weight materials (alummum 
alloys, magnesium alloys, stainless 
steels, “low-alloy” steels, plywoods, and 
so on) that are going to be the founda- 
tion for an era of light-weight design 
whose scope today can merely be 
guessed Since this development will be 
featured in our appraisal next month 
of metals in the railroad field, we’ll do 
no more than mention it here 
Non-metals aie certainly increasing 
their applications as materials of con- 
struction in engineering equipment, 
especially in the transportation field 
But it will be many many years before 
they will seriously threaten the posi- 
tion of metals as the backbone of me- 
chanical engineering, able to withstand 
the terrific pounding, twisting, pushing 
and pulling, abrading, and heating and 
cooling to which machine and engine 
parts are characteristically subjected 
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FAST HEAT 

Made Possible Through 

New Gas Heating Process 

Si EEL heat-treatment is being ad- 
vanced at a rapid pace through the 
development and increasing application 
of a new gas-heating technique vari- 
ously referred to as high-speed heat- 
ing, patterned combustion, “hell-hole 
heating,” and so on This process is not 
only reducing heating time on many 
jobs but also opening up, for gas heat- 
ing, applications once reserved for torch 
and induction-heatmg equipment 

In high-speed heatmg, pre-mixed gas 
and air are fed to radiant ceramic 
cup burners so designed as to develop 
and hold extra-high temperatures and 
concentrated heat in a relatively small 
space In a particular installation, large 
numbers of these burners or chambers 
are employed, the result being an extra- 
high -temperature “head” delivering 
heat to the work at such a rate that the 
time to heat it is a simple function of 
its own thermal conductivity 

Using this techmque, a six-inch bar 
of steel can be brought up to 1800 de- 
grees, Fahrenheit, in 15 minutes — three 
times faster than has been heretofore 
possible Stainless steel tubmg 1/16- 
inch thick is fully annealed in five sec- 
onds Large installations are now in 
production on surface-flowing of elec- 
tro tin-plate and on heat treatment ol 
steel castings, in addition to many ap- 
plications to the continuous heating of 
bars and tubes. 
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CHEMISTBY Of IMDUSTBY Conducted by D H KILLEFFER 

Partners In Prodnction 


Hechanical Engineering Looks to Ckomistry, Chemistry Looks to Mechanical 
Engineering, and Between the Two They have Prodnced an Industry Second 
to None in the World. Chemical Prodnction Requires Equipment that Can 
be Provided Only by Close Co-Operation With Fabricators 


By F J VAN ANTWERPEN 

Asjtorlute Editor Industrial and Engineering Chemist fp 


M utual dex)endenLe is an ixiom of 
American industry Total war has 
proved completely that each industrial 
unit is dependent upon the production 
and products of another and that the 
failure of one portion of the production 
machine means the failure of the whole 
Particularly is this true in the case 
of chemistry and mechanical engi- 
neering Every chemical used in this 
country is made in apparatus that 
came out of fabrication shops scattered 
all over the nation 
Once, In walking through a huge 


gasoline cracking plant that had been 
constructed during the period of the 
most hectic materials- and facilities- 
shortages of this war, I was surprised 
to see that the heat exchangers all bore 
metal tags proclaimmg their maker to 
be one of the large manufacturers of 
rayon materials Never to my knowl- 
edge had this particular company been 
In the business of building chemical 
equipment 

My inquiries were answered prompt- 
ly by the statement that when it had 
come time to place orders for equip- 
ment necessary for the gasoline plant, 
all regular channel were so busy with 
other important war orders that deliv- 


ciy would be delayed many months 
The rayon company had a large ma- 
chine shop well qualified to make any 
type of equipment and they were given 
the orders and plans for making the 
hundreds of heat exchangers that are 
necessary m producing high-octane 
gasoline 

This illustrates the important point 
that no chemical can be made without 
suitable equipment It also helps to 
prove that the science of mechanical 
engineering is basic and that its pnn- 
ciplcs can be successfully applied once 


the fundamentals are determined In 
this instance, a firm of engineers, de- 
signmg and building a chemical petro- 
leum plant, could turn over an order 
for mechamcal equipment to a producer 
of rayons — and because of the close co- 
operation between the world of theory 
and engineering, the results are all that 
had been originally planned 

CHEMICAL-MECHAmCAL GROWTH— The 
story of the growth of the American 
chemical industry cannot be separated 
from the efforts of the mechamcal engi- 
neer in creating and building new 
equipment The mdustry that supplies 
th# tanks, pumps, reactors, autoclaves. 


filters, and hundreds of other special- 
ized and intricate pieces of apparatus 
IS a great American business in itself 
When World War I burst upon us 
there was a great demand for chemicals 
made domestically Not only was 
American mdustry forced to expand, 
because of the necessity of creatmg an 
entire organic chemical industry, but 
the demand for heavy chemicals, such 
as sulfunc acid, was increased many 
fold To make all these products, new 
machmery and corrosion -resistant ves- 
sels were necessary Prior to that, 
much of our chemical industry was ear- 
ned out in foreign equipment by proc- 
esses written by foreign chemists Sud- 
denly the demand was made not only 
for a home-grown chemical industry 
but for an industry using home-pro- 
duced equipment Designs in many 
cases at that time were copied from 
already existing machmery, and the 
materials of construction were the ones 
most commonly available — iron, steel 
some nonferrous materials, and some 
alloys Ceramic materials bore the 
brunt of construction designed to pre- 
vent corrosion In many cases their 
fragility caused much delay and loss 
But America came through Upon the 
fundamentals that were then laid down, 
a mighty American mdustry has been 
organized 

UNIT OPERATIONS— The chemical engi- 
neer has been of prime importance in 
this development Using his traimng m 
the fundamentals of chemistry, and 
borrowing heavily from the technique 
of experimentation and the resolution 
of experimental data into basic laws, 
he has evolved the science of chemical 
engmeering into a series of functions 
known as unit operations These m 
most cases can be reduced to mathe- 
matical expressions 
The basis for equipment design has 
been removed from the realm of ex- 
perience alone and the design of a 
working plant is no longer merely an 
art An engineering problem today is 
reduced to the operations that must be 
performed, and usually the actual cal- 
culations that predict the performance 



GlosB-Uiied tanks and easily cleaned rubber hose help keep breweries sanitary 
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of any piece of equipment can be made erations that make it possible to ex- improvement on the old fire brick 

from the basic experimental data ob- tract magnesium from the waters of which he first used to insulate steam 

tained through laboratory study the sea are predicated upon basic op- boilers A half foot of fire bnck is used 

Experience in most cases would be a erations that are guaranteed by the to seal off the tremendous temperature 

bad teacher The mere physical facts in- mechanical equipment made and de- of 1300 degrees, Fahrenheit The heat 

volved, such as the location of the plant, signed especially for it The task of makes calcium oxide (lime) from the 

would throw off any calculations that winning magnesium from the sea is one oyster shells, which are essentially 

were made on the basis of a plant that that calls for the concentration of the calcium carbonate Kilns of these sizes 

worked somewhere else The change in metal from a solution m which it is are capable of making about 150 tons 

location would involve such funda- present to the extent of 1 2 thousandths of lime per day 

mental data as the mean temperature of a percent Thus m a million pounds 

of the cooling water, the hardness of of sea water there are 1200 pounds of TANTALUM STEPS IN — The processing 

the water and its scaling characteristics, magnesium Much of the operation rests of chemicals today calls upon expert 

the altitude, and the type of fuel avail- solely upon the blending of two im- specialization in the mechanical field 

able It has become necessary for the portant skills — the skill of the mechani- Centrifugal pumps have been designed 

engineer to take the lead of the chemist cal engineer in making equipment that and made of special chemically devcl- 

in this respect, and rely on experimental will work, and the skill of the chemist oped alloys capable of handling acids 

facts for the design of equipment If and chemical engineer in designing and of any concentration Once the making 

the basic data are available, most of visualizing the overall operation of hydrochloric acid was an especially 

the pioblems peculiar to a location or In the very beginning of the mag- dangerous operation because of high 
new design are easily solved nesium extraction process, there is corrosion rates Complete installations 

Another important point seldom real- ample proof that the skills and tech- of chemical quartz had to be made, but 

ized in general considerations of the niques of the mechanical engineer play this was a procedure that was hampered 

engineering sciences is the interchange an important part Four pumps, each by fragility and expense Today tanta- 

of information and techniques Thus capable of delivering 70,000 gallons per lum, formerly a rare metal, is being 

one of the largest manufacturers of minute, take in the water from the sea fabricated into units that successfully 

process equipment designed and dis- Each pump, roughly, is doing 170 horse- handle hydrochloric acid with a mini- 

coveied the methods that resulted in power of work The trash in the sea is mum of corrosion Heaters for acid so- 

the cladding of steel plate with other screened out of the water before it is lutions are constructed from this same 

more chemically resistant materials, delivered to the plant— seemingly, a metal, and industrial processes move 

An important contribution to the casual procedure, were it not that more certainly and for longer periods 

mechanical engineer is the mtroduction the successful screening of water calls because of the co-operation between the 

of an amazing number of new materials for the use of special metals to prevent chemist and the engmeer 

of construction The use of plastics is corrosion and short life of the screen Process industries were once handi- 
too well known to require more than Not only does sea water present a capped when it came to the filtration 

passing mention The chemist has sup- hazard, but galvanic currents require of solids from acid or alkaline solu- 

plied more and better alloying mate- special study and expert correction to tions Now the mechanical engineer 

rials — an outstanding example is prevent loss and shutdown time has his choice of materials with which 

molybdenum, a metal that has helped One of the impoitant side processes to equip any filter press that is used to 
in this war to relieve shortages forced in making magnesium is the production filter the corrosive solutions of modern 

upon us by the cessation of imports of lime from oyster shells These shells technology He may use cloth made 

are fed to kilns by a special belt ar- of glass, rubber, or plastic Wire cloth 

MAKING MAGNESIUM — The production rangement that delivers 16 tons of shells made of all the metals and alloys that 

of the light metal, magnesium, is a per hour The shells are fed to huge are susceptible to fabrication are his 

chemical procedure Its production, 3000 -foot-long kilns about seven feet for the specifying Asbestos fibers have 

however, demonstrates the interrelated in diameter For insulation, the been used, and for the intricate task 

dependence of every industry The op- rnechamcal engmeer has supplied an of filtering colloidal suspensions he can 
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use rubber of minute cell sti ucture and, 
perhaps, glass if the future develop- 
ment of this held continues at the same 
rapid pace that has characterized it in 
the past 

The engineering industries avidly 
adapt the inventions of the chemist and 
in turn the chemist is the faithful cus- 
tomer of the engineer Thus, in building 
one of the new catalytic cracking plants, 
which is solely a chemical development 
based on the practical application of 
chemical principles, over 340,000 pounds 
of valves and fittings were purchased 
In addition, well over 300,000 pounds of 
tubing for heat exchangers had to be 
used, while the pump manufacturers 
were some $56,000 richer because of the 
project 

Into the same plant went 89,000 feet 
of piping Instruments for the control 
of the process cost $47,000 and electric 
motors to run the machinery cost 
$14,000 In any line-up such as that, it 
IS a foregone conclusion that the in- 
dustries are interdependent 

The synthetic rubber program of the 
United States is massive and impressive, 
but no less impressive are the feats of 
the mechanical engineers in making 
working equipment out of substitute 
materials The boiler installations that 



Non-corrosive gloss tanks, designed 
for Westinghouse by Pittsburgh Plate 
Glass as o war-time substitute lor 
metal and wood tanks, are found 
better in many ways than old types 

produce steam for the rubber plants are 
intricate but at the same time compact 
units that represent a high point m 
efficiency 

At one of the butadiene plants there 
IS a steam unit that can make 50 mil- 
lion pounds of high pressure steam a 
day Without this steam not a pound of 
rubber could be produced The engi- 
neering profession, its members work- 
ing together, is the keynote of mdustnal 
achievement 

WORKING ON STUMPS— One of the most 
chemical of industries is the production 
of turpentines, rosins, and other pine 
derivatives from the stumps left behind 
in our Southern lands when the logger 
moves out From the very inception it 
was realized that the industry de- 
pended upon proper chemical methods 
for its life Yet it could not continue to 
function were it not for the develop- 
ment of mi'rhanical aids At one time, 
the stiunps \vere pulled out by mule 
power or blasted o t by dynamite To- 
day, special tractors with huge cranes 


efficiently extract the stump from the 
ground It took years for this particular 
method to be perfected, but now after 
many trials this has been accomplished 
The cranes that remove the stumps can 
travel easily over rough terrain On the 
end of the crane boom is a large head, 
called the “nutcracker,” which is low- 
ered over the stump, Internal teeth in 
the head of the nutcracker clasp the 
stump, and as the upward pulling 
strain of the crane becomes greater, the 
teeth sink deeper into the pine stump 
This particular industry, says the 
largest company in the business, was 
given a big impetus “by the develop- 
ment of a satisfactory ffiog* for the re- 
duction of the stump wood to properly 


sized pieces for processmg The hog 
devours irregularly shaped pieces 
of wood eight feet long and over a foot 
thick with no difficulty ” 

In the plant of this company, great 
dependence is placed on mechanical 
equipment To eliminate metal pieces, 
a magnetic “eye” is placed over the belt 
that conveys the wood chips, when 
metal is detected, the belt is reversed 
automatically and the contents dis- 
charged to the waste pile 
Without the help of the other sciences 
and engmeering techniques, the chemi- 
cal industry could not function Indus- 
try, more than ever before, is mter- 
dependent, and what one develops the 
other uses 


^ ^ 


FLYING RUBBER 

Gives Good Account of 

Itself in Bombers 

Rubber used in airplanes is not limited 
to tires Each four-motored bomber, 
exclusive of tires, requires almost one 
ton of synthetic rubber The huge B-29 
uses moie than that, for it is estimated 
that one of these giants requires almost 
two and a half tons of rubber in its con- 
struction 

Bullet-sealing gas tanks, rubber 
sponge in wing voids to sop up spilled 
gasolme, oil -resistant hose for the 
hydraulic, fuel, and oil Imes, dia- 
phragms, valves, and gaskets help to 
make up the huge quantities of rubber 
that go into the sky giants 

PENICILLIN ACTION 

Requires that Drug be 

Administered by In/ection 

P ENiciLLiN does not destroy bacteria 
directly, according to the latest m- 
formation on this subject, but prevents 
the fission or subdivision of the bacteria 
cell Thus the magic drug, by prevent- 
ing the rapid growth of harmful bac- 
teria, allows the normal body action 
to carry off the attacking organisms 
This IS the job of the blood leucocytes, 
which apparently are not harmed by the 
penicillin 

Because the stomach generates acid, 
all pemcillin must be administered 
either by intramuscular or mtravenous 
injection, the salts of pemcillin are de- 
stroyed by acid conditions 

PROTEINASE 

Useful in Industry 

Obtained from Waste 

Asparagus butts, a waste product of 
the canning industry m certain areas, 
may find useful application if the plans 
of chemists from the Umted States 
Department of Agriculture bear fruit 
Working in the Government’s Western 
Regional Research Laboratories at Al- 
bany, California, three scientists found 
that juice pressed from these butts can 
be used as a culture medium to pro- 
duce bacterial proteinase, an enzyme 


that digests proteins Bacterial pro- 
teinase is used in the brewing indus- 
try for chill -proofing malted beverages, 
in the leather and textile industries, 
and in the recovery of silver from used 
photographic film 

It was also found that the juice 
could be used as a culture medium for 
other processes as a replacement for 
vegetable materials that are now scarce 

TANNIN 

Can Now be Obtained 
From Hemlock Bark 

Chestnut blight has senously de- 
pleted the nation’s source of tannin, 
from the chestnut tree could be ob- 
tained a rich and economical supply of 
this material One of the substitutes 
that has been proposed is western hem- 
lock tannin, and a method of making 
this tanmng material from the bark 
of this tree has been discovered 

At pulping centers m the western 
Umted States there is a large and in- 
expensive source of bark, and through 
mechanical pressing and chemical 
leaching, it is thought that a com- 
merical process can be started that will 
prove competitive with other sources 
of tannin 

COLORED SMOKES 

Employ Mixtures of 
Dye and Fuel 

Colored signal smokes are bemg used 
extensively m this war as a way of 
signaling to distant observers Most of 
the colors are produced by volatilizing 
organic dyes by burning a fuel and a 
dye together Successful colored smokes 
are made by using dyes of the anthra- 
quinone type, and the fuel mixture 
that gives the best service is probably 
potassium chlorate and a combustible 
material such as sulfur or sugar For 
signaling, colored smokes are necessary 
in battle as there must be a distinction 
between the signal and the huge quan- 
tities of smoke given off by bursting 
shells and burning equipment It is 
possible through the proper combina- 
tions to make smokes of the followmg 
colors— yellow, red, orange, violet, 
green, blue, and deep blue 
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FUNDAMENTAL SCIENCE 


Conducted by ALBERT G INGALLS 


Heat Transfer 


Soma of Iha Foiulameiital Science Snrrennding the Many Ways in which 
Heat Transier is hvelved in the Machinery oi Medern Industry. Fiee 
Dilerent Basic Mechanisms ier Transierring Heat. Many Large Cempanies 
Maintain Basic Besearch an These Prehlems Because el their Imperiance 


By G W PENNEY 

Hesoarch Laborfttoriea Westinghouse Electric and 
Manufacturing Company East Pittsburgh Ponnsylvanii 


W ITH the advent of the machine age, 
one of the major developments 
has been the provision of means for 
rapidly transferring heat Our modern 
way of living would be almost out of 
the question were it not for these de- 
velopments Most examples of heat 
transfer are accomplished by one of 
the following means conduction, i adia- 
tion, convection, evaporation, and con- 
densation 

CONDUCTION — Heat conduction is the 
transfer of heat within a substance 
when there is no relative motion of 
the various parts Heat is a form of 
molecular energy which may be thought 
of as a vibration of the molecules If 
one part of the substance is hotter 
than other parts, the increased mole- 
cular energy in the hotter portion is 
gradually communicated from mole- 
cule to molecule and we say that heat 
IS conducted from the hotter part of 
the substance to cooler parts 
We can find materials having a wide 
range of thermal conduc tivity, but there 
IS no substance which can be regarded 
as a non-conductor of heat to the same 
degree that we are able to provide 
electrical insulators Among ordinary 
materials copper is our best conductor 
of heat Low density materials, such 
as granulated cork, glass wool, eider- 
down, and similar materials, are the 
poorest conductors These poor con- 
ductors or thermal insulators have a 
thermal resistance approximately 10 - 
000 times that of copper Compared 
with this, a good electrical insulator 
has from a million-billion (lO^"^) to a 
million-billion-bilhon (10“*) times the 
electrical resistivity of copper Such 
resistivity of electrical insulators is so 
great that, if we want to equip a han- 
dle for an electric switch, a piece of 
papei can to all practical purposes 
isolate the handle, so that in touching 
the handle we do not feel any shock 
In the case of on ordinary cooking 
utensil we want to provide a handle 
which will stay cool even though the 
dish is hot For this purpose we may 
use a handle of wood, plastics, or some 


other poor conductor, and so provide 
a handle which is usable, but we are 
unable to provide a handle which is 
a pel feet thermal insulator 

In genet al, metals are the best con- 
ductors of heat Those which conduct 
electricity best aie also the best con- 
ductors of heat The Wiodcmann- 
Franz law states that <it a given tem- 
perature the ratio of theimal conduc- 
tivity to electrical conductivity is the 
same for all metals Experimental 
values agree with this theoiy so closely 
as to indicate strongly that the me- 
chanism which conducts heat in a metal 
IS closely related to the mcchamsm 
giving electrical conductivity, although 
the exact nature of the relationship has 
not been completely explained 



Coppci which is one of our best 
electrical conductors, has a theimal 
conductivity over 100 times that of 
common dense non-conductors of elec- 
tiicity such as sandstone, gianite, slate, 
or glass Metals and alloys range in 
conductivity from silver and copper 
down to alloys having a thermal con- 
ductivity comparable to the dense non- 
conductors 

There is no known dense or non- 
poious material which is a good thermal 
insulator However, by subdividing 
such a material, many small pores 
filled with air are provided, and air 
when it is thus prevented from circulat- 
ing, IS a very poor conductor of heat 
Hence all our common thermal insu- 
lators merely appioach the thermal 
conductivity of air You may ask 
‘ Why use insulation if it has no lower 
thermal conductivity than the air which 
already surrounds things'^” The reason 
IS that air in any spare of appreciable 
size will move about oi circulate and 
so tiansfer heat by convection and 
the heat tiansferred by convection will 
be many times that transferred by its 
theimal conductivity 

If we must secure a heat conductivity 
lower than that of air, one expedient 
IS to exhaust the air, as in the common 
vacuum or thermos bottle, but this is 
not practicable in large structures Fill- 
ing the poi cs of a substance with a 
gas having a lower thermal conduc- 
tivity than air gives a moderate im- 
provement It is difficult, however to 
seal the gas permanently, hence this is 
usually not a practical solution 

Another theoretical possibility usps 
low “accommodation coefficient” ^ - a 
condition at the boundary between a 
solid and a gas which results in de- 
creased thermal conduction Howevei 
the effect at any one surface is small 
so that to be useful there must be 
many such surfac^es, that is, the gas 
spaces must be very small and the 
solid material must be brokt n up into 
very thin films or small fibers Con- 
siderable progiess IS being made in 
this direction and a gradual improve- 
ment in such thermal insulation can be 
expected 

Even though in most cases we do 
not have an ideal thermal insulator 
we still can reach almost any desired 
low limit of heat loss merely by mak- 
ing the insulation thicker We com- 
monly call houses “insulated” if their 
construction includes insulating board 
only % inch thick but, by filling the 
four-inch space between studding with 
insulation very much lower heat losses 
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can be obtained By increasing the 
thickness of insulation m refrigerators, 
houses, and so on, the loss through 
the insulation can be reduced to where 
It IS small compared with the loss 
through air leakage, windows, metal 
parts, and the rest Hence m most 
applications a better thermal insulator 
must also be mexpensive or it will not 
be used 

CONVECTION — Convection is often de- 
fined as the transfer of heat within 
a fluid by the relative motion of warmer 
and cooler parts of the fluid Using 
this defimtion, the transfer of heat from 
a surface is said to consist of conduc- 
tion through a relatively stagnant layer 
of gas followed by the transfer by con- 
vection over larger distances This defi- 
nition is not very useful because m 
most cases we cannot measure the sepa- 
rate effects The quantity which can 
be measured and is therefore useful 
IS the overall effect, or the transfer of 
heat from a surface to a moving fluid 
For this reason engineers are commg 
to use the word “convection” to mean 
the transfer of heat between a solid 
and a fluid or between various por- 
tions of a fluid in which the heat is 
transferred by a combination of thermal 
conduction and motion of the fluid 
This is the meaning given to “convec- 
tion” in this discussion 

Almost all modem mechanical de- 
velopments depend on convection to 
secure the high rates of heat transfer 
required for their proper operation In 
heating a house the old method was 
merely to provide a stove or fireplace 
which heated the adjacent air, and the 
accompanying change in density caused 
the air to circulate This has been 
called natural convection However, 
this did not adequately equalize the 
temperature m various parts of a room 
Now ventilating systems have provided 
forced convection by means of fans 
so that air is circulated rapidly through- 
out the house with only a small change 
in air temperature 

Many of the improvements in modem 
machines have been made possible by 
advances in the art of transferring 
heat by forced convection In forced 
convection, heat is conducted from a 
surface to the adjacent fluid, and a 
fan or pump is used to move the fluid 
so that the heated fluid will be carried 
away and replaced by cooler fluid 
By increasing the velocity, cooler fluid 
is brought closer to the surface In 
this way the heat transfer rate can be 
increased almost indefimtely How- 
ever, the surface heat transfer rate 
increases only approximately as the 
% power of the velocity, while the 
power required to circulate the fluid 
through a given duct system commonly 
increases as the cube of the velocity 
From this relation it follows that, to 
double the rate of heat transfer, the 
power required to drive the fan or 
pump will mcrease 16 times This gives 
an economical limit beyond which it 
is Impractical to increase the rate of 
heat transfer by increasing the velocity 
of a ffiud 

Particularly in the case of air cooling, 
finned surfaces have been used to in- 
crease the surface exposed to air and 


thus increase the heat dissipated from a 
given object Many tricks are used to 
produce turbulent motion of the air 
to bring cool air over surfaces De- 
flectors and guide vanes can be used 
to bring air to pomts which would 
otherwise be poorly cooled The radial 
aircraft engine is one of the best exam- 
ples of air cooling In this case a large 
supply of high-velocity air is fortun- 
ately available Such important ad- 
vances have been made m air-cooled 
engines that some engineers predict 
that we will again be using them in 
automobiles and trucks 
In many pieces of apparatus, heat is 
generated m such small volume that it 
becomes impractical to cool the part 



2 5,000- watt broadcasting tiibss 
with cooling fins (heat exchange) 


by air, and in this case we usually re- 
sort to water cooling — water is usually 
the most effective coolant available 
For example, laige radio transmitting 
tubes have a very high concentration 
of heat at the anode and on tubes of 
the highest powers water cooling is 
used In one typical modern oscillator 
tube the losses amount to 20 kilowatts 
in a cylindei 3 inches m diameter by 
inches long This amounts to 68,- 
000 Btu per hour or enough to heat a 
typical six-room house in zero weather 
To remove the heat from this small 
area without allowing the surface to 
exceed 100 degrees, Centigrade, water 
must be circulated over the surface at 
high velocity However, water cooling 
requires piping and other complica- 
tions, including the fact that the stream 
of water used for cooling may conduct 
electricity where it is not wanted For 
these reasons, radio transmitting tubes 
are sometimes used at somewhat less 
than full rating in order to permit the 
use of air cooling Air cooling is ac- 
complished by the use of long copper 
fins spaced very close together, over 
which air is passed at a high velocity 
The modem x-ray tube is another 
example of a highly developed cooling 
system In order that the x-rays may 


approximate a point source, high energy 
electrons must strike a small spot on 
the anode This anode may be at a 
potential of 100,000 volts, and there- 
fore, to secure electrical insulation, oil 
cooling must be used Oil is ordinarily 
a poor coolant, compared with water, 
but by using pressures of 30 to 60 
pounds and especially devised passages, 
a rate of cooling vdth oil is secured 
which would ordinarily be accomplished 
only by water cooling, at the same time 
providing adequate electrical insula- 
tion 

Central station boilers require enor- 
mous surfaces to transfer the heat from 
the burning gases to the water To 
reduce the size of the boiler it has 
been found economical to use large 
fans to draw the gases of combustion 
through the boiler tubes and discharge 
these gases up the chimney This con- 
trasts with older schemes m which 
the chimney produced the draft 

Modern rotating electrical machmery 
is possible only because of highly 
developed cooling systems In the elec- 
tric locomotive space is very limited 
and fans therefore are used to draw 
the air over the motors and control 
apparatus In most rotating machines 
many small ducts have been provided 
through which air is blown at high 
velocities However, in locations such 
as steel mills, dust gradually fills these 
ducts and leads to overheating Filters 
and air washers were used but in many 
cases were not adequate and therefore 
closed systems were developed 

In the closed system a fan is used 
to draw air through the machine and 
blow it over water cooling coils and 
back into the machine, assuming that 
the housing is tight, no dust can get 
into the ducts Recently the develop- 
ment of the Precipitron has given a 
sufficiently high efficiency m air clean- 
ing that many steel mills have elimi- 
nated the water cooling coils by taking 
in outdoor air and cleaning this air with 
the Precipitron before blowing it 
through the machine 

Tuibo generators in our power plants 
have used enclosed machines with 
water cooling coils to cool the air, 
but here another limit was reached 
In order to obtain efficient turbine op- 
eration, these machines must run at 
high speed and, to improve the cooling 
air velocities were increased until the 
power required to move the cooling 
air was greater than that in the heat 
removed. This difficulty has been 
solved by the use of hydrogen cooling 
Hydrogen has approximately the same 
thermal capacity per unit volume as 
air, but its density is less than 7 per- 
cent of that of air The power required 
to force gas through common systems 
of ducts is nearly proportional to the 
density of the gas, and thus, by sub- 
stituting hydrogen for air in a totally 
enclosed machine, the power required 
to circulate the gas can be reduced to 
approximately 7 percent. In addition to 
reducing the power required to drive 
the fan, the use of hydrogen eliminates 
oxidation of the insulation and in- 
creases the thermal conductivity of most 
insulation, since hydrogen has about 
seven times the thermal conductivity 
of air Thus, by filling all small pores 
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SENSATIIHJll WAB BAACAIMS 

^ LENSES i PRISMS 

All Items Finely Ground and Polished but Edges Slightly Chipped or Other Slight Imperfections 
which We Guorontee Will Not Interfere with their Use All Lenses neatly packed and marked for 

Diameter and Focal Length 


ODB POUGY 
on WAB SUHPLUSES 


1 W« «r« coopwrwting tw movw turplutM whiU th« war ii on 

2 Our cuMtomori racatva full booafita of all Mvinwa alfactad throutb our 
purchaaaa of war auppllaa Wa do nof hold marcnandisa for high praaont 
or fucura pricat 

J Wo art making a apacial atfort to bring our itama to tfaa attantion of all 
Schoola, Collagaa, Amataura 



WAR SURPLUS ACHROMATIC LENSES 


Stock No 

Diamafar 
in MMs 

Focal Length 
in MMs 

Comments 

Price 

6016-S 

12 

80 

Uncemented 

30# 

6017-$ 

12 

80 

Cemented 

50# 

6018-$ 

15 

41 

Uncemented 

40# 

6019-S 

15 

41 

Cemented 

60# 

6020-S 

18 

49 

Uncemented 

50# 

6021 -S 

18 

49 

Cemented 

60# 

6022-5 

25 

95 

Uncemented 

50# 

6023-S 

25 

95 

Cemented 

75# 

6033-S 

37 

51 

Uncemented 

70# 

6074-5 

37 

130 

Uncemented 

70# 

FREE Cement and Directions included with all uncemented 

SeU 


USES — Uae these lanaes for making proiecling lanact, low 

I power microscope objectives, corrected magninars, substitute en 
argmg lenses, eyepiece lenses, macrophotography, gadgets, optical 
instruments, etc , etc , etc 

RIFLESCOPE LENS SET #2000<S $11 00 Postpaid 

9 achromats matched by manufacturer Cemented, ready for con 
struction of fine 3 Va power 'scope which would retail up to #50 00 
A rare opportumty! Full instructiona included 

Stock #6002-S Educational Sat for Individuals consisting 
of 1 Porro Binocular Pnsm Blank and I finished Porro Pnsm 
(3fd grade) — Price 25^ Postpaid 

REDUCING LENS SET #1004.S $120 Postpaid 

Contaiaa a 2*/^" diameter and 1%" diameter reducing lens of 
dMferent powers 

LENS SET 120-S 'The Experimenter's Dreom" 60 lenses 
With SO-page illustroted booklet "FUN WITH CHIPPED 
EDGE LENSES" -- $10 00 Postpoid 

Tho variety of Ismsea in this set will enable you to conduct countless 
ecperimenta and build many optical gadgeta 

50.PAGE ILLUSTRATED IDEA BOOKLET $1 00 Postpoid 

Deacriboa wkfo variaty of uaaa for our lanaaa and contains much 
information aapoaally daaignod for beginnara in optics 

MINIMUM ORDER $1 00 • 


TANK PRISMS 

In order that the tank driver ehall not get shot in the face, two 
of these Silvered Prisms are used to make a periscope (without 
magnification). We have secured a number of these that are 
very slighdy chipped, making possible their sale at a very low 
price. They are 90-45-45 degree prisms of huge size — 5^4" 
long, 214" wide, finely ground and polished 


You can usa thasa Pnsma to maka Pariscopas to saa ovor lha 
haads of crowds, fish undar watar, high or low gaupaa, inapac> 
lion of machinary without climbing, for axamination of hot 
matalt without dangar to aya or camara, ate Also axcallant for 
•xparimanta, claaa>room damonstrationa at high schools, col- 
lages, camara clubs, astronomy clubs Soma of our inganious 
customers have used thasa Prisms to maka camera stereo 
attachment, photometer cu^e., range hnder, etc 

Normally thtse Prisms would retail from about #24 to #30 
each 

Stock #3004-S SILVERED TANK PRISM — Pnea #2 00 
each Postpaid Free Booklet on Prisms tncl 

Stock #3005 S PLAIN TANK PRISM — Price #2 00 each 
Postpaid This one is excellent for projecting all the colors of 
the spectrum — a beautiful sight Free Booklet on Pnsms incl 
FOUR TANK PRISMS Special #7 00 Postpaid This 
IS the most sensational bargain wa have ever been able to offer 


WAR BARGAINS IN LENSES USED IN NAVY'S 
7 POWER BINOCULARS 

KELINHR EYEPIFCB LENSES with F L of 27 5 mms Comas 
uncemented with free cement and easy directions Edged Field 
Lens has diameter of 26 mms and edged Eye Aenromat a 
diameter of 17 mms These are excellent for all sorta of 
telescopes 

Stock #6061 S — Uncementad but Edged — #1 25 Postpaid 
ACHROMATIC OBJECTIVE LENSES with FL of 193 
mms Have wider diameter than those used in Army’s 7 power 
binocular Excellent for telascopea Diameter of edged lenses 
are about 52 mms 

Stock #6064 S •— Edged and Uncemented — - Price #1 75 
COMPLETE SET OF LENSES AS ABOVE AND THE 
PRISMS TO MAKE A MONOCULAR (TELESCOPE) 
Stock #5100 S Monocular Sat #5 00 Postpaid 

LOW POWER MICROSCOPE LENS SET — (May also ha 
used to make Telescope Eye Piece) Perfect Lenses, one with 
diamaiar of 9 ipms , F L of 20 mms , and ana with dtamatar 
of 14 mms and F L of 39 mma 

Stock #1003 S Pnea 70y — includes free copy of our 
Microscope Booklet 

PORRO ABBE PRISMS--Slock #3006 $ 25< each Postpoid 

Size 9 nun x 17 nun another war bargain* Normal pricoa 

would be 20 to 40 timea above quotation At this axcapttoaallv 
low pnea, you should purchase a few of thaaa, avon though 
you hava no tmmadiata need for thorn Such a bargain will not 
be available long 

SATISFACTION GUARANTEED 


EDMUND SALYAGE COMPANY 


27 W. CLINTON AVENUE 


DEPT. 7, P. O. AUDUBON, N. J. 
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in insulating materials with hydrogen, 
the conductivity of these insulating 
materials is increased 

It might be thought that the surface 
heat transfer rate would also be in- 
creased by seven times, but this is not 
the case smce the heat transfer also 
depends on the viscosity of the gas 
Because of this, the heat transfer 
secured by the use of hydrogen is, in 
many cases, only 25 percent greater 
than that obtained by air A mixture 
of air and hydrogen is, of course, highly 
explosive, and so several years of re- 
search and development weie required 
to perfect a means for making ma- 
chines gas-tight and developing control 
dev ices to insure that an explosive mix- 
tine will never be present in the 
machine 

RADIATION- Heat IS radiated by elec- 
tromagnetic radiation Its wavelength 
IS frequently measured in microns A 
micron is one millionth of a meter or 
39 37 millionths of an inch The eye 
is sensitive to wavelengths from about 
38 to 76 microns Radiation in this 
range is called light although it also 
transfers heat All ordinary objects 
constantly emit and receive radiant 
eneigy The amount of energy radiated 
from a given object is proportional to 
the fourth powci of its absolute tem- 
perature As the temperature of an ob- 
ject increases, the intensity of all wave- 
lengths increases but shorter wave- 
lengths increase more than the longer 
wavelengths Thus the average wave- 
length becomes shorter as the emitting 
object becomes hotter At body tem- 
peiature the maximum intensity of 
radiation occurs at about 10 microns At 
500 degrees. Centigrade, the maximum 
intensity is at 3 74 microns and the 
shorter wavelengths have increased so 
that an object commences to be visible 
in a dark room 

A typical 100-watt tungsten lamp fila- 
ment operating at 2470 degrees, Centi- 
grade, has the maximum intensity of 
radiation at 1 05 microns, which is out- 
side the visible lange Thus the tung- 
sten lamp is not the most efficient means 
of transforming energy into light If 
the filament could be operated at a 
higher temperature a larger fraction of 
the energy would be transformed into 
light But higher temperatures lesult 
in too short life of the lamp 

The maximum intensity of sunlight 
IS in the middle of the visible spectrum 
at about the maximum sensitivity of 
the eye About one half of the radiant 
energy of the sun is in the visible 
range Most of the remaining energy 
is in the infra-red, +hat is, wavelengths 
longer than the visible 

The transmission of infra-rcd radia- 
tion IS similar to chat of visible light, 
except that materials which transmit 
one wavelength do not necessarily 
transmit another wavelength and, like- 
wise, materials which reflect one wave- 
length do not necessarily reflect another 
wavelength Copper may be cited as 
an example It is not a good reflector 
of light but IS usually used as a re- 
flector Ui radiant heaters because among 
common materials it is one of the best 
reflectors of wave’engths longer than 
one micron 


A material which is a good reflector 
for d given wavelength is necessarily 
a poor emitter of that same wavelength 
That IS, a material which would reflect 
a wavelength of two microns, if heated, 
would not be able to cool itself by giv- 
ing off heat having a wavelength of 
two microns The variation of reflec- 
tivity with wavelength provides a scien- 
tific explanation for the desirability of 
white clothing in the sunlight in hot 
weather Ordinary white surfaces are 
good diffuse reflectors of visible light, 
usually reflecting over 75 percent of the 
solar energy However, most white 
surfaces are poor reflectors — that is, 
good emitters — of wavelengths around 
10 microns which predominate at body 
temperature 

A person, therefore, receives much 
less heat from the sun when he is wear- 



Stotor of a 25 000 kilowatt Wosttng- 
houso hydroqen-coolod turbine 
generator, its flnned tube coolers 
visible near the top of the housing 


mg white clothing than when wearing 
black clothing However, we must bo 
able to dissipate or lose some heat and, 
since our normal body temperature is 
a relatively low one, white clothing is 
equally effective with black clothing 
for radiating these long wavelengths 
If we desire to prevent the emission 
or absorption of longer wavelengths, 
bright, metallic surfaces are our only 
good materials 

Reasonably good thermal insulation 
can be provided by parallel spaced 
sheets of a bright metal such as alumi- 
num This tends to break up movement 
of the air, thus restricting heat trans- 
ferred by convection It also provides 
a senes of reflecting surfaces which 
interfere with the radiation of heat 

Recent developments in glass provide 
interesting possibilities in the construe - 
tion of houses Ordinary window glass 
is transparent to wavelengths from 
about 3 to 4 7 microns and thus it ab- 
sorbs less than 5 percent of the sun’s 
energy In summer when we want 
to air condition our homes, our windows 
admit light but also let in a large 
amount of additional heat radiated from 
the sun 

A glass has been developed which 
h«s reasonably good transmission in the 


visible range but absorbs most of the 
radiation longer than 8 micron Thus 
with a given amount of light only 
about half of the heat is admitted that 
would be admitted if ordinary glass 
were used However, to accomplish 
this requires a double window The 
new glass, m absorbing the longer 
wavelengths, becomes appreciably 
warm, if it were used in the ordinary 
single glass window, a considerable 
portion of this heat of the sun would 
still find its way into the house from 
the warm glass By providing a double 
window and using this heat-absorbing 
glass in the outer pane, and particularly 
if the air space between the two sur- 
faces of glass IS ventilated, very little 
of this heat that is absorbed by the 
glass finds its way into the house In 
this way we can have a maximum of 
visibility with a minimum of heat from 
the sun transmitted into our rooms 

EVAPORATION AND CONDENSATION— 
We are all familiar with the fact that 
our bodies perspire in order that we 
may remain at a reasonable tempeia- 
ture even though the surrounding air 
IS quite hot But man made relatively 
little additional use of this phenomenon 
until the coming of the machine age 
In the steam engine we use hot gases 
to evaporate water in a boiler, form- 
ing steam to operate the engine and 
in more modern engines we also pro- 
vide a condenser which permits the 
engine to abstract more power from the 
steam and also serves to return water 
to the boiler 

Refrigeration for preserving food and 
and air conditioning buildings depends 
on evaporation and condensation For 
example, in air conditioning a building 
we use a liquid such as Freon which 
boils readily at relatively low tempera- 
tures Boiling of the refrigerant re- 
moves heat from the walls of the ves- 
sel Air may then be cooled by being 
blown over the Freon container The 
vapor which has absorbed heat in cool- 
ing the air is then compressed to a 
higher pressure so that it will condense 
at a higher temperature One of the 
major problems in modern air condi- 
tioning is the improvement of this heat 
transfer, first from the air to the boil- 
ing refrigerant, and then from the 
compressed refrigerant vapor to cooling 
water or air, in order to condense the 
refrigerant and return it as a liquid to 
the boiler If this rate of heat trans- 
fer could be greatly improved, the 
difference in pressure between the boil- 
er and condenser could be reduced A 
reduction in the temperature difference 
between a boiling and condensing re- 
frigerant would make possible the same 
amount of cooling with the expenditure 
of much less power, thus giving us more 
economical refrigeration 

In modern machineiy for the factory 
and home the transfer of heat is highly 
important A numbei of industries 
have large research and development 
programs aimed toward improvement 
of the cooling of apparatus Many of 
the discoveries regarding the mechan- 
ism of heat transfer are making im- 
portant forward strides in increasing 
the efficiency of machines and ap- 
paratus. 
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What’s it to you?-PLENTY! 


okay! Maybe the optimists are 
right There’ll be good times after 
the war. 

OKAY’ Maybe the pessimists 
are right. We’ll have another de- 
pression. 

What’s it to you? PLENTY' 
It’s largely in your hands as to 
which we’ll have 

The one way to make it good 
times IS to do your share to help 
keep prices down now! 

That means buying only what 
you really need. It means paying 
off your debts, saving your money. 

And here’s where you’re lucky. 


The same program that helps in- 
sure prosperity is also the best 
possible way to get yourself in 
shape to take another depression 
if one does come So what? You’re 
right both ways — if you save your 
money. You lose both ways—i£ 
you splurge right now. 

Think it over, fella. Then get 
in there and fight. Read — and 
observe — the four rules to head 
off inflation. The war isn’t over 
yet. And the war against infla- 
tion isn’t over yet— by a long 
shot. Remember World War I? 
The cost of hvmg rose twice as 
fast after the war as it did durmg 
the war itself. 


4 THINGS TO DO to keep prices down 
and help avoid another depression 

1 . Buy only what you really nee<l 

2. When you buy, pay no more than 
ceiling ijrices Pay your rition iioints 
in full 

3 Keep your own pru ea down Don’t 
take advantage of war condi! 'ona to 
ask more for your labor, your servicth, 
or the goods you sell 

4 Save Buy and liold all the 
War Bonds you can afford — 
to help pay for the war and 
insure your luture Keep up 
your insurance 


HeLi» 

US 

Kllf 



A United tJtbtcw War messRKr preparcil by the Wrt AdvertfwinR Counril ppproveil bv the Office of War Information and contributed by this ma«aziiM 
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Ill OTREB FIELDS 


Conducted by The Staff 


Multi-Room Air Conditioning 


Temperainre and Hnnidily Conlroi ia Larga Baildiags with Many Small 
Booau Has Been The Great Preblem ia Air Coadilioaiag. New a System Has 
Beea Developed Based oa High Prossare Flew oi Ceaditioaed Air Throagh 
Small Pipes. Eliaiiaaliag the Space-Ceasaaiiag Air Dads of Earlier Methods 

By JEROME CAMPBELL 


Specialists in air conditioning have 
w long been preoccupied with the 
difficult problem of cooling and heatmg 
the air, as the seasons require, in large 
buildings divided into many small 
rooms, and at the same time providing 
the desired degree of humidity Now 
an air conditioning system has been 
developed for the specific purpose of 
controlling individually the “climate*' 
inside each unit of multi-roomed struc- 
tures Said to be more economical and 
space-saving than any system before 
used, the new method has been success- 
fully test- opera ted for some time It 



A cross section of the Weathermoster 
room conditioning unit, showing the 
detcdls of its design and functioning 

IS a product of the Carrier Corpora- 
tion and has been named the Conduit 
Weathermaster System 
One superiority of the new system 
over older ways of conditiomng the air 
in the many small rooms of hotels, hos- 
pitals, office buildings, and apartment 
houses lies m the fact that its pipes and 
conditioning units take up far less 
space. It also eliminates return air ducts 
completely and reduces the air supply 
ducts to conduits no larger than a 
plumber’s waste pipe In addition, the 
new system allows each room to l/'^ 
heated or cooled according to the de- 


sire of Its occupant, although all the 
rooms receive their conditioned air from 
a central apparatus 

MAN-MADE WEATHER — EssenUally a 
contemporary development, air condi- 
tioning has emerged only in the last 
30 years as an important factor con- 
tributing to human comfort and the 
more economical output of manufac- 
tured articles. In industry it foimd its 
first useful applications There it 
showed that more uniform, and hence 
better, products could be turned out 
if the temperature and moisture content 
of the air in factories were controlled 

Later, air conditioning was applied to 
theaters, department stores, and other 
buildings having large open areas 
Americans soon learned to turn to the 
big movies houses as oases of coolness 
m the sweltering days of July and 
August 

Little progress was made, however, 
at that time in woiking out a prac- 
ticable system of air conditioning for 
structures having a great number of 
small rooms The reason was the un- 
wieldiness of existing air conditioning 


systems The installations employed 
huge air washers designed to handle 
vast quantities of air They required 
giant fans and a system of space-con- 
suming air supply and return ducts 
In many cases, these huge ducts were 
large enough for a person easily to 
crawl through them 

Such systems could not be used with- 
out great difficulty and expense in 
heating and cooling the air in buildings 
of the multi-cellular type The small 
divisions in hotels, office buildings and 
apartment houses, hospitals and schools, 
could not economically be fitted with a 
complex network of heavy, ugly, space - 
consuming sheet metal ducts 

CONTROUING INTERIOR CUMATE— To 
obviate these weaknesses of the older 
systems of air conditiomng, the Carrier 
Corporation conducted intensive re- 
search on this one phase Now, after ex- 
tended practical tests, the new system is 
ready for wide-scale use Its essential 
characteristics are as follows 

1 It provides a central air condition- 
ing apparatus about one third the size 
required by other systems 

2 The air, which is heated and 
humidified, or cooled and dehumidified, 
m the central apparatus, is exclusively 
outside or fresh air It amounts to 20 
percent, more or less, of the total air re- 
quired for proper circulation in the con- 
ditioned rooms 

3 Small high-pressure fans discharge 
this conditioned air at static pressures 



!r- 





II Jr 
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How tho new Carrier syitem functioni when installed in a hotel room 
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and velocities much higher than here- 
tofore considered practical Air veloci- 
ties as high as 4000 feet per minute are 
usually employed or about times 
the duct velocity allowable in conven- 
tional systems 

4 Because of the small volume of 
conditioned fresh air and the high 
velocities employed, the new system is 
able to use air conduits instead of 



A typical group of risen in the new 
system, showing air and water piping 


ducts The areas of these conduits 
are about one half of those em- 
ployed in conventional duct systems 
Replacing riser ducts, the conduits are, 
for the aveiage installation, about 6^/^ 
inches m diameter for the largest size 
and are reduced m diameter for most 
part to about four inches 

5 Each room is equipped with a unit 
which replaces the conventional radia- 
tor, but which serves the room through- 
out the year — not merely in winter The 
high velocity air enters this umt and 
is discharged through a series of small 
nozzles so designed that, despite air 
velocities of 4000 feet a minute, no 
noticeable noise results The discharge 
of this primary air through the unit 
induces secondary air from the room to 
enter the unit in volume about four 
times as great as the conditioned fresh 
air The induced air mixes with the 
fresh air and the mixture of 20 per- 
cent conditioned outside air and 80 
percent induced room air leaves the 
unit at a relatively small velocity but 
in sufficient volume to provide gentle 
but adequate air movement throughout 
the room The volume circulated is al- 
ways constant This is a great ad- 
vantage 

6 Each room unit is provided with a 
supplementary conditioning device for 
heating or cooling the air as may be 
desired In fact, the greater part of air 
treatment, whether heating or cooling, 
may take place m the room This is 
controlled by a valve which automati- 
cally regulates the admission of heat- 
ing or cooling fluids to the unit Hence, 
an occupant may set the valve to get 
exactly the room temperature wanted 
For example, one room may have its 
unit produce a temperature of 80 de- 
grees while an adjacent room may 


have 70 degrees, to suit a particular oc- 
cupant The control is equally effective 
wmter and summer and may be regu- 
lated so that it will give a desired low 
temperature at mght, and a temperature 
of, say, 10 degrees higher during the 
day 

7 No recirculated air is employed at 
dll This completely eliminates return 
ducts Thus, since only fresh an is 
sent from the central conditioner, there 
IS no danger of contamination as may 
occur where the air from one room is 
returned to another This is obviously 
of importance in hospital air condi- 
tioning 

Since the small fresh-air conduits and 
water lines may readily be housed in 
neat base-board enclosures and in small 
shafts such as are used for plumbing 


and other building services, the sys- 
tem may be mstalled without marring 
the interior effect of a room The room 
umts are pleasing in appearance, can 
harmonize with any decoration scheme, 
or may be concealed without jeopardiz- 
ing their efficiency in any way 
From the housekeeping standpoint 
the system asvsures freedom from odois 
because no air is recirculated and no 
condensation takes place in the umts 
An effective filtering system substan- 
tially eliminates all dust 

EASILY INSTALLED— One of the out- 
standing practical features of the new 
Cariier system is tlie ease with which 
it can be installed in existing buildmgs 
The cutting and patching necessary is 
relatively small This is another ad- 



BSi£ "HARD COATING" 
means a sharper image 
. . . . a brighter image 


Through “hard coating” treatment of 
binocular lenses and prisms, Bausch 
& Lomb has achieved a reduc- 
tion of light loss due to surface re- 
flections Thus, the handicaps of poor 
light conditions are minimized— 
brighter, more clearly defined images 
are assured 

This important increase in light 
transmission is a definite advantage 
to our keen-eyed observers upon 
whose accuracy of observation so 
much depends At dusk, in fog — 
under all adverse lighting conditions 
—this extra brilliance and extra defi- 
nition may mean the difference be- 
tween sight of an enemy plane or ship 
and a blank wall 


The optical system of every Bausch 
& Lomb Binocular — and many other 
B&L military instruments — receives 
this permanent coating treatment To 
you, who plan on purchasing new 
binoculars after the war, this spec- 
tacular gain in light transmission 
represents another reason why Bausch 
& Lomb will be your choice 

BAUSCH & LOMB 

OPTICAL CO, ROCHES! FR 2, N. Y. 
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vantage of its elimination of return 
ducts and the use of air supply con- 
duits with diameters of six inches or 
less These features of the new system 
were purposely designed so as to be 
small enough to be installed in existing 
building pilasters 

Another attribute of the new sys- 
tem IS the fact that its installation in 
new or already existing buildings may 
enable the owners to add considerable 
rental space In buildings completely 
air-conditioned by the Weathermaster 
System, this gain has been estimated 
to be as much as one additional room 
for each ten rooms housed in a 
given space In terms of a hotel or of- 
fice building of 1000 rooms, this could 
mean 100 additional full-sized rooms in 
the same space 

All in all, the new air conditioning 
system holds out a great promise for 
more comfortable and healthful living 
m the future for millions of Americans 
In the post-war years it may make 
inexpensive and efficient air condition- 
ing as widespread m multi-room build- 
ings as electric light and steam heat 
are today 


^ ^ ft 


ALUMINUM STRETCHING 

Now Used fo Harden and 

Form in One Operation 

T HE old-fashioned taffy pull now has 
an industrial counterpait at Ford’s Wil- 
low Run bomber plant where millions 
of feet of aluminum material are being 
stretched and formed by unusual ma- 
chines into structural parts for the B- 
24 bomber 

As you watch one of these stretching 
machines in operation, a 28-foot nb- 
like stringer actually grows more than 
a foot The stretching of the alummum 


IS necessary to straighten, strain-harden, 
strengthen, and form parts that cannot 
be shaped efficiently by any other 
process 

It has been found that the physical 
properties of aluminum are such that 
many bomber parts could not be formed 
efficiently by re-strike dies in presses, 
the “spring-back” of the material in- 
dicating that it must be drawn or form- 
stretched under pressure into the de- 
sired shape 

In order to provide means wheieby 
parts could be formed adequately on a 
production basis. Ford tool design men 
combined the haidening and forming 
operations into one process called 
stretch -forming, using a stretcher die 
(similar to a press die) in a hydraulic 
stretching machine 

Stock IS rolled in annealed condition 
or in heat-treated condition, pre- 
formed, and then sent to be heat- 
treated After heat- treatment, this pre- 
formed channel, extrusion, or Y-sec- 
tion is gripped by specially fitted jaws, 
and stretched by hydraulic pressure 
over or around the stretcher ie 

The explanation for the remarkable 
strengthening effects of this stretching 
process seems to be that each circulai 
molecular body in the aluminum is 
drawn out into an egg-shaped ellipti- 
cal particle, making the metal hard and 
strong The stretch -foiming process 
results in better parts and is easier to 
handle than re-striking Fuithermore, 
stretcher dies cost only 50 or bO peicent 
as much to build 

A 75-ton hydraulic pressuie stretcher, 
believed to the most powerful stretch- 
ing machine in the aircraft industry, is 
used at Willow Run to stretch the 
heavy-gage stringers used in the cen- 
ter wing section of the B-24 bomber 
The stretching machine is made of 
three tubular tie rods about 35 feet 
long with cast iron supports at each 
end The hydraulic unit is attached to 
the jaw at one end, and develops a 
pressure of 75 tons The jaw at the other 
end IS attached to a movable tail stop 
which can be set at various locations 


along the tie rods by clamping an m- 
terlocking washer mto notches m the 
tie rods ’The jaws are air operated. 
It IS estimated that the machine will 
stretch 20,000 linear feet of the heavy 
stringer sections in nine hours 

COLOR DYNAMICS 

Scientific Utilization of the 

Energy of Color 

According to recent studies on the sub- 
ject of color dynamics, it is a simple 
matter to achieve three important in- 
dustrial objectives reduced absentee- 
ism, improved efficiency, and highei 
worker morale 

Generally speaking, color dynamics 
is based on principles directly opposed 
to camouflage practices To camouflage 
an object, color is used to hide and ob- 
scure, in coloi dynamics, as developed 
by the Pittsburgh Plate Glass Company, 
color IS used to highlight, reveal, and 
emphasize 

There are three major parts to the 
industrial application of the prmciples 
of color dynamics— correct paint treat- 
ment of focal working areas, of walls 
and ceilings, and of floors and aisles 
By applying the science of color dyna- 
mics to each of these, absenteeism is 
reduced, fewer injuries result, better 
morale and a higher level of quality 
are maintained 

STEAM GENERATION 

Corns Economy Through 

Automatic Combustion Control 

Thi fundamental theories behind auto- 
matic combustion control for steam 
power genciation in industry were re- 
cently put forth by M J Boho, of the 
Hagan Corpoiation 

According to Mr Boho, “the modem 
boiler plant contains many diffeient 
pieces of machinery, some necessary 
and otheih desnable in varying degrees 
An engineer need not look too far back 
into the past to remember when a boiler 
plant consisted only of a feed pump, 
chimney, boiler, and a scoop shovel 
These plants delivered the goods and, 
on this basis, it might be argued that 
all other equipment was unnecessary 
Boiler plants are quite different today, 
however, and much of the equipment in 
general use, other than the bare essen- 
tials, now comes under the heading of 
necessities Automatic combustion con- 
trol is one of these 

“There probably is no engineering 
problem that has received more inten- 
sive study ovei the past several decades 
than that of reducing the cost of steam 
The result of all this study has been the 
development of many different types of 
equipment Some have achieved tempo- 
rary popularity, only to be displaced 
by others as the art further developed 
The fact that boiler combustion control 
has steadily gained in populanty is evi- 
dence of the fact that it has made a 
real contribution to economy of steam 
production 

“Where previously a combustion con- 
trol system would have been classed 
as a luxury, today scarcely a single 
boiler of any consequence is installed 
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without a complete complement of com- 
bustion controls,” continued Mr Boho 
To understand why, it is necessary only 
to consider the operating problems in- 
volved In order to generate the maxi- 
mum quantity of steam from a given 
quantity of fuel the ingredients enter- 
ing into the combustion process must 
bear the proper relation to each other 
In order that the steam produced have 
maximum value it must be supplied to 
turbine or process at uniform tempera- 
ture and pressure This requires that 
fuel and air be supplied the boiler 
furnace in proportion to the demand for 
steam 

“To obtain these results,” Mr Boho 
concluded, “a number of related vari- 
ables must be maintained continuously 
at their proper relative values, and this 
becomes a difficult task if an operator 
has to take care of more than one steam 
generating unit In order to change the 
steaming rate on a boiler, it is necessary 
to alter the draft at the boiler exit 
This involves the adjustment of induced 
draft fan speed or damper, or a combi- 
nation of both, also, to alter the forced 
draft which involves a change in dam- 
per position, fan speed or both, and, 
finally, to alter the fuel feed so ^at it 
bears the proper relation to air flow ” 

BROADER EDUCATION 

Not Hindered by 

War-Time Technology 

T HE American public is being unduly 
alarmed by liberal arts spokesmen who 
cry out against the possible ill-effects 
of war-time emphasis on technical 
training, declares Dr Edwin Sharp 
Burdell, director of Cooper Union 

These alarmists warn that an undue 
burden of technical studios will ex- 
clude after the war the studies of man 
and human experience says Di Bur- 
dell, who points out that studies spon- 
soied by the Society for the Promotion 
of Engineering Education show that 
there exists in the nation’s engineering 
schools ‘Tboth a philosophy of engineer- 
ing education and a plan for achieving 
practical objectives ” 

“It should be reassuring to the unin- 
formed,” Dr Burdell explains, “to learn 
that engineering educators have set up 
two coordinate ‘stems’ of educational 
growth extending through the engineer- 
ing curriculum the scientific- tech- 
nological and the humanistic-social 
stems — with the aim of developing in- 
formed, thinking citizens as well as 
efficient engineers The veiy existence 
of these two ‘stems’ in the curriculum 
requires the closest possible integration 
m the academic development of the 
student ” 

There is current in learned circles 
today a specious notion that truth is to 
be sought and found only through and 
by the scientific method, commonly 
associated with the natural sciences, ac- 
cording to Dr Burdell 

“This method of quantification and 
measurement when applied to inert or 
even living matter has yielded amaz- 
ing results,” he continues “The scien- 
tist appears to have found the keys that 
unlock the secrets of nature But that is 
not to say that he has necessarily found 



New Internal Gage Avoids Over 
Cutting . . . Saves Wasted Man Hours 

At last a gage that takes the guess work out of 
checking internal diameters either machine 
bored, or close ground and lapped It is called 
the Keene Internal Gage and is the first accurate 
method for fast correct checking of internal 
splines and gears on both minimum and root 
cfiameters The gage is ideal for machining and 
inspection work, and proves its value in in- 
creased production It can be used with either a 
master, or micrometers 

This time saving development is constructed 
of aluminum, is six inches long and weighs only 
five ounces Available in models designed to read 
in thousandths ( 001 ) or in tenths ( 0001) 

Whun your gage has been checked the thou- 
sandths left to bore, the actual job of machining 
may become tedious It is then when Wrigley s 
Spearmint Gum helps keep you alert and watch- 
ful Chewing gum seems to assist you over the 
dull spots in the day’s work And Wrigley’s 
Spearmint will aid you in your peacetime job by 
helping to keep you wide awake and efficient 
during that part of your work that may seem 
unimportant, but which actually means perfec- 
tion to the completed product 


You can get complete wfotmatton from Keem Llectr/cal 
Machinery Co ,5 iJ U'' Washington Blvd Chna^o 6 lllinon 



Determining correct setting for gage 



Closeup of dial showing simplicity 
and fast visibility 
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the keys that unlock the secrets of 
human nature or that he ever will 
achieve in the field of human values 
the sharp, clear-cut findings of mathe- 
matical physics The storehouse of 
human knowledge and experience to 
be found m the great writings of history, 
literature, and philosophy will not be 
unlocked by chemical analysis, x-rays, 
or the calculus 

“The difficulty seems to have been 
that instruction and discussion in the 
realm of human and spiritual values has 
been largely confined to the level of 
higher education and to the so-called 
liberal arts field 

“There can be no greater crime 
against American education than the 
continuance of this isolation of the 
humanities from the great mass of our 
youth unless they enroll in a liberal 


arts college The humanities and their 
‘scientific’ counterparts, the social 
silences, should be brought into the 
curricula of the high school, vocational 
school, junior college, technical insti- 
tute, and engineering school 

“However, the mere exposure of stu- 
dents to the hundred great books is not 
sufficient The purpose of introducing 
these subjects must be understood and 
endorsed by faculties and students 
Some leaders in the field of engineei ing 
education have gone pn record as say- 
ing that as much as one fifth to one 
fourth of the engineering curricula 
should be devoted to the socio-human - 
istic stem 

“If these clear-thmkirvg, broad- 
minded executives, in close touch with 
the needs of industry, can see the 
value of this branch of learning in co- 
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ordination with science and technology, 
then other educators should be prepared 
to add it to other fields of vocational 
training Thus there may be opened 
for the mechanic, tradesman, and 
housewife, in their youth, those long 
vistas of beauty and wisdom which are 
to be found in the humanistic-social 
studies ” 

SPECIALIZED HAULING 

Accomplished by Unusual 

Types of Trucks 

Giant 30- to 50- ton super trucks have 
been developed by the automotive m- 
dustry for specialized operations on the 
home front 

Weighing, when fully loaded, from 
two to three times as much as a General 
Sherman tank, these huge vehicles are 
taking an important part in the na- 
tion’s war production program by trans- 
porting basic raw materials from open- 
pit metallic mines to refining plants, 
steamship docks, and railroad freight 
terminals The trucks cover from three 
to 160 miles daily 

During 1943, for example, the trucks 
were credited with transporting an esti- 
mated 60 percent of all the nickel ore 
produced in the United States 

Among other umque war-time motor 
truck developments to date is a fleet of 
73-foot tractor-trailer combinations de- 
signed especially to transport aircraft 
sub -assemblies between two war plants 
1300 miles apart Similarly, large truck- 
trailer umts arc being used to haul 
deck houses for Navy sub-chasers from 
fabricating plant to ship -building yard 
Over-sized trailers which carry pre- 
fabricated house sections from factory 
to workers' housing areas in busy war 
centers, and mobile clothing stores 
which serve war-worker residents of 
rural conununities are additional adap- 
tions 

The ore-mining trucks are powered 
by Diesel engines and are built to carry 
loads which equal their weight Many 
of them have been on continuous op- 
eration for more than 20,000 hours and 
have hauled millions of tons of raw 
ore 

In 1943, similar special motor trucks 
built for coal field operations were re- 
ported to have hauled more than 300 
million tons of covering earth and coal 
from open-pit mines Fuel-production 


goals for 1944 indicate that mine-opera- 
tion trucks will establish a new record 
by transporting a total of over 400 
million tons of coal 

Under actual operating conditions, a 
single 30-ton truck is able to transport 
3000 tons of ore or coal on a short-haul 
basis every 24 hours, a volume equal 
to that earned m 60 average railroad 
gondola cars At one coal mme, for ex- 
ample, records show that six of the 
largest type motor trucks consistently 
transport 9000 tons of coal m a seven- 
hour day over a three-mile route, a 
haul equal to that earned m 180 aver- 
age rail car loads — Automotive War 
Production 

DIAMETER MEASUREMENTS 

Made by Imbedding 

Fine Wires in Plastics 

A NEW method is now being used for 
measuring to a millionth of an inch the 
diameters of fine wires used m suspend- 
ing galvanometer mirrors The mirrors 
are attached to a small coil which ro- 
tates in response to minute currents 
flowing through a larger fixed coil 
around it The suspension wire i*; 
twisted, and its diameter must be main- 
tained with great accuracy if the instru- 
ment is to operate with the desired 
preciaion Measurements made to a ten- 
thousandth of an inch with a good 
micrometer are not accurate enough 

Developed by E D Reilly, of the 
General Electric Works laboratory, the 
new method consists in moldmg, under 
heat and pressure, a plastics block with 
a series of V-shaped grooves in its 
upper surface By limiting the amount 
of heat, the block is only partly 
‘'cured,” otherwise the additional plas- 
tics which IS later applied to it would 
not stick Short pieces of the wires are 
placed m the grooves Then the block 
IS returned to the moldmg press, a very 
fine molding powder is poured over the 
wires, and a somewhat coarser powder 
is put on top Again pressure and heat 
are applied, until the whole block is 
hard 

The fine powder works around the 
wires and grips them firmly, so that the 
block can be sawed across the wires 
without distorting them If they were 
sawed or cut without being imbedded in 
the plastics they would be badly 
mashed 


The face of the block, which exposes 
the cross-section of the wire, is then 
carefully polished and examined under 
a microscope with a micrometer eye- 
piece In this two threads are visible, 
and by moving them until they seem to 
touch diametrically opposite parts of the 
cross section of the wire, the diameter 
IS determined with a precision as great 
as a millionth of an mch 

ACID RESISTANCE 

Offered by New Glass 

Made Without Sand 

In addition to corrodmg most metals 
and causing dangerous burns, hydro- 
flouric acid disintegrates ordinary glass 
Now a new kind of glass, which resists 
the corrosive effect of hydrofluoric acid 
has been developed by the American 
Optical Company according to its re- 
search director, Dr E D Tillyer 

The new glass, says Dr Tillyer, was 
especially made to aid in the war effort 
and IS ^e first known glass to offer 
major resistance to the vicious attack 
of hydrofluoric acid It was developed 
by Dr Alexis G Pincus, member of 
the concern's research laboratory 

The discovery, accordmg to Dr Pin- 
cus, is expected to simplify the han- 
dling of the important acid which now 
is extensively used in scientific experi- 
mentation, as well as in such industrial 
operations as pickling metals, etching 
glass, processing textiles, manufacturing 
fluondes and ceramics, and as a catalyst 
in oil refining and synthetic rubber 
manufacture 

“Previously,” he explains, “the use 
of hydrofluoric acid presented difficul- 
ties because it could be shipped only 
in lead or wax containers while in the 
laboratory it had to be processed in 
platinum or gold retorts which pre- 
vented visual observance of chemical 
reactions ” 

In a test made to demonstrate the 
acid-resisting property of the new glass 
which resembles ordinary glass, a piece 



In less than two hours, hydrofluoric 
add hoB eaten through ordinary 
glass tube (right), but the tube of re 
sistant glass (left) remains unaffected 

was immersed in a bath of hydrofluoric 
acid for 500 hours At the end of that 
time the glass was substantially trans- 
parent and to the naked eye showed 
no obvious attack 

“At the same time,” Dr Pmeus says, 
“a piece of ordmary glass made of sand, 
lime, and soda was immersed m the 
acid and in a few hours was converted 
into a chalky mass Even the tough and 
seemingly mdestructible glass used in 
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the manufacture of laboratory and kit- 
chen ware waa rapidly attacked*’ 
The new glass does not contam sand, 
unlike practically all commercial glass 
— a phenomenon akin to making steel 
without iron ore as the base To obtain 
the hydrofluoric acid-resisting property, 
it was necessary to eliminate sand as a 
major mgredient because the acid in- 
stantaneously attacks sand, producing a 
dismtegrating eflect 
Major ingredient of the new glass is 
phosphorus pentoxide which by itself 



One of the lenioa in this worker's 
hood is of ordinary glaBS. the other 
is resit tant to hydrofluoric acid Note 
how acid hot etched lent on left 

instantly reacts with water with almost 
explosive violence However, despite 
this remarkable affimty, the new glass 
IS less soluble in water than ordinary 
glass, indicating the profound chemical 
change that takes place when the glass 
IS made 

Since its melting and working proper- 
ties are about the same as those of 
ordinary glass, it can be manufactured 
m a regular glass factory and be cast 
or drawn into sheets, or blown into 
bottles and other shapes It can also 
be ground and polished, tempered, and 
subjected to other processes involved 
in glass technology without requiring 
special equipment or techmque 
Potential uses of the new glass are 
in the fabrication of test tubes, beakers, 
bottles, evaporating dishes, and other 
contamers, window panes for labora- 
tories and factories where acids are 
employed, lenses for safety goggles and 
helmets, and glass gages to observe and 
check the action of acids in metal cylin- 
ders and reaction vessels 

TINNED WIRE 

Now Produced by 
Electro-Tinning Process 

High-spfed electro- tinning of copper 
wire, which requires only half as much 
scarce tin as do older methods, has 
been developed to a point where it is 
commercially practical 
Electrical wire ranging in sizes from 
those about as fine as a human hair 
on up to heavy gages can be coated in 
the new apparatus Wire only five one- 
thousandths of an inch thick can be 
given its tin coat at the rate of 800 


feet per minute, without breakage, and 
heavier strands may be put through at 
even higher speeds 

The wire-plating machine was de- 
signed and constructed by the National- 
Standard Company to utilize the Du 
Pont Halogen tin plating solution, 
which already has been extensively 
employed in ^he electroplating of strip 
steel for food cans In the latter appli- 
cation the process has saved important 
tonnages of tin by replacing the hot- 
dip method 

Copper wire which is to be insulated 
with natural or synthetic rubber — and 
miles of it are used in the electrical 
industry — must be coated with tin for 
protection and other reasons before 
application of the insulation Heretofore, 
when tin has been used for this purpose 
it has been applied in the molten form, 


in the so-called hot-dip process This 
method picks up more tin ^an is neces- 
sary and the heat forms a copper-tm al- 
loy on the wire, which increases its 
electrical resistivity and reduces its 
elongation properties 
The electrolytic process deposits the 
tin without producing an alloy and 
therefore does not affect the resisrfavity 
or elongation Unlike the hot molten 
bath which must be periodically puri- 
fied, at the expense of time and tin, the 
electrolytic bath does not become con- 
taminated with copper 
The plating apparatus is ingeniously 
arranged so that there is a mimmum of 
tension and drag on the wire In fact, 
the wire zips in and out of as many as 
seven baths of cleaning and plating 
solutions without touching the rim of 
any of the tubs It emerges from the 


Dividing the 
Dough . . . 



checking Mi- 
iMual eut$ from a dough 
divider in the Tavtfee 
Bread Company plant 
Cciumhue, Ohio 


Dividing the dough That la exactly what ia being done above in a large 
bakery where mother’e breed muat by sheer demand be turned out by 
machinery Here ia a divider that chopa off piecea of dough at remarkable 
•peed and with cooaiderable accuracy for unbaked bread But even dividers 
are not perfect and individual dough cuta are carefully checked. When dough 
cuta run heavy (over the required weight of the loaf before bake out) 
divider! are edjuated The change may be but Ve ox., not important in one 
loaf, but mighty unprofitable when 10,000 loa vea are involved Thia ia but 
another example of the uae of EXACT WEIGHT Scalea, the leadera in 
prodetermined weighing in American Induatry Production engineera in 
any induatry are invited to write ua about their particular problema 

THE EXACT WEIGHT SCALE COMPANY 
Otpt. ki. 1104 Bay St., Toronto, Canada OS Wait Fifth Avo., Colombat 0, Ohio 
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baths with its smooth new coat of tin 
untouched by any metal or other solid 
material and therefore unscratched* 
This “dainty dip” is achieved by 
keeping the baths “heaping fuir* and 
running over — re- circulation saves the 
fluid They are so placed that the wire 
passes through the heaped-up part, the 
so-called mverted meniscus, just miss- 
ing the nm of the vessels in each case 
Instead of having a wiping mechanism 
to remove excess fluid between the 
baths, this is done by compressed air 
blasts These arrangements not only 
subject the wires to a minimum of han- 
dling but facilitate stringing them up 
for the start of a plating run They are 
simply laid over the top of the baths, 
and attached to let-off and take-up 
spools at the two ends of the apparatus 

AMMONIA 

Important in War, Faces 
Increased Post-War Demands 

Huge post-war expansion in the con- 
sumption of ammonia is predicted in 
Chemical and Engineering New^ a pub- 
lication of the American Chemical So- 
ciety, m a survey of chemical maikets 
“Quick-freezing of foods and re- 
frigeration are certain to require more 
ammonia than before the war,” it is 
pointed out “In frozen foods alone, 
production has grown tremendously — 
from 169 million pounds in 1938 to more 
than 960 million pounds in 1943 — and 
food authorities believe it was boosted 
an additional 25 to 30 percent in 1944 
“Refrigeration commonly means the 
manufacture of ice and the cooling of 
cold storage plants, but ammonia also 
provides refrigeration for some impor- 
tant industrial processes such as petro- 
leum refining production of certain 
synthetic elastomers, and the nitnding 
of steel Under the necessity of provid- 
mg enormous war production, figured in 
terms of the finished materials, we have 


lost sight of these and other essential 
jobs performed for industry by am- 
moma 

“It IS an irreplaceable chemical in 
the manufacture of other industrial 
chemicals, notably sulfuric acid, alco- 
hol, soda ash, caustic soda, and it is 
the ‘controlled atmosphere’ for anneal- 
ing electronic tubes, heatmg coils, elec- 
tric heaters, and electric irons 

“Anhydrous ammoma has become so 
dominant in the fertilizer picture that 
we face a mtrogen shortage in 1945 be- 
cause the Government is diverting am- 
monia and nitric acid to ordnance pro- 
duction, making crops dependent chief- 
ly upon Chilean mtrate of soda, sulfate 
of ammonia from the coke-oven, and 
whatever natural organic materials may 
be available 

“When military needs have been met, 
ammonia undoubtedly will be freed 
again for agricultural nitrogen in the 
form of synthetic nitrate of soda, nitro- 
gen solutions, and ammonium nitrate 
\ “If the wartime Federal ammoma 
plants can be taken out of farm politics 
and the issue of ‘cheap fertilizeis* left 
to the fertilizer industry, it is very 
likely that the post-war era will wit- 
ness the development of new, highly 
efficient mtrogen fertilizer materials 
based on ammonia and urea Nitrogen 
solutions have by no means reached a 
stage of full development At least one 
large ammonia manufacturer is plan- 
ning new developments along this line ” 

X-RAY TIMER 

Speeds Examinations In 
Tuberculosis Checks 

An flectric eye “exposure meter” 
which enables a single crew of x-ray 
technicians to examine the chests of a 
thousand people a day for signs of 
tuberculosis — twice the number pievi- 
ously possible — is called the “photo - 
timer ” It is already m use m tuber- 


culosis survey clinics, measuring the 
precise amount of x-radiation passing 
through a human chest, and shuttmg off 
the x-ray tube when a sufficient quan- 
tity has passed through to make a film 
exposure of the proper density and 
contrast 

“Mmiature photofluorography — taking 
small-film photographs of full-scale 
images created on a fluoroscopic screen 
by the action of x-rays — is the only 
practical and economically-possible way 
to conduct the mass chest surveys 
necessary to detect the presence and 
pievalence of tuberculosis in the whole 
population,” says A P Craig, manager 
of the X-Ray Division of Westinghouse 

“Its use makes possible the examina- 
tion of sixty persons for the same film 
cost as a single examination usmg di- 
rect exposure of film by action of the 
x-rays,” Mr Craig adds Such a sur- 
vey is a fast “screening” process which 
spots unsuspected tuberculosis cases, 
and brings them to light so that further 
and detailed diagnosis and treatment is 
possible 

Until now, a major difficulty barring 
full utilization of the diagnostic capa- 
bilities of x-rays has been the lack of 
automatic exposure controls This 
meant that every person brought be- 
fore the x-ray camera for exammation 
had to be individually measured by the 
technician handling the machine, and 
then a whole series of adjustments were 
necessary before his “picture” could be 
taken, to insure the umform film nega- 
tives on which reliable examination 
results depend The use of the new 
Westinghouse phototimer automatically 
assures a correct x-ray exposure, en- 



Photocell in the x ray timer meas- 
ures light on fluorescent screen 
and controls length of exposure 


abling the operating technician not only 
to x-ray twice as many persons a day 
as he formerly could, but to achieve 
better and more useful results as well 
The timer consists essentially of a 
photoelectric cell to “see” the light 
emanating from the fluorescent screen, 
a capacitor to store the electric current 
which flows in the tube as a result of 
this light, and an electronic “trigger 
tube” to shut off the x-ray lube when 
sufficient x-rays have penetrated 
The phototube “looks” at the screen 
simultaneously with the mimature 
camera moimted in the equipment, but, 
being mounted below the plane of light 
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beams entering the camera lens, it 
doesn’t mterfere with the action of the 
camera It ’’sees” the same light, how- 
ever, and thus can control the source 
of the light in a manner that will also 
control Qie exposure of the film 

CROWN GALL 

Controlled by New 

Chemical Combinations 

Chemical research has found a new 
and effective way to control crown- 
gall, those rough, woody disease 
growths that weaken and often kill 
almond, walnut, peach, plum, apricot, 
and other trees and vines 

Pure synthetic methanol, the same 
chemical compound used as the base 
for anti-freeze for motors, b an im- 
portant ingredient in two new chemical 
solutions now recommended for this 
purpose. These solutions are being ap- 
plied with considerable success to 
“doctor” these harmful knotty growths 
which are caused by micro-organisms 
so tiny that it takes 25,000 of them, end 
to end, to reach only one inch 

The current issue of the Du Pont 
Agricultural News Letter reports that 
the latest recommendation, made by 
Dr P A Ark, of the California Agri- 
cultural Experiment Station at Berk- 
eley, following several years of test- 
ing under actual orchard conditions in 
his state, simply calls for exposing the 
gall, cleamng with a brush, and paint- 
mg the entire surface with one of two 
mixtures The first contains one part 
sodium dinitrocresol and four parts 
of methanol, the second, 100 parts by 
volume of methanol, 15 parts glacial 
acetic acid, and 12 parts by weight of 
crystal iodine 

Dr Ark urges growers to experiment 
with the materials on a small scale 
and to seek the advice of agricultural 
authorities before undertaking large- 
scale operations 

TURBINE LOCOMOTIVE 

Designed for High-Speed 

Passenger and Freight Service 

A fundamentally new type of coal- 
burning steam locomotive, powered by 
a steam turbine in place of the cylinders, 
pistons, and driving rods of the con- 
ventional design, has been completed 
for the Pennsylvama Railroad It is the 
first direct-drive steam-turbine locomo- 
tive ever built in the United States, and 
IS now imdergomg tests to determine 
the adaptability of this type of engine 
to long-distance high-speed passenger 
and freight service 

In the new locomotive, the turbine 
shaft IS rotated by the pressure of jets 
of steam against the vanes of the tur- 
bine wheel A continuous flow of power 
is thus transmitted to the driving 
wheels through speed-reducing gears 
A product of continuous research and 
development, the engine was designed 
and constructed by ffie Baldwin Loco- 
motive Works and the Westinghouse 
Electric and Manufacturing Company, 
in collaboration with the Pennsylvania 
Railroad 

The purpose of developing the new 
steam turbine locomotive Is to eliminate 






TRY IT YOURSELF . . . 

If you now use a drill for work of 
this kind — or a vertical shaper or 
mill, for that matter — make your 
own comparative tests and see for 
yourself how many short cuts Do All 
offers in tool room or for regular 
production work. 
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If you do not have a Do All in your plant, one of our factory-trained men will gladly 
call with a mobile demonstrating unit. 
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the reciprocatmg parts of the conven- 
tional steam locomotive, to provide a 
uniform flow of power to the driving 
wheels, and to obtain the economies 
inherent in a turbine The turbine is 
designed to develop 6900 shaft horse- 
power, and provides power at the tender 
coupler sufficient to pull a full-length 
passenger train at 100 miles an hour and 
high-class freight trains at high speeds 

The new engine is one of the simplest 
to operate that has ever been con- 
structed Both forward and reverse 
movements, at all speeds, are controlled 
by a single lever, actuating specially 
designed pneumatic control apparatus 
Automatically functioning devices make 
incorrect handling of the mechanism 
impossible 

Smaller than a living-room easy 


chair, and accounting for less than 1 
percent of the locomotive's total weight, 
the mam or forward drive turbine is 
mounted at the right-hand side of the 
locomotive It is approximately 45 
inches m diameter A smaller turbme, 
designed to move the locomotive back- 
ward at speeds up to 22 miles an hour, 
is mounted on the left side, and is 
brought into operation by engaging a 
clutch 

There are more than 1000 chromium 
steel vanes in the forward turbme, 
some of which are less than one inch 
long. Steam travels through the en- 
tire battery of turbine blades, expend- 
ing all but 15 pounds of its energy 
These produce a non-pulsating draft 
through the firebox and boiler. The 
boiler is of the conventional type, car- 
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rying 310 pounds of steam pressure and 
fired by a mechanical stoker 

The heat-treated alloy-steel reducing 
gears, mto which the turbine shaft 
feeds Its power, operate continuously 
In an oil bath and mesh with so little 
friction that 97 percent of the turbine’s 
power reaches the drivmg wheels 
Power is applied directly to two center 
pairs of driving wheels and Is also 
transmitted to two additional pairs of 
drivers by connecting rods The engine 
IS equipped with roller bearings 
throughout 

BETTER PAPER 

Obtained Through Use of 

Synthetic Salt Cake 

It has been discovered that synthetic 
salt cake used in the kraft pulping 
process does not need to be treated in 
the smelting furnace, according to 
Vernon Woodside of the Mathieson 
Alkali Works Instead, it may be added 
directly to the green liquor in the dis- 
solving tank 

The method of addition may vary 
as required by the plant system The 
synthetic salt cake may be fed continu- 
ously into the green liquor, at a pre- 
determined rate or, where a batch sys- 
tem is used, a measured quantity of salt 
cake per batch may be added to the 
dissolver tank 

The most important advantages 
claimed for the new process are greater 
control and flexibility of operations, 
potential chemical and fuel savmgs, and 
better average pulp quality 

STEAM ON RAILS 

Is Advancing 
With the Times 

T HE steam locomotive, streamlined and 
perfected to meet post-war require- 
ments, will hold Its own, despite de- 
velopment of other power sources, in 
the opimon of Ralph P Johnson, chief 
engineer of The Baldwin Locomotive 
Works 

“Those who pomt with scorn to steam 
locomotives as being ‘obsolete’ and 


^backward’ and believe the iron horse 
will give way entirely to other forms 
of motive power, need only to observe 
the tremendotis advances in steam pow- 
er since Pearl Harbor to be convinced 
of the brilliant future for steam loco- 
motives,” Mr Johnson points out 

“One highly advanced type of steam 
locomotive which has definitely proved 
itself in regular service is the Baldwin- 
designed four-cylinder type as exem- 
plified by the Pennsylvama Railroad’s 
streamlined “T-l’ class, two of which 
have been in continuous passenger 
service between Chicago and Harris- 
burg for two years,” says Mr Johnson 
“This locomotive is capable of 100- 
mile-an-hour speed with a load of 880 
tons, thereby avoiding the use of two 
engines on heavy passenger trains 

“The Diesel locomotive seems at the 
moment to be tied up to electric propul- 
sion and this means that designing 
ingenuity will be confined to the Diesel 
engine itself The Diesel will acquire 
an added appeal if future engines can 
be designed to bum lower grades of oil 
Work is being done along these lines 
and post-war Diesel design will not 
be static,” he concludes 

SILICONE RUBBER 

Retains Properties at High 

And Low Temperatures 

Retaining its elastic properties at tem- 
peratures as low as 60 degrees below 
zero, Fahrenheit, or as high as 575 
degrees, silicone rubber has been de- 
veloped in the General Electric Re- 
search Laboratory for many important 
war uses One is in aircraft turbo- 
superchargers, another is in searchlights 
for the Navy 

For a number of years chemists have 
been studying the curious chemical 
compounds known as “silicones,” of 
which an important constituent is the 
element sibcon, present in such common 
things as sand and glass Chemically, 
silicon is a close relative of carbon, up- 
on which the vast family of orgamc 
compounds is based Both elements can 
form long, chain-like molecules called 
polymers 


Organic polymers, such as rubber 
(either natural or synthetic) have as a 
backbone a string of carbon atoms 
which are Joined directly to each other 
by primary valence forces Silicone 
rubber is also a polymer Its backbone 
consists of a series of units, each con- 
sisting of a silicon and an oxygen atom 
linked together On the side, attached 
to the atoms of silicon, are groups of 
hydrogen and carbon, called hydro- 
carbons In these silicone polymers, 
where the carbon atoms in the back- 
bone are replaced by the silicon-oxygen 



How gaskets of the new silicone nib* 
ber, developed by General Electric 
research laboratory* ore applied to 
the casing of a turbosupercharger 

linkages, the thermal stability is great- 
ly improved in most cases 
Developed entirely apart from the 
vast governmental synthetic rubber 
program, silicone rubber is now being 
manufactured m a pilot plant m the 
General Electric Company’s Resin and 
Insulation Materials division While 
government synthetic rubber is being 
made by tons, present silcone rubber 
output is measured in pounds, all of it 
gomg into high-pnority war jobs 
One of the most important of these 
is a gasket for the turbo -superchargers 
m B-29 bombers Gases from the ex- 
haust, at a temperature well above a 
thousand degrees, are used to drive the 
turbme, which is thus subjected tp high 
temperatures even though the air out- 
side may be very cold when the plane 
IS flying through the sub-stratosphere 
The compressor casing of the turbo- 
supercharger IS stamped from sheet 
steel and a gasket is needed to seal 
the cover plate over an openmg about 
a foot in diameter Natural rubber will 
not continue to provide the required 
resiliency over the temperature range 
encountered in this application One 
synthetic rubber was tried but became * 
hard and brittle after a hundred hours 
of operation In contrast, a gasket of 
silicone rubber, even after operating 
continuously for 150 hours, is still soft 
and can be used over agam satisfac- 
torily. This is due to it^ lack of “com- 
pres^on set” at high temperatures 
Silicone rubber can be compressed be- 
tween metal plates to two thirds its 
original thickness, held that way for 
several hours at 300 degrees and, when 
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released, it returns to SO percent of its 
former dimensions 

The raw materials from which sili- 
cone rubber is made are easily avail- 
able, and it can be prepared in a wide 
variety of physical properties Some 
types are rather soft, while others are 
hard In its present state of development 
it is not suitable for tires and other 
uses where high tensile strength is re- 
quired. 

A by-product of the research in sili- 
cone rubber is a curious material re- 
ferred to as “bouncing putty “ It looks 
and feels like putty and can be pulled 
and kneaded m the same way Yet 
when rolled into a ball and dropped on 
a hard siirface it bounces like rubber 
A putty ball would just flatten out 
without bouncing at all 
Scientiflcally, bouncing putty exhibits 
paradoxical properties, for it is both 
elastic and plastic Which of these prop- 
erties it exlubits depends upon the rate 
at which stress is apphed When rolled 
mto a ball or pulled like taffy the de- 
forming forces are applied slowly Then 
it is plastic, the material flowing from 
one part of the mass to another But 
when the ball is dropped and it hits the 
floor, the stress comes suddenly and 
then it behaves as an elastic material 
Though this combmation of properties 
is shown to a slight degree by other 
materials, silicone putty is the first in 
which it is so marked and thus it offers 
the opportunity for useful applications 
of these unusual properties 

BOILER WATER 

Important to Shipping 

And Industry Alike 

F resh light on how chemical water 
control IS keepmg the ships of America’s 
merchant fleet out of trouble was shed 
recently by a paper read before the 
Society of Naval Architects and Marine 
Engineers by Dr A C Purdy, of Bull 
and Roberts 

Dr Purdy, a consulting chemical 
engineer, presented his paper under 
the technical title, “Water Conditioning 
and Related Problems of Marine Boiler 
Operations ’* It was a sequel to a pre- 
vious paper read by the water expert 
before the same body in 1933 and 
summarized new knowledge gained in 
the mtervenmg years through research 
by Hall Laboratories and Bull and Rob- 
erts on the prevention of scale and 
corrosion in steam boilers 

Behind his seemingly prosaic discus- 
sion was as dramatic a story as any that 
have emerged from the war theaters 
For m nearly three years of war, with 
America’s merchant vessels fully en- 
gaged m cargo carrying all over the 
world, seldom has a ship using proved 
methods of chemical boder-water con- 
trol been laid up for even a day be- 
cause of burned-out tubes or corroded 
boilers. 

More than 1200 of the present fleet 
of merchant ships. Dr Purdy says, use 
modem chemical control of their bpiler 
water, and of the high-pressure boil- 
ers the figure is 80 percent 

The fact that these ships have not 
been compelled to wallow idly in the 
Indian Occan, the Pacific, or the At- 


lantic at the mercy of submarmes while 
their boilers were re-tubed or the old 
tabes turbined, Dr. Purdy says, has 
saved many a cargo from the enemy 
and given continued help to the Allied 
supply lines extending to all quarters 
of the world 

In his paper Dr Purdy stressed the 
fact that post-war design of ships al- 
most certainly will take mto account 
higher steam temperatures, pressures, 
and ratings, that this will require closer 
chemical control to keep the boilers on 
the line; and that much that has been 
learned in solving the same problems 
for industrial power plants will be of 
value to the marme field. 

Suggesting a new approach to water 
conditionmg at higher operatmg pres- 
sures, he said that the solution “ap- 
pears to lie in a closer study of what 
actually happens as the dilute over-all 
boiler water traverses those surfaces 
where steam is generated ” Dr Purdy 
added 

“Here the water must absorb the heat 
from the boiler tubes which receive it 
by radiation and convection from tem- 
peratures of 2000 to 2500 degrees, 


Fahrenheit, and must pass it on with 
sufficient rapidity so that the external 
surface temperatures will not exceed 
800 to 900 degrees, Fahrenheit” 

In conclusion, Dr Purdy pointed out 
that the chemistry of boiler water is 
a constantly developing science m 
which many able research men are co- 
operating with boiler designers and op- 
erators to give the latter the greatest 
possible latitude in design These de- 
velopments should be followed with 
mterest by naval architects and marine 
engineers 

POST-WAR CONSTRUCTION 

Held to be Key to Vast 

Employment Problem 

In the first three to five post-war 
years the United States will experience 
the greatest volume of industrial build- 
ing and greatest employment of con- 
struction workers of any similar peace- 
time period, according to S M Rust, 
Jr, vice president of The Rust Engi- 
neering Company This building will 
start in large volume immediately after 





The invention of the lathe made the Machine Age possible and its develop- 
ment still paces the progress of industry As the accuracy, speed, and versatility 
of the lathe have improved, industry in general has progressed 

Since 1906, each model of South Bend Lathe has been better than its pied- 
ecessor This has resulted in better performance, gieater dependability, and 
increased accuracy which have long made them popular for manufacturing and 
toolroom work. South Bend Engine and Toolroom Lithes are made in five sizes, 
and the Precision Turret loathes in two sizes New catalog is ready- wnte for it 

SOUTH BEND LATHE WORKS 

4M E MADISON ST, SOOTH BEND 22, IND. • lATW BUIIDBK TO* 38 YCAtS 
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INVENTORS. Do Not Doloy. 

In order to PROTECT your Invention an d reap 
the reward that ahMUd ba yours, FATIMT 
your Inveotlon without delay, and at the «une 
time have RIOHT8 to sell when ICanufacturen 
convert to Civilian Produotlon, Write for 
Information TO>DAY 

RANDOLPH t reavers 
25 Columbian Bldg , Woakingfon, D C 


15,000 1077 
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OF FORMULAS” 

Thousands of copies of this ac- 
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EXPERIENCED BOOKKEEPERS 
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new modem practical ooei systems Lieam direct 
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war restrictions are relaxed, as indus- 
tries rush preparations to skim the 
cream from huge pent-up post-war 
markets, Mr Rust says. 

Thousands of inquiries and orders 
for designs of new plants and altera- 
tions of existing plants have been and 
are being received by engineering firms 
throughout the country, Mr Rust states, 
providing a solid, factual basis for his 
assertions 

The types of designs most usually 
sought, he further comments, are ^hias- 
ter plans’* — ^not for single structures — 
but covermg all the building and de- 
velopment contemplated by the firms 
concerned for five or more years 
“Contrary to popular belief, our tre- 
mendous construction of war plants 
will not halt or make unnecessary ex- 
tensive post-war industrial buildmg,” 
Mr Rust continues 
“The effect will be just the opposite. 
The huge competitive potentialities of 
these plants w^ force industrial man- 
agement to modernize to the limit and 
to build many entirely new plaiits in 
order to stay m the running 
“The combination of this biggest pro- 
duction capacity ever known, the big- 
gest consumer market (as verified by 
research polls) , and most extensive 
launching of new materials and prod- 
ucts, represents the key to post-war in- 
dustrial construction** 

PHOTOGRAPHING 
THE UNSEEN 

Achieved by New 
High-Speed Method 

it PHOTOGRAPHIC techmque has been 
worked out that is so sensitive it could 
presumably take a picture of a ghost, 
if there were such things This new 
process, utilizing flashlight with an ex- 
posure of less than one millionth of a 
second, photographs things which are 
invisible, such as the finest details of air 
disturbances even to the extent of 
making an image of a heat wave rising 
from the palm of one*s hand 
At present the development is being 
used for many important war projects 
which cannot be revealed for security 
reasons It is expected, however, to 
have unlimited peace-time applications 
where air and gas flow problems are 
encountered. 

When photographs of very rapidly 
changing conditions are made, an ex- 
tremely short exposure is necessary to 
show detail In this technique such a 
limitation is overcome by use of a new 
electromc device which not only sup- 
plies the illuminating flash at the right 
instant, but also gives an exposure 
duration so short that light from the 
flash has time to travel only a thous- 
and feet 

According to the General Electric 
engineers who developed the ultra- 
high-speed equipment, two approaches 
may be used— the Schlieren method and 
the shadowgraph method. 

Shadowgraphs are made by using 
nothmg more than a film holder and a 
spark light source with extremely sen- 
sitive controls In the Schlieren method, 
photographs are made with a highly 
specialized type of optical system which 


requires infinitely fine adjustment and 
manipulation. 

Shadowgraphic pictures show only 
the boundaiy conditions between 
regions of sharp variations in density 
or pressure, such as the difference exist- 
ing between the air encased in a toy 
balloon and the air when it is escaping 
In the Schlieren technique, however, 
where the sensitivity is many tunes 
greater, gradual variations can be better 
recorded as they occur throughout the 
region being investigated Thus, if dis- 
turbances of a minor nature are to be 
recorded, such as that of breath coming 
from the nostrils, Schlieren apparatus 
IS used. 

Either system may be employed to 
photograph sound waves or shock 
waves, provided a sufiiciently short 
photographic exposure can be obtained 
If strong disturbances, such as shock 
conditions in a high-velocity air jet, 
are to be studied, then the shadow- 
graphic techmque is generally ade- 
quate 

UNIVERSITY RESEARCH 

Holds Many Advantages 

For Industrial Organizations 

441 

I NDUSTRT has begun to appreciate the 
service that university laboratories can 
provide,** Dr Harvey A Neville, head 
of the I^high University department of 
chemistry said recently when referring 
to a 500 percent increase in chemical 
research contracts since 1940 at that 
university 

“There is an increasing realization,** 
Dr Neville continued, “that certain 
types of research can be conducted 
more effectively m these laboratories 
where the academic atmosphere, iso- 
lated from production, allows a fresh 
perspective ** 

Explaining that 17 new co-operative 
contracts had been received in his de- 
partment since the war began, the 
Lehigh scientist also pointed to values 
gained by colleges which undertake 
such researches 

“Professors engaged in co-operative 
research transmit to their students per- 
sonal enthusiasm for development,** he 
added “The advanced undergraduate 
likewise may share the experience of 
research by working with his profes- 
sor on these projects ** 

New projects in Lehigh’s department 
of chemistry and chemical engineering 
include those for the Armstrong Cork 
Company m analytical and leather 
technology research, the Bethlehem 
Steel Company in physical chemistry 
and chemical engineering, and the 
Catalm Corporation of America in 
synthetic resin studies 

Among other recent projects are those 
assigned by the Koppers Company for 
study of applications of coal tar deriv- 
atives and by the William S Merrell 
Company, manufacturer of pharmaceu- 
ticals, which is supporting research in 
organic chemistry 

The Raybestos-Manhattan Company’s 
contiiluing research project is devoted 
to plastics materials and the National 
Oil Products Company has also main- 
tained a contract for studies in its field 
since the pre-war period 
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New Products 


ALUMINUM DRUMS 

Development of a light-weight alumi- 
num drum to expedite transportation 
of aviation gasolme over the “hump” 
to Allied fliers on the China front was 
announced recently by officials of the 
Aluminum Company of America 
An allotment of drums, accepted by 
the Army foUowmg exhaustive research 



'Tlying drum** Is light in weight 


and tests, has been flown by the Air 
Transport Command direct to India in 
order to step up the supply of gasoline 
needed by the 14th and 20th Air Forces 

With Japan in control of the Burma 
road, ingenious military men had to 
take to the air to fly supplies to the 
Allied fighting front in Asia, and the 
aluminum gasoline tank — which weighs 
21 pounds compared with the 52 pound 
weight of the old-style regulation drum 
— was the answer 

The saving in weight will increase 
the supply of gasohne to the Chinese 
front many hundreds of thousands of 
gallons each month, engineers estimate 

VERSATILE SYNTHETICS 

T HE story of the synthetic resin that 
out-performed rubber is the story of 
the compar washers, seals, gaskets, 
diaphragms, and similar flexible mold- 
ings that are being turned out for a 
wide variety of mdustries by Resistoflex 



They wear better then rubber 


Corporation, developers of compar 
Though the first moldmgs of this vmyl 
resin derivative were not compounded 
to take the place of rubber, it has now 
been demonstrated that compar out- 
performs rubber in many apphcations 
where its use has now become stand- 
ard 

Molded compar is capable of many 
variations which give the exact degree 
of flexibility, elasticity, and abrasion 
resistance required for each particular 
application and is widely used in such 
fields of manufacture as machine tool, 
radio, automobile, aviation, Diesel 
engine, x-ray, road-buildmg machm- 
ery, air-conditioning, and refrigeration 

The compar parts have a service life 
from 5 to 250 times that of rubber and 
exhibit the same outstanding character- 
istics of mertness to organie solvents, 
abrasion, and flexing as do Resistoflex 
oil- and solvent-proof hose assemblies 
which have as their core an extruded 
tube of compar 

Especially compounded and engi- 
neered for each application, compar 
washers, seals, diaphragms, and gaskets 
have proved suitable on instruments, 
oil and chemical pumps, hydrocarbon 
and rubber cement bottles and cans, 
ball mills, spray guns, fire extinguishers, 
and oil cups on hydraulic presses 

PORTABLE ELECTROPLATER 

A NEW and improved electrolytic brush, 
used in conjunction with electroplatmg 
compounds, has now become available 



Worn ports and shafts may bo ro- 
nowod with this oloctrolytic brush 


for peacetime production With the co- 
operation of Du Pont, it was developed 
by the Warner Electric Company to 
solve specific electroplatmg problems 
The new brush and process are now 



POOR 

EYESIGHT? 
Try the New PIKE 
Electric Reoder 
A boon for elderly peo- 
ple end others with poor 
eyesight Wonderful for 
doctors, scientists and 
draftsmen 

Writs for free information 
and details of this nsw In- 
vention that makes read- 
ing matter 3 Umse lartsr 


E W PIKE & CO 


ElizobeHi, N J 


NURSES NEEDED 

The biggest battles of the war are still to be 
fought Casualties are Increasing every day 
The life-saving care of Navy Nurses It of 
greater Importance than ever before 
Four thousand more Navy Nurses are needed — 
right nowl 

Registered nurses, araduates of on accredited 
school of nursing, 21 — 40 years of age, single 
citlxens for 10 years 


or legally separated, and 
ore urged to write for further portt^lars 
Address! The Surgeon General, Bureau of 
Medicine & Suraery, Navy Department, Wash- 
ington 25, D C 
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do to protect your invention 
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Hundreds of factories are saving time 
and injuries in war production by 
protecting workers with Steel Grip 
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Scientific American’s 
two telescope books 

AMATEUR TELESCOPE 
MAKINO and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 


were prep«re<l before the war, with- 
out the slightest thought of sale to 
profesiionut. Came the war. Hun- 
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their OOBcials 

For their Technical statft 

For their Workmen 

Why? 

Because the basics of precision pro- 
duction in optics are essentially tha 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry’s offices 
in the nation. They ’’rata.’’ 

Amateur Telescope Making ^4.00 
postpaid, domestic; foreign |14.35 
Amateur Telescope Making— Ad- 
vanced ^5.00 dom^tic; foreign 0.35 
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being employed m an mcreasing n\mi- 
ber of industrial applications. This 
method has proved practical and dem- 
onstrated Its usefulness in decorative 
work, maintenance, and m salvaging 
tank-plated rejects 

Immovable objects may be electro- 
plated without being dismantled, A 
company’s name or trade mark may be 
electroplated on the article being manu- 
factured The conductivity of electric 
switch contacts, blades, and jacks may 
be improved or renewed without dis- 
assembly Dies and shafts may also be 
plated and renewed when worn 

COLLET CHUCK 

A LEVER-OPERATED chuck With a Ca- 
pacity for stock rangmg from 1/16 to 1 
inch in cross-section, and known as 
“Jiffy Jig” model J-10, is announced 
by the Monarch Governor Company 
Readily adapted to various machme 
tools for drilling, millmg, bormg, grind- 
ing, and so on, this chuck can be set 
up m either horizontal or vertical posi- 
tion 

It has been designed to provide ample 
chip clearance and when the chuck is 
either open or closed, the collet is 



Horizontal or vortical operation by 
lover makes this collet chuck hondy 


stated to have absolute zero axial 
movement and positive axial dimension 
control The “Jiffy Jig” consists essen- 
tially of three parts — cap, base, and 
operating lever, the taper on the cap 
conforming to that of the collet With 
the proper sized collet in place, the cap 
IS screwed down on the base until the 
collet opens and closes as desired The 
operating lever is then screwed into 
place and the chuck is ready to use 

TIMER 

M ANUALLY preset, an interval timer 
having wide application has just been 
announced by the Paragon Electric 
Company The new model, #2500, can 
be preset to allow a given operation 
to contmue for almost any pre-de- 
termined time limit, and to close or 
open a circuit at the end of the preset 
time 

Tins unit is adapted for use in plas- 
tics moldmg, rubber curving, batch 
mixing, heat treatmg, enamel baking, 
liquid agitation, light exposure, blower, 
pump, and conveyor operations, watch- 
man signals, food cookmg, power and 
light disconnect, machinery operation, 
control of ventilatmg fans on a preset 
schedule, and night heating shut-down. 

Engineered features include (1) 


Single-pole, double-throw, lOOO-watt 
capacity switch, fully enclosed, under- 
writers apimved. (2) Only two ex- 
posed g6arsr-<inotor pinion and wheel, 
precisioii bobbed (3) Self starting 
motor, slow speed synchronous, com- 
pletely sealed (4) No energy Is re- 
quired of clock motor to trip switch at 
end of preset time (5) Ten tune ranges 
from 0 to 15 seconds through 0 to 20 
hours (6) All parts rust proofed and 
protected against corrosion. 

The #2500 series can be moimted on 
the surface of any panel or directly on 
the surface of the equipment the timer 
IS to controL It is also designed to be 
mounted directly over and to any 
standard single-gang switdi box or 
handy box. Available for flush mount- 
ing or wall mountmg with conduit con- 
nector 

WELDING CLAMP 

A NEW low-cost ground clamp for 
welders has been announced by The 
Lmcoln Electric Company Besides its 
low cost, the clamp has the advantage 
that each jaw connects mdependently 
to the ground cable Thus, if one jaw is 
prevented from makmg a good electri- 
cal contact, due to heavy scale, paint, 
and so on, the other jaw will cany the 
current 

The ground clamp has a heavy-duty 
processed steel frame with durable 
copper conductors and contacts The 
unit weighs only 1% pounds, has a 
maximum jaw spread of 2% inches, 
and a rating of 300 amperes 

CENTER PUNCH 

A GAGE pomt punch which is double- 
acting and on which impact force is 
adjustable for different materials has 
been made available by the Baldwin 
Locomotive Works It is offered to the 
metals field for four reasons (1) it 
marks four uniform centers on speci- 
men with one push of the handle, (2) 
it automatically centers either round 
or flat specimens, (3) the impact force 
IS applied manually by an adjustable 
detent which, eliminates the use of a 
hammer, (4) impact and size of punch 
marks are adjustable to suit soft and 
hard specunens 

The upper punch holder, guided in 
a heavy frame, is attached to the im- 
pact-adjustable handle. The entire 
upper point assembly is spring sup- 
ported to keep the gap between punch 
points open for the largest specimen 
When the specimen is placed on the 
support, the upper handle is pushed 
down until all punch points rest on it 


Tho Impact 
forco U 
adtuBtablo 
on IhU 
gago point 
puneffi 
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A continued push downward on the 
handle brings to a preadjusted com- 
pression a second spring withm the 
tubular knurled han^e, releasing po- 
tential energy to produce impact on 
the specimen 

SAW AND FILE ATTACHMENT 

An attachment for electric drills that 
provides a portable power saw and file 
IS sold under the trade name of Saw- 
Chief 

According to the manufacturer, the 



Utilizes electric drill for sawing 


Chicago Precision Equipment Company, 
the new device will rapidly saw every 
kind of metal, wood, plastics, and other 
material, by placing an ordmary hack- 
saw blade in the holder with the teeth 
toward the operator It may also be con- 
verted into an automatic file by insert- 
ing a file in the same chuck or holder 
The inner mechanism of the Saw- 
Chief is of balanced ball bearmg con- 
struction, built for heavy-duty cutting 
and to withstand hard use The pistol - 
grip handle permits the operator to 
guide and hold the device with ease 

MEASURING ARCS 

T OOL shops and machinery builders 
of all kinds will be interested m a new 
device called thf" Areometer for meas- 
uring arcs along the circular edge, 



either internal or external, of a surface 
With this instrument, shown in the 
accompanying illustration, it is possible 
to save time and increase accuracy in 
the layout of bolt holes on flanges, spac- 
ing ribs on cylindrical bodies, and spac- 
ing blades in impellers and the like 
In operating instrument, the cor- 
ners of the heads are brought against 
the edge of die work, and the arms are 


rotated to the proper angle where they 
are locked with a single thumb-screw 
The reference edges of the arms are 
then used as scribing edges, or for 
alinmg parts, as required 

LIGHT WORK GOGGLES 

F ULL protection from impact, dust, fly- 
ing sparks, and chips is offered by a 
new work goggle having wide view 
plastics lenses yet weighing less than 
one ounce These goggles fit closely 
over the nose, brow, and cheeks They 
are large enough to be worn over pre- 
scription glasses and have ample air 
space to prevent fogging 

SOFT METAL FASTENING 

T HE motor shown in the illustration, 
designed for actuating cowl flaps and 
air cooler flaps on the PV-2, required 
a rigidly secure mounting in the plane 
Since the metal of the mounting boss 
was too soft to assure permanent fast- 
ening, Rosan standard locked- in inserts 
were installed to give this soft metal 
the fastening strength of steel 

According to The Dumore Company, 
who manufacture these motors, Rosan 
inserts simplified production of the 
motor and made installation more dur- 
able 

These inserts consist of two pieces 
A threaded insert with a serrated collar 



Locked in securely# these Inserts 
permit mountings on soft metals 


and a locking ring which is serrated 
inside and out The insert is screwed 
into a counterbored tap-hole flush with 
the surface of the parent material The 
ring is then pressed or driven into 
the counterbore The inner teeth of 
the ring engage the serrations on the 
insert collar, while the outer teeth 
broach the wall of the counterbore and 
lock the insert in place 

COIL INSULATION 

Vacuum impregnation of coils, arma- 
tures, transformers, and so on, under 
pressure, is demonstratmg many ad- 
vantages over ordinary dipping, and 
costs no more, according to Vacuum 
Impregnating Works 
Among the results claimed, m addi- 
tion to more efficient insulation, are 
higher sustained voltages without over- 
load, elimination of wear due to creep- 


Scientists Endorse 



Make Your Own A-PE-CO 
Phofo«Copies! 

Scientific accuracy is assured with A PB CO 
Sama-Biza, photo-axact copies in a Jiffy — direct 
from anyihmg written, printed, drawn or photo 
graphed, on one or both sides — countless uses 
in every department 

Legally Accepted Photo Copies of 

• Letters • Documents • Records 

• Blueprints • Charts • Pictures 

• Graphs • Drawings 

Anyone, anytime, can use A PE CO No technical 
trammg ne^ed — no darkroom Nothing to gel 
out of order Most widely used photo-copy tystem 
low cost Years of service Wnte tor folder 
showing how you can usa A PB CO 

AMERICAN PHOTOCOPY EQUIPMENT COMPANY 
2849 N Clark St , Dept KH 25, Chicago 14, Illinois 
Representatives in principal cities and Canada 


POST-WAR 

PUNS 

If you are in the primary 
stage of post war plans, and 
precision optical elements 
and instruments are a part 
of thosa plana, we believe 
our 60 years experience in 
the precision optical field 
might aid you with your 
own optical problems. The 
Post War Planning Section 
of our Engineering Depart- 
ment 18 ready to help you. 


P-M0GEY&80N$,mc 

PUINFIELD, NEW JERSEY 

EST 1683 
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Rtpair yoir owr 
ELECTRICAL APPLIANCES 

whh 

CHANITB f«lf-W«ldiBg BLBCTRICAL 
HBATING BLBMBNT flux Gbumbuc 
MBOUO l, inctructioiic micIocmI #1 00 
posipaUi 

CHANITE SALES COMPANY 
914 South Main Port Worth 4, Toxot 


WILL LIP1 MLB5 



SIZKrAX2'/2 


Liftlnc or boldine 
magnetc, like out 
oacb 14 00 
Ont Oimoo magnet 
In a X 1* X 
frame will cup- 
port 4 Ibe 
each IS 00 


ALNIOO Pocket Plecee ll/lS* x O/ll* x Ve" 

pair II 00 

Horce Shoe Magnetc x x ^4' pair |1 Sfi 
Ua*' X H*' Watch die GEAR BOX 
150 to 1 Ratio 36# S for |1 00 

SKINDERVIKEN Tranamltter Button with 
10 page Experlmenta Booklet |1 00 

X 1^4 AO 110 volt Clock Motor 
3 revolutlone per minute 13 00 

One ampere Mercury Switch 
long leads 35# 4 for II 00 

BLAN, 64B Day Street, New York 7, N. Y. 


SAMWORTH BOOKS ON FIREARMS 

Technical and practical works on firearms 
balllctlca ammunition scientific Identification 
gunsmlthlng history and use of all firearms and 
kindred subjects Twenty-five titles now offered, 
which cover the shooting field and various allied 
subjects Catalog for 3# stamp 

THOMAS O SAMWORTH 
Stnall-Armt Technicol Publishing Company 
Plontersvllie, South Cortina 


Electric Hestino Appliance Elsmcnti 
Repaired Nichrocite Pasts it Used 
To get at otherwise inaocasdble 
placet, in toasters irons, over- 
head elements In ovens, fumaoes 
etc Simply overlap ends apply 
Nichrocite Paste and turn on cur- 
rent Used by large utility oom- 
panye Generous trial order |1 00 
M. 02 60 1 pound 18 00 

ADVANCE MPO & DIST CO 
Dept SA-Box 841, Minneapolie» Mlnit 



Experimentiil and Model Work 

Pine instruments and Pine Machinery 
Inventions Developed 
Special Tools Dies Gear Cfuttlng Etc 
HENRY ZUHR Inc . 187 Lofoyette $t . N Y 13 . N Y 


INVENTORS 

Free Patent Guide - - 


^PROTBOT YOUR INYBIITIOi 
WITH A U. S. PATENT 

Take first step to protect your 
rights to your Invention— without 
cost Mail coupon today for Free 
Record of Invention ' form and complete Inetruotlone 
for making legal dlscloeure of Invention and 
eeUblishlng date We also send 48 page free Book 
Patent Guide for the Inventor* telling Importanoe 
of prompt action how to sell and market your 
Invention how to make Applloatlon for Patent 
examples of Successful inventions Also dstalls 
of how a Patent protects you our reasonable 
ebargee for preparing applications tnoludlng ofiloial 
drawings and techmoal specifications confidential 
search service to be reasonably certain Invention 
le patsnUble. prompt service strict seoreoy. plan 
tor you to pay In small paymecte ae application 
progreeeee other facte you want to know about 
Patent Protection Mall coupon for Pres “Patent 
A Oulde" and ’’Record of Invention ’ form today 


CLARENCE A. O’BRIEN 

and HARVIY i. JACOSSON 


55-A Adam Bld|^, Wuhlniton 4, 0 C. 


S' r G I T r # E D r A T E N T A T T o S N t Y «, 



Pleaee send me your 41-pag# “Patent Guide 
and your speolally prepared Record of Inven- 
tion’*^ form PRJU This request does not obli- 
gate me 


Addrase 
OtiF t 

fPIsnss tsrtts or print plaliMg) 


may be had by recalling that the ma3ci> 
mum size of bearings produced by pow- 
der metallurgy only a few years ago 
was less than five pounds 

HORIZONTAL HOLE 
PUNCHING 

Announcement of a new hole-punch- 
ing technique with Wales horizontal 
type “H** hole punching umts has been 
made by George F Wales, president 
of the Wales-Stnppit Corporation 
These units are designed for punching 



Above. Hole punching units with 
work nested in position. Belows 
Another type of set up thovring 
the punches loid out on a roll 



holes m flanges, angles, container sides, 
and similar shaped and formed work 
Each unit is independent and self- 
contamed, which permits the same 
group of umts to be used and reused, 
placed and replaced on press brake 
rails and on templates m stamping 
presses to punch unlimited straight- 
line patterns The mmimum center-to- 
center distance is % inch Punch, die, 
guide, and stripper spring are held as 
an independent, self-contained unit by 
the holder 

This holder keeps the punch and 
die in perfect alinement, eliminating 
hours, and sometimes days, customarily 
required to aline conventional dies 
This feature also reduces press “down 
time” to an absolute mmimum Noth- 
ing is attached to the press ram All 
that IS required to make a set-up is to 
place the umts in position according 
to a master pattern and start punching 
at the first stroke of the press ram 
without any further adjustments 

STEAM-SET INKS 

Development of a new synthetic resin 
binder for the ink maker, which gives 
a carefully balanced water tolerance 
and excellent stability on the press rolls 
to the steam-set inks now widely used 
on paper bottles, foldmg box cartons, 
and ^ilod wrappers, is announced by the 


Resmous Products and Chemical Com- 
pany. Known as Amberol 820, this syn- 
thetic binder is a hard, hi^-melting 
resin which demonstrates infimte solu- 
bihty in diethylene glycol, excellent 
humidity tolerance, and high resistance 
to petroleum and hydrocarbons 

Steam-set inks are a fundamentally 
different type m that they do not oxi- 
dize nor do they utilize a solvent which 
must be driven off Their lack of odor, 
extreme cleanlmess, brilliance of color, 
non-rub characteristics, sealmg proper- 
ties, and elimination of offset have led 
to their widespread use Smee many 
foods — butter, lard, bread, and milk — 
show tendencies to pick up residual 
odors m prmtmg inks, the lack of odor 
m steam-set ink is particularly impor- 
tant 

These inks consist of pigment, a 
resm binder, and an odorless, high- 
boiling-pomt orgamc solvent In order 
to function properly, the resin binder 
must be soluble in the solvent and in a 
mixture of the solvent and a limited 
quantity of water, but insoluble in a 
mixture of the solvent and an un- 
limited quantity of water When a film 
of the varnish formed from this resm 
and solvent is subjected to an unlimited 
quantity of water, a thin, hard film is 
formed over the underlying portion 
which IS plastic and adheres to the 
paper The formation of this hard sur- 
face prevents any offset or transfer of 
ink from the prmted surface 

The resm is prepared by dissolving it 
m diethylene glycol with heat to give 
a clear solution The method of prepara- 
tion has little or no effect on the final 
vehicle and the heatmg schedule can be 
selected on the basis of convemence A 
typical formula utilizes 100 pounds of 
Amberol 820 and diethylene glycol and 
requires heating for approximately ten 
minutes at 300 degrees, Fahrenheit, to 
obtain a clear solution. The resm shows 
no tendency to separate after even sev- 
eral months’ storage 

CLAMPED-ON TOOLS 

Heavy-duty machimng on steel cast- 
ings and forgings, and cast iron, can be 
accomplished with minimum tool stocks 


Cutting edge clamps on 

by the use of new Kennametal 
Clamped-on Tools This design has 
been made possible by the development 
of heavy-duty tips which, while over- 
hanging the tool shank by about 1/16 
inch, have ample strength for heavy 
feeds and deep cuts 
These new tips have a clamping 
shelf along the top of the side opposite 
the cutting edge When dull, the tip is 
advanced and resharpened Only the 
cutting edge is ground and no steel 
IS removed from the shank 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


Carrent Bulletin 
Briels 

Conducted by 

K M. CANAVAN 


(The Editor will appreckrte it 
if you will mention Scientific 
American when wrltlnq for any 
of the publications listed below ) 

How TO Run a Lathe is a 128-page, 
thoroughly illxistrated manual on the 
care and operation of a screw-cutting 
lathe. Now m Ita 42nd edition, this book 
has been proved in practice and is wide- 
ly accept^ for its accuracy and clarity 
of detalL All phases of the work are 
considered, including special types of 
operation Shop ‘Tdnks” and “don’ts** 
are featured South Bend Lathe Works, 
South Bend, Indiana — 25 cents, paper 
covers, 75 cents, leatherette covers 

V-Belt Handbook for Industrial Ap- 
plications is a 74-page booklet con- 
taining data on the whole subject of V- 
belts including their advantages, instal- 
lation and care, varieties obtainable, and 
the qualibes to seek when selecting 
various models The B F Goodrich 
Company, Akron, Ohio — Gratis 

Pantograf« Engraving Machines is a 
20-page booklet based on the spe- 
cifications and applications of standard 
models as well as seven other ma- 
chines for special purposes Request 
Bulletin 1580-B George Gorton Ma- 
chine Company, Racine, Wisconsin — 
Gratis 

Ditching With Dynamite is a 32-page 
illustrated booklet, the product of 
years of experience in the field and in 
the laboratory, giving a complete ex- 
planation of a technique being widely 
used in agriculture, pipeline and high- 
way construction, and mosquito an<J 
flood control E I du Pont de Nemours 
and Company, Inc , Explosives Depart- 
ment, Wilmington 98, Delaware — 
Gratis^ 

Rotary Files War Supplement is a 10- 
page folder describing more than 72 
rotary files of various shapes, both 
hand-cut and ground from the solid 
Diameter, length of cut, and price of 
each is listed Grohet File Company of 
America, 421 Canal Street, New York 
13, New York ^-Gratis 

The Second Mile, a Re-survey, 1944, by 
W. E Wickenden, is a 16-page pam- 
phlet written to present the engineermg 
profession to the young engineer and 
dlso contains information pertment to 
all engineers. Engineers' Council for 
ProfessUmal Development, 29 West ^th 
Street, Nets York 18, New York — Single 
copies ten cents» 

Shot Pbbnino and the Fatiguv op 
Metals, by H F. Moore, is an illus- 
trated booklet based on the findings of 
laboratory research. Some of the sub- 
jects covered are Types of structural 


FORGING AHEAD IN BUSINESS 
contains a message of particular impor- 
tance to production men Ihis is your 
opportunity to obtain a copy of this 
famous book, which has been desci ibcd 
as a '’turning point in the lives of liter- 
ally thousands of men”* 

Although **Forging Ahead in Busi- 
ness” has been distributed to more than 
3,000,000 men, today’s timely edition 
was written in the light of recent world- 
wide developments Its 6i pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry 
It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immcdi ue help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
^Forging Ahead in Business’ 

thirty mmutes this little hook 
gave me a clearer picture oj my 
husmess future than Vve ever had 
before ” 

. . and that represents the opinion of 


the Institute’s 100,000 subscribers, in- 
cluding 134/000 production men! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in “FORG- 
ING AHFAD IN BUSINESS” are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and I redenck 
W Pickard, Vice President and Direc- 
tor, E I du Pont dc Nemours 8c Co 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded induidual — the man with 
ambition and “drive” — “Forging Ahead 
in Business” has a message of distinct 
importance If you feel that it is in- 
tended for you, don t hesitate to send 
for a copy today Simply fill m and 
mail the coupon below 


ALEXANDER 

HAMILTON 

INSTITUTE 


Alexander Hamilton Institute 

Dept 35, 71 West 23rd Street, New York lO.NewYork 
In Canada, 54 Wellington Street, West, Toronto 1, One. 
Please mail me, without cost, a copy of the 64-page 
book— ’’FORGING AHEAD IN BUSINESS “ 


Name 
Firm Name 
Business Address 
Position 
Home Address 
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The Editors Recommend 


PROCEDURIS IN IXPERIlfJBNTAL PHY81C8 — 
By Jmkn Siring, PhM A wealth oi umImI data oi 
a practical kiod for the ooDitmetor, axperlmeBter, 
aad akllled craftimaB $6 SO 


STUEL 8QUAIIK POCKET BOOK — By 
L 3*04dmrd, Practical methods for ualag the ear 
peator’a eteel atioare for layout work of all kiada 
Tlaio uied metheda used by two goBoratiooa of ear 
poBtera and found both rapid and aoeurato SI 00 


A MANUAL OP MECHANICAL MOVEMENTS — 
By W, M Clmrh Praaenia fuadamoatala oa whJah all 
maehUiea are built 400 illuatratiena and 160 photo 
frapha of medela demonatrating meehanieal prlnelplea 
aapplamant the text SS 10 

TOOL IfAKlNG — 0y C M Colo. Inatruetloaa lor 
makiag and uaing all kinda, from peraoaal teola to 
arbor proaaea* lathea» planera, etc , la dlleroat 
motala St SO 

TECHNIOUE or PLYWOOD — By Chmrim* B 

NmrrU Technical information on all phaaea of ply 
wood manufacture and uae, eompiled far eagiaeora, 
deaignera, and uaera of plywood Importaal to 
many phaaea of wartime houatag and manufaoturtng 
probleau St tO 

OPTICAL WORKSHOP PRINCIPLES — By Cmi 
Ckmrlmt Odwd War time translation of a French 
work on preciaiea shop optica with heary emphasis 
oa actual handiwork Cnrers glass, abraaiTos, eomoBtai» 

mechanical theory of working optical surfaces sur 
facing, testa, centering, and so on $6 10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 

A elaaaie reference book recently reriaed and brought 
up to date to keep paee with recent research In 

eludes material on all branches of ehemlstry, physics, 
and allied seleaooa Used in laboratories and by 
englaeors throughout the country Flexible binding 
2'>71 pages $4.10 Foreifti $4.80 postpaid 

ATOMIC ARTILLERY — By Mm KMM 
Brnbrnriamm Electrons, protons, poaitroas, photons, 
noatroBs, and cosmic rays, all described for the 
layman to plain language Also transmutation of the 
elements and the manufacture of artificial radio 
octleity $2 88 

irXPERIMENTAL SPECTROSCOPY — By Raipk 
d Ssiteyor Covers theory and types of spectroscopes 
and spectrographs mounting and use of gratings, 
determination of wavelengths, infra red spectroscopy, 
spectrochemical aoalysis and so on Somewhat 
elementary but requires knowledge of physics and 
some physical optica $5 lo 

EXPERIMENTAL ELFX'TRONICS — By Ratph 
li Mutlmr, R L Carman, and M E Droa. 
A solid book of eminently practical information on 
the aharaeteriatios and non communioatioa appUca 
iloax at eleotrea tubes The test describee experi 
meats sad preeeats results For students radio 
eagtaeers, oommnnlcatloas experts, and the serious 
general reader $4,75 

PRISM AND LENS MAKING — By F Tseyman 
A wide variety of notes based upon a long lifetime 
of practical optical shop work Not a lull step by 
step manual but a valuable working aid to the ad 
vanced telescope maker and others in optical work 
While the test deals ostensibly with professional 
quantity production, much of it la baslcdly appllc 
able to single piece work $4.60 

PLASTICS •— By / U DuboU Revised ealarged 
edition of an important work on the whole geo 
eral subject of plastics plus much new material 
on synthetic rubber, manufacturing processes, and 
plasties moldings $8 85 


Best Sellers 


In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Uarold C KMy, Definite, outright, practical la 
structions on watch making, repair, and adjustment 

$2 85 


SLIDE RULE SIMPLIFIED — By C O, BmrrU 
How to use a slide rule without any of the mystifi 
cation that often surrounds this important tool of the 
engtoeer Escelleat iUnslratioas make everything 
clear $8 60 including a slide rules for book alone 

$2.60 


THE ELECTRON MICROSCOPE ^ By Burfn 
and Kaht A well written acceunt of this newest 
tool of ssieaso, with all technicalities explained for 
complete understanding by average person $8 98 

A COURSE IN POWDER METALLURGY — By 
Waiter J Baama. A sound view oi the overall sub 
ject of powder metallurgy which will serve as an 
excellent guide and reference book $8 60 

THE SCIENCE OF WATCHES AND CLOCKS — 
By d L Rat/cUnga Not a book on watch and clock 
repairing, but one for horologists Interested in the 
science underlying fine timekeepers $3 60 

PLASTICS, PROBLEMS AND PROCESSES — By 
Manapargmr and Pmppar The whole story of plas 
tics, including a resume of manufacturing processes 
and a number of thorough going chapters devoted to 
plasties usee $8 10 

FUNDAMENTALS OF ELECTRICITY ^ By a 
Staff of EloctrietU Eapmrta Although designed to 
supply men about to enter military service with a 
foundation for further training, this text will serve 
s similar purpose for anyone desirous of acquiring 
such knowledge 

ELECTRONIC PHYSICS By Hmator, Loin, and 
Sconcoit. A simplified text for those who desire to 
acquire a sound basis for following the advance of 
applied electronics $8 85 

A I ABORATORY MANUAL OF PI ASTICS AND 
SYNTHETIC RESINS — By C F D*Almlio 

How to prepare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

$ 8.10 


FUNDAMENTALS OF OPTICAL ENGINF.ERINC 
•—By Danmtd H. Jmoaba This new work starts 
out at the veiy begianlng, is mainly non mathe 
matical, and to probably the best suited of all 
existing books as an introduction to optical design 
Author is a physicist at Bureau of Standards $5 10 


I UND AMENTA LS OF PERSPECTIVE — By 
Thmodorm DoPoataia, AJ»A, A method of showing 
the order, or sequence, in which lines of a perspective 
are drawn Use of colors, numbers, and arrows 
eliminates much text found to other books on this 
subject 20 loose sheets to binder $2 60 

MACHINKRY*S HANDBOOK — I2tk Edltian 
** Bible of the mechanical industry," 1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room $6 10 


damage of metals, the origin of fatigue 
cracks, effects of cold working, meas- 
urement of shot peening intensity 
American Foundry Equipment Com- 
pany, 555 South Byrkit Street, Misfia- 
waka, Indiana — Gratis, 

General Catalog is a 28-page publica- 
tion of particular interest to re- 
search men and development engmeers 
Laboratory instruments, such as resis- 
tors, mductors, capacitors, galvanome- 
ters, dynamometers, and potentiome- 
ters are described and illustrated and 
their characteristics shown by means 
of tables and charts Request Folder 
ENT (7) Leeds and Northrup Com- 
pany, 4934 Stenton Avenue, Philadelphia 
44, Pennsylvania — Gratis 

Jiffy Jig for Drilling, Milling, Boring, 
AND Grinding is a four-page circular 
describing and illustrating the four 
standard set-ups of this new type of 
lever-operated chuck Stock size ca- 
pacities and other pertinent Information 
IS given Monarch Governor Company, 
1832 West Bethune Avenue, Detroit 6, 
Michigan — Gratis 

Pull-Up Broaching Machines by 
Colonial is a 16-page bulletin de- 
scribing the standard pull-up machines, 
tools, and attachments A section is de- 
voted to the basic tooling of the ma- 
chines and specification tables with 
drawings of machines, tools, and at- 
tachments are presented Colonial 
Broach Company, P O Box 37, Harper 
Station, Detroit 13, Michigan — Gratis 

Seamless Steel Tube Data is a 320- 
page loose-leaf binder divided into 
four sections, with guide index, cov- 
ermg general data, mechanical tubmg, 
pressure tubing, and reference tables 
Supplementary sheets with new data 
will be supplied from time to time 
Seamless Steel Tube Institute, Pitts- 
burgh 19, Pennsylvania — $2 50 

How TO Plan Your Post-War Air Con- 
ditioning Today is a 16-page illus- 
trated booklet which outlines the 
three general types of air conditioning, 
how air conditionmg works, the princi- 
I>al factors to be considered when plan- 
nmg for a specific application, and 
describes the equipment including 
compressors, condensers, units, and 
coils Westinghouse Electric and Manu- 
facturing Company, 150 Pacific Avenue, 
Jersey City 4, New Jersey, — Gratis 

Aeroil Hot Liqino Dip Tanks (Gas 
Fired and Electrically Heated) are 
two 16-page catalogs giving complete 
specifications on insulated hot dip tanks 
that are fueled by city gas, natural gas, 
or electrically heated with thermostatic 
controls Aeroil Burner Company, Inc, 
Box BG, West New York, New Jersey — 
Gratis 

Arrivino Safely Protected by Mtstik 
Self-Stik is an illustrated booklet 
designed to give plant executives specific 
ideas on how they can use self -sticking 
industrial tapes in a wide range of ap- 
plications Chicago Show Printing 
Company, 2635 North Kildare Avenue, 
Chicago 39, Illinois, — Gratis 
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Onr Book Corner 

THE BOOK DEPARTMENT of Scientific American U conducted* with the 
co-operation ol the Editors* to make orailoble lor you a comprehentlTO 
book senrice, Eoch month the Editors select and review in these columns 
new books in a wide romge ol scientific and technical fields. In addition* 
they ore reody at all times to advise you regording the best available 
books on any subject. You ore invited to use this service Ireely. Tell our 
Book Department what kind ol books you want and you will be himished 
with the names ol ovoilable books* including prices. When Inquiring 
obout books* please be speciiici remember that we con be ol the greatest 
help only when you tell us Just what you are looking lor. Books listed 
in these columns moy be ordered Irom our Book Department. Add 25 
cents per book lor mailing outaide U. S. 

TO MAKE CERTAIN thot books ordered by or lor men in the Army, 
located in the United Stotes. or men in the Navy* Marines* or Const 
Guord* located anywhere* will be delivered* insuronce lees should be 
sent with orders* as loUows. To $5 in value* 10< odditional* Irom $5 to 
$25* 20<; Irom $25 to $50* 30^ 


RADIO'S 100 MEN 
OF SCIENCE 

By Ornn E Dunlap, Jr 

■Trom 640 bc to 1908 (by birth dates 

■ of the selected 100) a survey is pre- 
sented of the beginnings, progress, and 
present-day status of radio communica- 
tion and some of its allied sciences 
Mr Dunlap has done an excellent piece 
of work in presenting these mdividual 
biographies as a series of personal 
stones intertwined with the steady 
progress of science Despite the wealth 
of human interest in these pages, there 
IS no lack of factual source-matenal for 
use as reference Incidentally, 45 of the 
scientists selected for this volume are 
still living and actively engaged in 
the development of radio (294 pages, 6 
by 9 inches, portraits of virtually all 
of the scientists listed ) — $3 60 postpaid 
—A PJ> 

THE ABC OF PHYSICS 

By Jerome S A^eyer 

pHYsics means work, but this author 

■ has subtracted from it as much 
work as is possible by avoiding techni- 
cal language and explaining in read- 
able, plain language as much of the sub- 
ject as the average person not planning 
to become a professional scientist or 
engineer would be likely to wish to 
know without wading in all over It 
isn't a juvemle book but Is for adults 
who never took a formal course m 
physics Since many who have done so 
may have forgotten much that they 
learned, anyway, a reading of this pleas- 
ant book would bring its owner within 
about two shouts and a homblow of 
the level to which they have slipped 
(348 pages, 5% by 8 inches, 174 illus- 
trations )— $3 60 postpaid —A G J. 

FATS AND OILS 

By H. G. Ktrschenbauer 

To COVER completely the chemistry and 

■ technology of oils, fats, and waxes 
would require an encyclopedia, which 
this little volume decidedly is not How- 
ever, the busy technologist requires 
a condensed summary of ^e field for 
frequent ready reference and this book 
serves that purpose admirably It pro- 


vides not only an immense amount of 
information in quickly useful form, but 
also contains a copious bibliography of 
the field, complete with references to 
recent journal articles as well as re- 
cently published books The material is 
well arranged and accurate in detail 
(154 pages, 6 by 9% inches, 18 illus- 
trations ) — $2 85 postpaid — D H K 

GLIDING AND SOARING 

By John Paul Andrews 

G liding as a sport, as an introduction 
to powered flight, and as an educa- 
tional project has much to recommend 
It This practical approach to gliding 
includes a brief survey of simple aero 
d 3 nniamics plus elementary instruction in 
building and flying gliders Instruments 
and instrument flying are adequately 
covered and a whole section is devoted 
to glider clubs and their value in the 
promotion of the general subject of 
gliding (190 pages, 7 by 10 mches, pro- 
fusely illustrated with historical and 
modem photographs ) — $2 85 postpaid — 
APP 

COMBAT IN THE AIR 

By Maude Owens Walters 

T his is a collection of stories of the 
most exciting and danng adventures 
in aerial combat during World War II 
The chapters are individual, first-hand 
accounts by pilots, war correspondents, 
and others who have been there and 
seen what it is all about The selection is 
extremely diversified (275 pages, 5^ 
by 8 inches)— $285 postpaid— APP 

THE ART OF RESUSCITATION 

By Paluel J, Flagg, M D 

■foR THOSE who wish to know and 
■ understand fully both the science 
and actual practice of resuscitation in 
all its aspects, this work by the Chair- 
man of Ae Committee on Asphyxia of 
the American Medical Association 
should prove to be a mine of practical 
information — and the book is intensely 
practical Whoever in a shop or indus- 
try is responsible for resuscitation will 
find this new book a **must " In a fore- 
word the famous Dr Chevalier Jackson 
says to the author, **You have a happy j 


ON TECHNICAL BOOKS 

Qucoitities Limited 
Order Now 


Iille Author 

Ongmal 

Price 

NOW 

Bakir wders 

Mendelsohn 

$4 00 

$2 50 

Hair Dyes 8C Hair Dyeing 
Red grove 

5 00 

2 50 

Chemical French 

Dolt 

4 00 

2 00 

Plant Growth Substances 

Nicol 

2 00 

1 23 

White Shoe Dressings and Cleaners 
W D John 1 75 

1 00 

Chromosomes 

White 

1 50 

1 00 

Chemical Species 

Timmermans 

4 00 

2 00 

Private Generating Plant 

Proton 

2 50 

1 75 

Roof Construction 8C Repair 

Molloy 

2 50 

1 75 

Dictionary of Metals 8C Alloyi 
Camm 

1 

3 00 

1 75 

Superheat Manual 

Camm 

2 50 

1 75 


Wireless Coils, Chokes 8C Transformers 


Camm 2 50 

1 75 

Book of Garden Improvements 

Brett 2 50 

1 25 

Manual of Endocrine Therapy 

Cinbarg 3 25 

2 00 

Milling Practice 

Molloy 2 00 

1 00 

Plastic Molding 

Dearie 4 00 

2 00 

Tropical Fruits 

Sulch Dval 2 75 

1 75 

Welding 8C Metal Cutting 

Molloy 2 50 

1 75 

Engineers Manual 

Camm 2 50 

1 50 

Rancidity in Edible Fats 

G H f.^a 4 00 

2 50 

Casein 8C Its Uses 

H Hadert 3 00 

1 50 

Utilization of Fats 

H K Dean 6 00 

3 50 

Strom berg Injection Carburetor 

Fithar 2 50 

1 75 

Structure of Metals 8C Alloys 

W Huma*Rothexy 2 00 

1 25 

Reinforced Concrete Construction 
Cantell 3 00 

1 50 

Elementary Mathematics for Engineers 

Fleming 2 50 

1 50 

Press Tools 

Molloy 2 50 

1 75 

Handbook For Chemical Patents 

B Thomas 4 00 

2 75 

Jigs, Tools dC Fixtures 

Galas 4 00 

2 00 

Methods dC Analysis of Coal dC Coke 

1 50 

1 00 

Aviation Instrument Manual 

3 00 

3 00 

Wiring Circuits 

Stuart 2 30 

1 50 

Modern Oil Engine Practice 

E hdolloy 3 00 

3 00 


(To abovo pnc«a add 10 cantt dotnaatlc pottaga 
for aach book For foreign portage add 39 cents 
for each book ) 
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UIHflTiHOULDC 
VOU INVINT1 

Our FREE BOOK tells joa wb»t 
day’s mvcntivc market want#— how tol 
put down, patent and sell your ideas ' 
Stores of letters in our files attest to 
the modern demand for inventions— 
our long experience as Registered Pat 
cnt Attorneys will help you Get our 
FREE BOOK, ‘‘How to Protect, Fi 
nance and Sell Your Invention *’ Also 
special document free, *‘Inventioa Rec 
ord" on which to sketch and describe 
your invention Wntetoday Noobligation 


toM 

IS ■ 

to M 

It 

ur 

■HU 


IMcMORROW & BERMAN 

Potent Attorneys 

175-Z Atlantic Bldg , Washington 4, D C 

POLAROID OPTICAL RINQ SIOHT 

(Plan^-ParalM Jtsd Filter, tfla tneladetfj 

Unique opportunity to ob- ( e»e am 
tain this Rifle or Shot-Oun $4i00 

‘Of P.rc«l Port PM- 
Telesoops or Camera paid Fitsst ro« 

Oenarol Catalog Jf4 mil with ordor 

HARRY ROSS umiudjaugau aJ 

Scisntidc & Laboratory Apparatus 
70 W Broadway. New York 7. N Y 


TELESCOPE 

FOR SALE 

Mog«y c«Je«tial Equatorial Model B 240, 4** I 

leaf (56X - 224X), 4 
Pre wer 

eyepieces Cost ^675 

Bid* invited I 

LT. P. B. 

STREET 

Dock #5, NAS - 

Lokehuref, N J 


ACHROMATIC OBJECTIVES 

36mm Diameter 182mm Focal Leofth Price $2 00 
l«mm 96mm ' ^ 2 00 

30mm &0mm ' * *' 1 00 

rx2'' Pyrex Optical Flat. M wave * 5 00 

Front aurtace mirrors 1%" x 2-5/ IC* ” 2 00 

Send for free List 

MAYFLOR PRODUCTS CORP , Kotonoh, N Y 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

If now in UM by mote 
of thf Polled Departtnentf in tht 
United States. It la also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require* 
ments. 

The only book based on the Henry 
System IS Frederick Kuhne’s 

**7HE FINGER PRINT 
INSTRUCTOR” 

In this 182*page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identificatioflu Numerous 
photographs and reproductions of 
prints make all detafls claar. 

Used by many governmental and 
industrial personnel departments 
and by the FJIJ. 

fi.25 postpaid 

Ortftr From SCIEEVlFlO AMERieAN 
24 Wn! 40«Ii Stroot, Now York It, N. Y. 


way of presenting things that will at- 
tract many a reader** The coverage is 
all-aro\md carbon monoxide poisoning, 
submersion, electrocution, gases, and 
others, and many suirotmding and ap- 
pertaining subjects are treated for read- 
ing, study, and reference (453 pages, 
6 by 9 inches, 145 illustrations )•— $5 10 
postpaid. — A G I 

PILE-DRIYING HANDBOOK 

By Robert D Chellis 

C oncrete, fundamental, specific infor- 
mation IS given here for use in 
desigmng and driving pile foundations 
The practical as well as theoretical fac- 
tors mvolved are discussed with a view 
to establishing a reasonably uniform 
method of handling actual pile -founda- 
tion problems (276 pages, 5V^ by 8 
mches, a number of drawings and 
photographs ) — $4 60 postpaid — AP P 

MERCHANT FLEETS 

By Crifchell Rimington 

A n excellent reference book on a 
subject destined to attain consider- 
able national attention at war’s end 
More than 325 representative ships — 
liners, cargo and refrigerator vessels, 
tankers, and so on — of the world’s lead- 
ing maritime nations are illustrated, 
with basic specifications Wartime mer- 
chant shipping, tonnage, sea routes, 
merchant ship types, design, mainte- 
nance, and conversion, the Maritime 
Commission program, training of men 
for merchant marine, and glossary of 
shippmg terms, abbreviations, and house 
flags comprise this survey on merchant 
fleets of the world (294 pages, 6Vfe by 
8V^ inches, profusely illustrated) — 
$410 postpaid — ADR, IV 

BOYS BOOK OF MODEL BOATS 

By Raymond F Yates 

N ot only boys, but men as well, fol- 
low the absorbing hobby of build- 
ing and operating model power boats 
This book gives specific directions for 
constructing all t^es of such boats, 
operated by all kmds of power — ^rubber 
band, gasoline, steam, and electric 
engines (274 pages, 5^/^ by 7^ inches, 
180 illustrations) — $210 postpaid — 
APP 

PHYSICS OF THE 20th CENTURY 

By Pascual Jordan 

T ranslation of a Grennan critical anal- 
ysis of modem physics, published 
and distributed in the public interest 
by authority of the Alien Property Cus- 
todian. Not elementary, this discussion 
assumes that the reader is already con- 
versant with trends m physical thought 
and philosophy. (185 pages, 5^ by BV^ 
Inches, unillustrated 10 postpaid — 
AGi 

NATURAL HISTORY 
WITH A CAMERA 

By L W. Brownell 

» Y PLACXNO main emphasis on the at- 
btainment of a working knowledge 
of the habits of wifd things, with the 


actual photographic technique sub- 
servient to an acquaintanceship with 
natural history, the author has prepared 
a book which will lead the fairly pro- 
ficient photographer into a new and in- 
tensely interesting world to conquer 
with his lens The content is divided 
into the months of the year — a logical 
division for the work to be done. One 
chapter is devoted specifically to equip- 
ment. A lavish use of photographic 
reproductions gives the key to pos- 
sibilities (292 pages, 7 by 10 inches ) — 
$3 85 postpaid — A P P 

WINNING SAILBOAT RACES 

By Harvey Flint 

S uccess in racing sailing craft, like 
success in anything else, can be at- 
tained by mmding a great many little 
things, according to Harvey Flint He 
should know, winning sailing races 
has been a habit with him for a long 
tune This little book tells how the 
habit became established and, what is 
more important, describes the details 
that make up the habit for the benefit 
of anyone bent upon acquiring it A 
“must” for the racing sailor (72 pages, 
6 by 9V4 inches, illustrated with 16 
photographs and many drawings) — 
$2 10 postpaid — D H K 

WOODCOCK 

By John Alden Knight 

T his treatise on the still mysterious 
“timber-doodle,” by a veteran 
hunter and writer on many outdoor 
subjects, will enthrall nature lovers and 
prove invaluable to woodcock hunters 
The bird’s life cycle, feeding habits, 
migration and flyways, wintering 
grounds, mating activity, and growth 
of young are fully covered Likewise, 
there is a splendid amount of hunting 
lore types of cover, effects of season 
and weather, traming woodcock dogs, 
shells and loads, guns, clothing and so on 
Five excellent color plates from pamt- 
ings by Dr Edgar Burke, plus 11 fine 
photographs, illustrate the book (164 
pages, 5^ by 8 inches, index) — $410 
postpaid — A DR , IV 

OCCUPATIONAL ACCIDENT 
PREVENTION 

By Harry H. Judson and 
James M Brown 

D rawing upon notes prepared while 
conducting courses in industrial 
safety engineering, the authors have 
complied a textbook which should 
serve as a complete reference manual 
for anyone concerned with occupational 
safety Particular stress is laid upon 
the fundamentals of accident preven- 
tion, with the avowed intention of 
showing specifically how to attain free- 
dom from accidents in various phases 
of mdustry. The sections, divided into 
chapters, cover Improvement of Work 
Procedures; Improvement of Plant; 
Safety Activities Appendices give 
American Standard Method of Compil- 
ing Industrial Injury Rates and a list 
of sound slide films (234 pages, 6 by 9 
inches, unillustrated, completely in- 
dexed) --$2. 85 postpaid.— A J>i> 
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Teloscoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

Editor of tho Saontlllc Amoricon books ''Amotour Tolotcepo Moklng^' 
ond '^Amotour Toloscopo Making^Advcuicod'' 


R eaders of this department will recall 
a discussion of air currents in re- 
flector tubes, by F N Hibbard, of 
Richmond, Virgmia, m the January 
1944 number The followmg discussion 
of this subject is by £ K White, Chap- 
man Camp, British Columbia, and is 
reprinted from The Journal of the Royal 
Society of Canada, Toronto, Ontario 

41 Presented m this article are the re- 
■ suits obtained from experiments 
made with an electric fan forcing a 
current of air mto the metal tube of a 
Newtonian reflector 
“The telescope is of 9" aperture, and 
100" focal length, and is used cluefly 
for the study of lunar and planetary 
detail The tube is of iron, 10" m di- 
ameter and 104" long There are no 
ventilation holes m the tube, save for 
a narrow space between the wall of 
the lower end of the tube and the 
mirror cell When not in use the in- 
strument IS housed in a roll-off wooden 
shelter 

“It IS well known that many observers 
are of the opimon that closed metal, and 
even closed wooden, tubes have a detri- 
mental effect on the seeing, the reason 
being assigned to the presence of air 
currents within the tube of a different 
temperature from tliat of the outside 
surrounding air Possibly the best 
remedy is an open skeleton-type tube, 
similar to those of the large reflectors 
However, one hvmg in a damp climate, 
as prevails m most of southern British 
Columbia, will have severe dewing and 
frostmg conditions to contend with xm- 
less the mirror is removed to the house 
when not m use, and this method is 
bad for the silver film The closed tube 
insures freedom from dewing of the 
mirror and prevents trouble from stray 
light, also, it aids m keeping the mirror 
free of frost crystals in wmter 
“The late W H Pickering, (‘Ama- 
teur Telescope Making — Advanced,* 
pages 610-612), well known lunar and 
planetary observer, claimed greatly im- 
proved seeing with closed tube re- 
flectors by forcmg a stream of air 
through the tube, introducing it by 
means of a small fan near the mirror’s 
surface, and expelling it out of* the 
open end Here is movement of air 
withm the tube, but of the same tem- 
perature as that outside In other words, 
the troublesome warmer or colder air 
in the tube is displaced by outside air 
Of course, the fan must be kept running 
as long as observations are made 
“By way of experiment, a round hole 
5" m diameter was cut in the lower 
wall of the tube, just above the surface 
of the mirror This is covered by a 


metal hinged door, having a close-fit- 
ting felt gasket A 5" electric fan was 
obtamed and experiments started 
“At the beginmng of observations the 
extra-focal rings of a bright star, usu- 
ally Polaris, were noted Immediately 
the tube door was opened these rmgs 
became much distorted and unsteady 
When the fan was started the rmgs be- 
came circular agam and steadier, but 
they always showed a rapid rotation 
in the direction of the fan blades With 
the fan runmng, thw rings were defi- 
mtely steadier than when the fan was 
off but the door open 
“The definition of detail on the moon 
and the planets Saturn and Jupiter was 
studied, with and without the fan, m 
all conditions of seeing the skies af- 
forded It was impossible to note any 
improvement with the fan on these ob- 
jects, when the seeing was between 
0-4 (scale of seeing objects devised by 
W H Pickering — 0 very poor, 10 ex- 
cellent) However, on a few occasions 
when seemg was estimated to be from 
5-7, a very slight improvement m defi- 
mtion seemed certain when using the 
fan The floor of the lunar crater Plato 
imder oblique lightmg was used as 
a test, and on good mghts from two to 
four craterlets could be seen as such 
With the fan running, these marks 
were steadier although no more fine de- 
tails could be seen than before No fur- 
ther detail could be seen on the planets 
mentioned, simply a steadymg of the 
difficult marks seen without the fan No 
improvement could be noted in the re- 
solving of close double stars m any 
condition of seemg, but httle time was 
spent with this particular mvestigation 
“The fan must be mounted on an 
adjustable stand, and not attached to 
the tube, so as not to set up any vibra- 
tions m the instrument The blades 
should be kept close to the tube open- 
mg, m order to have a maximum cur- 
rent of air flowmg through it These 
requirements mtroduced some mcon- 
vemence in any careful observmg pro- 
gram by necessitating rather frequent 
adjustments of the fan as the drive 
carries the long tube forward 
“From results so far obtained, with 
the exception of rare nights when see- 
ing is quite good, the use of a fan is 
not considered worth while as a meas- 
ure to improve definition While it is 
known that other observers than W H 
Pickering have claimed that the use 
of a fan gives marked improvement m 
definition, I have unfortunately been 
able to find little published of their 
findings, or methods Further experi- 
ments with a fan are being continued 
at this station*’ 


T he following is the remauung part 
of an article begun last month by 
Daniel £ McGuire, on the use and 
technique of scotch-tape spacers for 
speeding up the previously tedious task 
of testing optical surfaces by means of 
mterference fringes 
The collimating lens system can be 
computed by graphic ray tracing This 
IS done for a zone about 90 percent 
of the way from center to edge of the 
test plate surface This zone focuses to 
the center of the smallest circle of con- 
fusion m the image formed at the view- 
mg distance The single surface col- 
limator IS easiest to compute by graphic 
lay tracing (Figure 3) It is much more 
dihicult to determine the amount of 
curvature required tor the two lens col- 
limating system, especialiy when both 
curved surlaces are required to have 
equal radii m order to smipliiy tool 
making 

The designing may be simplified by 
selecting a curvatuie for the back of 
the test plate whicli deviates the ray 
thiough approxmiately one third of the 
angle required to focus to the eye posi- 
tion The flat suiface of the auxihary 
lens further deviates this ray The last 
step IS that of finding the radius re- 
quired m the third surface to deviate 
the ray still farther, so that it crosses 
the optical axis at the required view- 
mg distance In the fiist and third 
steps, an unknown curvature is deter- 
mined by means of a known mdex of 
glass and a known deviation In the 
second step, an unknown deviation is 
detemuned by means of a known mdex 
and curvature (or flatness) of the glass 
Only the first step is used with the 
simpler system. 

The two diagrams m Figure 3 show 
how to determme the radius of the 
smgle surface collimator The test plate 
curvature is mdicated by Ri The clear 
apeiture falls withm the dotted Ime, 
and the 90 percent zone is used m the 
calculation. The radial line passing 
through the 90 percent zone locates 
point P laterally, but its longitudinal 
position is judged according to the re- 
quired thickness of the glass at this 
zone PE crosses the axis at the eye 
position E Points A and B are dis- 
tant from P m the same ratio as the 
refractive mdex of glass and of air The 
mdex in this case is 1 52, so PA equals 
1 52 tunes PB Lme CD is made paral- 
lel to AB, passing through point P 
The center of curvature of the collimat- 
ing surface, R 2 , is found where line 
CD crosses the optical axis 
The concave test plate (Figure 3, left) 
nearly exceeds the limit of curvature 
for a single surface collimatmg system 
Spherical aberration is much reduced 
by using an auxiliary lens 
The convex auxillaj*y lens must be 
made larger m diameter in order to m- 
clude the margmal rays In Figure 4, 
the auxiliary lens is too small to 
illuminate the margin of the test plate; 
but it IS advisable to make the test 
plate oversized, with illumination over 
the needed area In this way, a turned- 
down edge on the test plate can do 
no harm, it is masked off, mvisible 
The convex test plate is well vnthin 
the limit of practical design 'Vpien it 
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18 necessary to add an auxiliary lens, 
It 18 made still smaller m clear aper- 
ture at its back surface to keep its 
edge thickness to a mmimum. Its plane 
surface rests upon the flat area sur- 
rounding the first collimatmg surface, 
with the concave side toward the eye 
The same rule can be applied, regain- 
ing the use of an oversized test plate, 
to exclude from vision an imperfect 
margm of the surface 
The 100 percent zone is at the edge 



of the required diameter of test plate 
surface An additional 5 percent can 
be added to the diameter of the polished 
surface to simplify the making of a 
perfect surface within the used area 
Ray tracing the 100 percent zone shows 
the required boundaries of collimating 
lens surfaces* 

For a further study of graphic ray 
tracing through a number of surfaces, 
see Martin’s “Applied Optics,” Vol I, 
Figure 7 

When designing collimating test 
plates, it is not desirable to have nor- 
mal mcidence for the margmal rays 
on any of the collimating surfaces An 
optical flat, having a plane-parallel back 
surface, needs an auxiliary lens to col- 
limate the light, but the light reflected 
from the back surface is focused at the 
eye position the same as the light used 



m the mirror, since the work is mter- 
preted as though looking down from 
above. Top, bottom, left, an4 right are 
in their respective places. This method 
elimmates handling the test plate for 
each test. Only the work is touched, 
and for a very short period per piece, 
and thus thermal effects are negligible 
Some 300 to 400 surfaces an hour may 
be tested. 

The test, as shown in Figure 2, re- 
quires handling of the test plates, but 
cells of heat-insulating material are 
used to guard against thermal effects 
Thin edged, convex lenses are difficult 
to test with the arrangement in Fig- 
ure 1 In Figure 2 they are placed on a 
padded rmg, with the test plate on top, 
while looking down through the beam 
splitter 

With sufficient clearance between 
beam splitter and table, multiple blocks 
of lenses are tested, as shown in Fig- 
ure 5 The lenses in the outer row are 
viewed m turn by rotatmg the block 
upon a fixed axis that is set at the 
proper angle The block is set with 
axis comcident with that of the light 
for testmg the center lens, or at a slight 
angle for an inner row of lenses 



Figure 4 The test-plate cell 

m testing This fogging of the fringe 
pattern can be reduced by a non-re- 
fiective coating on the back surface 
of the test plate Non-reflective coat- 
ings on all collimating surfaces iiTq>rove 
the test when extraneous light from 
the room is reflected in the surfaces 
Reflection of the li^t source m the 
center of uncoated collimatmg lenses 
is not objectionable 
There are two methods of using the 
test plates Figure 1 shows how fin- 
ished work, or sixigla surface work in 
process of polishing, may be tested It 
is practical only w^Lsre the work is 
easily handled by edges, or by an 
attachment The work is viewed in 
ti. j mirror below. Jlothing is reversed 


In order to simplify the drawing, 
Figure 5, the tool shank is made longer 
than It ordinarily is A shorter shank 
requires a convex block holder to fit 
roughly into the hollow, curved back of 
the blocking tooL Tapered holes are 
bored at the proper places, similar to 
those shown in the flat sided block 
holder 

A concave block of lenses requires a 
concave block holder, or simply a hol- 
low arch, with holes bored at the proper 
places to line up the various rows of 
lenses with the axis of the light source 
Blocks of flat work are held in place 
by any one of a number of adapters, 
all of which are mounted on a flat 
plate. Small, light-weight work is eas- 
ily supported in one hand while mak- 
ing the test 

Air-spaced test plates are not en- 
tirely new, although the writer may 
have some original ideas. These, or 
similar, methods are bemg used in some 
optical shops— just how many and in 
what circumstances Is not known. 
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HAIL SPEED — “The first famous record of engme 999 was 
made May 9, 1893, haulmg 362,000 pounds of cars and pas- 
sengers, the engine and tender weighing 204,000 pounds, the 
total weight of tram being 283 short tons This train ran on 
that trip 69 miles in 68 minutes, and during this part of the 
run made 5 miles in 2^ nunutes, or at the rate of 85 7 miles 
an hour on a descending grade of about 20 feet per mile Dur- 
ing the same run one mile was made in 35 seconds, or at the 
rate of 102A miles an hour The speed was taken between 
miles posts with a stop watch by the conductor of the train ** 

MILLSTONES — “Rock emery forms, as would be expected, 
one of the hardest, strongest and most cutting and durable 
millstones Rock emery millstones are also but a trifle more 
expensive than the best French buhrs, which is a point in 
their favor Rock emery millstones not only displace the 
French buhr, but also the expensive iron mills recently in- 
troduced, which cost from three to five times as much as 
rock emery nulls, and do less work and of an inferior quality “ 

EUCALYPTUS — “The eucalyptus tree promises to become in 
time almost as useful to Califorma as the bamboo is to 
Japan and China It has the advantage of requiring little 
or no attention and of growing with astonishmg rapidity . . 
The wood brmgs a good price when sold for fuel and It is 
generally acknowledged to have, besides, many valuable 
medicin^ qualities The eucalyptus is also extensively used 
to form a windbreak about Californian gardens and orchards ** 

ARGON — “Thursday, January 31, was an eventful day in 
the history of the Royal Society Lord Rayleigh startled 
the world by announcing the discovery of a new constituent 
of the atmosphere . The new gas is called ‘argon’, and, so 
far as is at present known, it stands entirely unrelated to 
any other substance in nature Its solubility in water is 
2^ times as great as that of mtrogen Examined by the 
spectroscope, it shows that it has two distinct spectra like 
nitrogen itself, but while the nitrogen spectra are of differ- 
ent characters, those of ‘argon’ are of the same type ’’ 

GAGE — “Both pomters of a gage indicatmg pressure and 
and temperature are designed to move in unison as long 
as the boiler is working under normal conditions, the heat 
indicator hand travelmg faster than the pressure gage hand 
when an abnormal increase of heat takes place in the boiler, 
an alarm being at the same time sounded ’* 

TESLA — “The attention of the scientific world first centered 
upon Tesla in 1887 through his invention of the rotating mag- 
netic field for the economic transmission of power It is 
believed that Mr Tesla’s experiments were made with a 
view to saving at least one-third of the energy now wasted 
m electric lighting He is at present controlling electrical 
engineer of the Niagara Falls Power Company,’’ 

GASOLINE — ‘The word gasoline suggests danger in the 
minds of many It is nevertheless a fact that fewer accidents 
occur with gasoline engines than with steam power The 
very fact that insurance rates are considerably less where 
gasolme engines are used is evidence that ^ey are less 
dangerous It has l^n but a few years since this type of 
engine was built iii small sizes only, and were not intended 
to drive machfiieiy of any great magniti d4 At the present 
time, lioWever, the^^ ere built m sizes oonsiderably larger 
ijian lOD horse power " 


SYNTHETIC CHEMISTRY — “A strange conflict is going on just 
now between nature and science. The field of battle is m the 
chemical laboratory. Chemistry is making advances along 
new lines, and products are being obtained by artifice whic^ 
hitherto have only been known as those of nature. Thb is 
,the field of synthetic chemistry Whereas, imtil recently, 
chemists have occupied themselves almost wholly with 
the processes of analysis — that is to say, the taking of thmgs 
apart— now they are trymg to put elements together so as to 
imitate natural compoimds” 

PLATE GLASS — “The manufacture of plate glass has attained 
great development in recent times It is a striking fact that 
a material so easily manipulated as glass in the molten state 
only yields its finest product, plate glass, to the operations 



of slow mechanical grinding and polishing The Pittsburgh 
Plate Glass Company . stands as a representative American 
manufacturer of plate glass, its works being among the largest 
m the world The material for the plate must be of the 

utmost punty The first operation after the glass is melted 
18 the rolling The rolling table is shown in our illustration 
It has an iron bed and two rollers are arranged to traverse 
its surface The thickness of the glass is regulated by sbrlps 
of iron which run along the edges of the table, on which 
strips the rollers rest The table is mounted on wheels, so that 
it can be drawn on tracks from one part of the glasshouse 
to another A movable crane is shown, which lifts and trans- 
ports the pots of melted glass’’ 

STEAM SHOVEL — “The primary object of the steam shovel 
IS to supersede hand labor in shoveling, but with the advent 
of the steam shovel came mcreased and multiplied oppor- 
tunities for its use, and it is now doing work which by hand 
labor would have been impossible” 

BALLOON FLIGHT — “A remarkable balloon voyage was made 
in Germany a few weeks ago by Dr A Benson, during which 
the balloon reached a height of 31,496 feet, or nearly six 
miles The balloon was equipped with various instruments 
for making observations, and much of interest was observed 
concerning atmospheric physics” 

COAL — “Coal IS now the great source of power A ton of 
coal represents eight or ten thousand man power hours, and 
perhaps over one thousand horse power hours. It can be 
produced for so small a price that in the regions of its pro- 
duction it IS the smallest element in the expense of power 
production ” 

MACHINE GUN USE — “At a recent meeting in London of 
the Maxim-Nordenfelt Guns and Ammumtion Company 
the chairman. Admiral Sir Edmund Commerell, said their 
0 303 Maxim gun had cut down a tree seventeen inches in 
diameter in one minute This indicates that perhaps the 
machine gun could be used in felling forest trees in place 
of saws and axes While the gun appears to be efficacious on 
seventeen inch trees, probably it would be stuck if directed 
against some of the larger trees, such as those of Wash- 
ington, where a diameter of six feet is not uncommon.” 


A MODERN SYLLOGISM 



And that is the raison d'itre of the Laboratories. 
For the Bell Telephone System, the Laboratories 
carry on research studies in all the sciences and 
development work in all the engineering arts that 
relate to electrical communication. 

For the Western Electric Company, the manufac- 
turing unit of the System, the Laboratories develop 


equipment, prepare specifications for its construc- 
tion, and engage in various engineering activities. 

For the Armed Forces of the United States, under 
contracts of the Western Electric, the Laboratories 
have undertaken more than a thousand develop- 
ment projects — many with spectacular effect upon 
our enemies. 



BELL TELEPHONE LABORATORIES explore and invenf, davtsa and parfatt for our Armod 
Forces of war and for continuod Improvements and economies in tolophono service. 
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America is the land of dreamers and doers, where All America is planning now Dreamers and 

the tomorrows give promise and strength to those doers will be rewarded by many glonous tomor- 

who dare to look ahead, work and have faith rows, a nation grown even greater with ever 

n j j L higher standards of life, comfort and happiness 

Pioneering, expanding and accepting that ^ “ 

which was new and better, ROCK ISLAND ROCK ISLAND LINES, against a backdrop 

Lines has served and grown with Amenca of proud and glonous yesterdays, pledges that it 

We are proud of our 92 years of work and shall take a hand in providing the bnght future 

progress, through peace and war, prosperity and you are hoping for All of us, planning and 

depression always with faith in the future of working together, dreaming and-doing, will prove 

America and its progressive people once more that Amenca can make its dreams 

D 1 If come true 

out yesterday is important only because it 

gave us couiage to plan for our tomorrows. And As yesterday — and today — so tomor^ 

Rock island lines has plans for tomorrow row ROCK ISLAND'S sole purpose is to 
. . interesting and ambitious provide the finest in transportation. 



ROCK ISLAND LINES 
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Ironxido**’* hoad^ the firnt niilrond Irain in PonuHvl^ania Fir»t trip nindo Novenihi r 23, 1832 


On The Railroad Frontier 


from the M ftod-Burnmg hngities of a (.entury 4go /f \ C. B, PK( K 

to the Streamliners of Today ^ the Railroads have 
Served All Industry in Many Ways, Here is the 

i ompari Story of Railroad Progress . , . , , 

fcired const) uction despite its supposed interior durability 

When Robeit L Stevens, president and chief engineer 
of the Camden & Amboy Railroad and Ti ansportation Com- 
pany, went to England in 1830 to buy the locomotive “John 
Bull, he whittled out a section of a lail which would not 
T THF time they wcie first piojected m Aniciica, lail- need chairs to suppoit it This section had an enlarged head 
ways had been in service in England foi about 150 .ind a wide flat base 

years The simple wood lails had been replaced wiUi Because such iron lails were expensive and difficult to se- 
various patterns of cast-iron rails and, in the decade aftei cuie the stiap lail was widely used until the middle 1850s 
1820, rolled wiought-iion lails weie lapidly taking the lead despite its unieliahility in seivice The spikes had a way of 

The English track gage was 4 feet, 8^2 inches This gage woiking out, particularly at the ends which, occasionally, 

pi evaded on the early American railioads, although there would be caught by a wheel and the lail peeled up in a 
were exceptions to it A notable one was the New York & “snakchead ’ which was driven through the car floor, placing 

Erie Railroad, which was originally budt from Piermont, Ihe lives of the passengers in jeopardy 

New York, to Dunkirk, on Lake Erie, with a 6 -foot gage The fust iron rail to be rolled in America was the Evans 
Foi many years the American i ail way system has standard- U-section It was rolled at Frostbuig, Maryland, m 1844, and 

izcd on the 4-foot, S^a-mch gage with the exception of a was laid on the Baltimore & Ohio Railioad 

tew isolated narrow-gage lines In 1845 T-rails were first rolled in the United States at 

In the United States of the early 1800’s theie was a scarcity the Montoui Rolling Mill, budt at Danville, Pennsylvania, 
of iron, while timber was plentiful and cheap Nicholas Wood, to loll rads exclusively Thereafter, facilities for producing 
in his “Piactical Treatise on Rad Roads” (London, 1838), wrought-iron rads multiplied rapidly 
described American track structure as consisting of wood 

rads, laid m parallel trenches filled with broken stone or STEEL RAILS — In 1865 the first steel lads werc rolled in 
gravel on white oak cross-ties, also laid in ballast-filled America at the Chicago Rolling Mill, since then a part of the 
trenches On the top of the wood rad was spiked an iron property of the United States Steel Corporation The first 

plate, cut diagonally at the ends Other early tracks m the commercial order, rolled two years later, marked the be- 

United States were laid with continuous granite sills, instead ginning of the Bessemer era 

of the wood rads and cross-ties The flat iron rads were Steel rads continued to be rolled in the squat form char- 

attached to the tops of the stone sills The wood track proved acteristic of the wrought-iron rad for nearly half a century, 

much faster and cheaper to build and so became the pre- despite the fact that within 10 years this form was known 
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1870 This comprised mechanical lockinj2( of manually op- 
erated switches and signals 

Two other systems have since largely supeiseded the 
mechanical system Electric intei locking, in which the 
switches and signals aie both operated by electnc motors, 
was invented by John B Tayloi and the first installation 
in the United States was made in 1899 Electro-pneumatic 
interlocking is the invention of George Westinghouse In 
this system the source of powei for the movement of switches 
and signals is compiessed an conti oiled by electrically 
operated solenoid valves 

THE STEAM LOCOMOTIVE -The Hack stiuctures of the eaily 
American railway were much lighter than those in England 
and the curves were of shorter ladii The foui locomotives 
ordered m England by Horatio Allen for the Delawaie & 
Hudson Canal & Banking Company in 1828 were too heavy 
lor the road and only one of them, the “Stourbridge Lion,” 
was ever set up It was the first locomotive to run on rails in 
America, but its trial demonstrated its impiacticability 

The West Point Foundry in New Yoik City had set up the 
Stourbridge Lion in 1829 and thereafter became a builder 
of locomotives The “Best Friend,” credited with being the 
first American -built locomotive to be placed in legular 
service, and anothei locomotive, were built in 1830 for the 
Charleston & Hambuig Railway The “DeWitt Clinton,” for 
the Hudson & Mohawk, was built a year later 

Peter Cooper’s “Tom Thumb” contributed nothing to the 
techmeal development of the locomotive, but it encouiaged 
the directors of the Baltimore & Ohio to continue their 
search for a suitable steam locomotive The “York” (3 Vi 
tons) built by Davis & Gartnei of York, Pennsylvania, met 
the terms of a pii7e contest and was followed by the 
“Atlantic” (6V2 tons) and a whole series of “grasshoppers” 
with upright boilers and gear drives 

None of these locomotives was influenced by the results 
of the Ramhill Tiials held by the Liverpool & Manchester 
in October, 1829 The first American locomotives to include 
the features which caused George Stephenson’s “Rocket” to 
succeed m that famous event were built by Matthias Bald- 
win and William Norns m Philadelphia in 1832 Baldwin’s 
“Old Ironsides” followed closely the characteristics of 
Stephenson’s “Planet” class Unlike the latter, howevei, it 
had outside cylmdeis and lods, instead of the inside cylinders 
driving on cranked axles favored by the Bntish for their 
superior lateral stability 

Other locomotive builders established during the 1830 s 
were Eastwick & Harrison, Philadelphia, The Locks & 
Canals Company of Lowell, Massachusetts Rogeis, Ketchum 
& Grosvenor of Paterson New Jersey, and Isaac Hinckley 
of Boston The Pateison firm was a builder of textile machin- 


eiv until Thomas Rogeis, the active member, was induced to 
manufacture sptings, wheels, and axles foi the Charleston & 
Hambuig by Hoiatlo Allen, its chief engineer This preceded 
by several years the building of the “Sandusky” for the Mad 
River & Lake Ene in 1837 

ENGINE TYPES- Succeeding Phineas Davis of Davis & Gart- 
ner, Ross Winans became the leadei in building locomotives 
foi the Baltimore & Ohio He is famous for two types The 
Mud Diggei” had eight coupled wheels driven by gearing 
from a jack shaft In 1850 he developed the “Camel” type, 
anothei eight-coupled locomotive noted for its unusual 
hicbox for burning bituminous coal Neither type has sur- 
vived 

One of the most impoitant of the early inventions for loco- 
motives was the four-wheel swivel engine tiuck invented 
by John B Jeivis, anothei name made famous by its asso- 
ciation with the Delaware & Hudson Canal & Banking Com- 
pany, who was, in 1831, chief engineer of the Mohawk & 
Hudson It adapted the locomotive to the weak track struc- 
tuie and sharp curves of Ameiica 

Henry R Campbell, chief engineei of the Philadelphia, 
Geiniantown & Norristown, patented an eight- wheel locomo- 
tive with a four-wheel engine liuck and four connected 
drivers and Eastwick & Haiiison built such a locomotive in 
1837 The driving axles weie earned in an equalizing frame 
sepal ate from the mam locomotive frame, equalizing beams 
between the spiings of the two axles were soon substituted 
for the separate frame constiuction This method of adapt- 
ing the locomotive wheels to the irregularities of track sur- 
face has since been a feature of American locomotive con- 
struction 

Matthias Baldwin invented the giound metallic steam- 
pipe joint by which he replaced the canvas and red-lead 
gaskets of the eaily Butish locomotives This permitted him 
to boost steam piessures fiom 60 pounds per square inch 
to 120 pounds 

Thomas Rogeis designed a driving-wheel center with a 
U-section nm He is ci edited with the first effort at counter- 
balancing the wejghts on the ciank pm of the Sandusky He 
substituted the Jink valve motion for the pi'evaihng hook mo- 
tion in 1839 

By 1855 moie than 40 separate plants were engaged in 
building locomotives The major chaiacteiistics of American 
practice were so well established that fiom that time on 
there was less diffeience m the pioducts of the vaiious plants 
than theie were between successive locomotives of the same 
builder during the 1830’s and eaily 40’s 

Since 1860 a great variety of wheel arrangements has been 
developed and there has been a steady increase in locomotive 
weights and capacities At the outset the trend was toward 
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more tractive capacity at slow speeds and relatively little 
attention was paid to the development of sustained high 
tractive force at high speeds. Followmg World War I, the 
demand for faster movement without sacrificing weight of 
train changed the trend toward increased horsepower ca- 
pacity This has led to four- and, m a few cases, six-wheel 
trailer trucks to carry the additional boiler weight required 
The use of double-expansion cylmders was inaugurated in 
1889 By 1900 compounding had reached its peak and rapidly 
recedecL The economy effected was largely a reduction in 
condensation losses With the advent of the superheater, 
condensation losses were practically eliminated in single- 
expansion cylinders 

SUPERHEAT — The practical development of the locomotive 
superheater in America began when the Locomotive Super- 
heater Company was organized m 1910 It acquired several 


just above the grate This device stimulates a rapid backward 
circulation along the bottom of the boiler shell It is credited 
with an mcrease m evaporation and has proved effective 
m preventing dangerous overheatmg of crown sheets under 
some low-water conditions 

A circulator, several of which are placed transversely in 
the firebox, has smce been developed for somewhat the same 
purpose This device draws its water through the side sheets 
of the firebox and delivers water and steam through an 
opening in the center of the crown sheet 

In 1918 an auxiliary steam engine was applied to the 
trailer of a Pacific type locomotive on the New York Central 
to increase traction at starting and slow speeds This device, 
known as the Locomotive Booster, was patented by Howard 
L Ingersoll, assistant to the president of the railroad It 
drives the trailer axle and its controls are interlocked with 
the locomotive throttle 


A three-hopper iron 
coal car equipped 
with Winan’s four- 
wheel trucks. Iron 
cars of two inter- 
secting cylinders 
were first 

built for the B & O 
about 1860 





American and foreign patents and proceeded with the engi- 
neermg development of the fire -tube superheater A high 
percentage of all steam road locomotives are now equipped 
with superheaters which effect economies in fuel consump- 
tion of about 25 percent and reduce water consumption by 
about 30 percent 

A closed-type feedwater heater, the feature of which is 
a high rate of heat transfer, was patented by Luther B 
Lovekin and made available for service in 1916 Two years 
later an open-type feedwater heater was adapted from a 
marine heater by T C McBnde These have subsequently 
been supplemented by the exhaust- steam injector and few 
road locomotives in through service are now without some 
form of feedwater heating From 10 to 13 percent of the heat 
in the fuel is reclaimed by the feedwater heater About 12 
percent of the exhaust steam which is condensed by the 
heater passes into the tank or boiler and increases the ef- 
fective capacity of the tender 

With the development of the wide firebox and mcreasmg 
grate areas the fireman began to limit the capacity of the 
steam locomotive about 1900 Grates much in excess of 45 
to 50 square feet in area were beyond the capacity of a 
single fireman In 1909 an overfeed stoker was developed by 
Clement F Street, and several other stokers came out at 
about that time The Standard stoker, the type which is 
most widely used at present, was first installed in 1913 

Stokers have been applied on locomotives with over 180 
square feet of grate area which arc capable of delivering coal 
to the firebox at the rate of 20 tons an hour 

In 1918 an appliance known as the Nicholson Thermic Sy- 
phon was first installed m the firebox of a Chicago, Milwaukee 
& St Paul locomotive This device replaces the arch tubes by 
which the sectional brick arch is supported and (irovides a 
thin triangular water space which opens through a long slot 
in the crown sheet (the sheet directly over the fire) and 
tapers down to a pipe-like connection to the throat sheet 
(front firebox sheet immediately below the boiler barrel) 


Large steel castings are chai acteristics of the modem steam 
locomotive Fust was the water-bottom tender frame which 
comprises the entire tender underframe and the bottom of 
the water tank, to which the outside tank sheets are at- 
tached either by riveting or welding This was followed 
by the locomotive bed casting which incorporates in a single 
piece of cast steel the entire frame system of the locomotive 
from the front bumper to the rear end, including the steam 
chests, cylinders, and saddle on which the smokebox is 
supported Harry M Pflager, senior vice-president of the 
General Steel Castings Corporation, is credited with the 
development of these large and intricate castings 

LUBRICATION — One of the great changes which has taken 
place in the steam locomotive during the last 25 years is the 
replacement of the long-spout oil can as a source of lubrica- 
tion for most of the running gear and motion work Today, 
the entire chassis is provided either with force-feed oil 
lubrication, hard-grease lubrication, or Alemite lubrication 
which will permit the locomotive to run between terminals 
without attention 

A factoi in increasing the utilization of the steam loco- 
motive and permitting relatively long runs without stops 
is the large tender Twenty-five years ago few tenders 
were built with water capacities of more than 10,000 gallons 
and coal capacities of more than 15 tons Today, locomotives 
are running with 25,000 gallons of water and 30 tons of coal 
On one railroad where water is scooped en route the coal 
pit has a capacity of 43 tons 

ELECTRIFICATION— The principal factors impellmg the in- 
stallation of heavy electric traction are (1) Special operat- 
ing conditions, such as may be encountered on heavy grades, 
in tunnels, and in densely populated districts where smoke 
and gases from steam locomotives are a senous nuisance, 
(2) the need for more intensive road facilities where the 
saturation point is bemg reached on densely trafficked Imes 
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under steam operation and (3), associated with the other 
two, considerations of operatmg economy 

The first heavy electric traction was used to operate 
trains through tunnels without the handicap of combustion 
gases from steam locomotives. Such applications were in 
the Mt Royal tunnel of the Baltimore & Ohio (1895), the 
St Clair tunnel of the Grand Trunk (now the Canadian 
National) (1908), and the Hoosic tunnel of the Boston & 
Maine (1911) Later applications included the Michigan 
Central tunnel under the Detroit River and that of the 
Canadian National under Mount Royal at Montreal, Quebec. 

The electrification of the New York Central in connec- 
tion with the Grand Central Terminal development went 
into service in 1906 and that of the New York, New Haven 
& Hartford a year later 

The Pennsylvania New York terminal development and 
the Long Island followed in 1910 Various mileages have 
since been electrified on the Butte, Anaconda & Pacific, 
the Chicago, Milwaukee, St Paul & Pacific, the Norfolk 
& Western, the Virgmian, the Staten Island Imes of the 
Baltimore & Ohio, the Illmois Central, the Great Northern, 
the Reading, the Delaware, Lackawanna it Western, and 
the New York Central West Side Imes in New York City 
With the completion of the Pennsylvania electrification from 
New York to Washington, D C , and Harrisburg, Pennsyl- 
vama, route mileage of electrified line now totals about 2300 

INTERNAL COMBUSTION- -In 1899 a gasolme-engme-driven 
coach was placed m trial service on the Pennsylvama Rail- 
road and the Cleveland, Cincinnati, Chicago & St Loins 
Railway by the Jewett Car Company, Jewett, Ohio. In 
1904 the McKeen mechanical-transmission car was brought 
out and m 1905 a gas-electric system was developed by 
the General Electric Company These engines operated at 
relatively slow crank-shaft speed and the engines and 
electric generators were heavy 

In 1921 began an attempt to adapt the motor-truck chassis 
and engine with a gear-shift transmission for rail operation 
by fitting It with a light coach body This was soon out- 
grown by the demand for larger and more powerful cars. 
By 1928 most of the cars built weighed from 100,000 to 
150,000 poimds, with power plants ranging from 250 to 
over 400 horsepower 

In 1924 a Diesel-electric locomotive developing 300 horse- 
power and weighing 60 tons was built by Ingersoll-Rand 
and General Electric This locomotive demonstrated the 
practicability of a low-capacity power plant, the entire 
horsepower of which, via the electric transmission, can be 
developed at any speed of the locomotive for switching 
service The first locomotive of this type entered regular 
service m 1925 on the Central Railroad of New Jersey 

In 1928 a two-umt 2660 horsepower Diesel-electnc loco- 
motive was built for the Canadian National by the Westing- 
house Electric & Manufacturing Company This locomotive 
was designed for determmmg the utility of the Diesel in 
road service 

The next important step m the adaptation of internal - 
combustion power plants to railroad traction purposes came 
with the development of streamlined light-weight articu- 
lated trains Except for the first aluminum-alloy train for 
the Union Pacific, all these early trains, built for that rail- 
way and the Chicago, Burlington & Quincy during and 
subsequent to 1934, were driven by Electro-Motive Diesel- 
electric power plants At the outset these were installed 


at the front end of the head revenue car. But the length 
and size of the power plant of each successive train in- 
creased and it was not long before the power plant and 
auxiliary equipment fully occupied first one, then two, and 
finally three vehicles Thus, the rail-motor-car power plant 
evolved into a full-fledged passenger locomotive. 

In 1941 the Electro-Motive Division of the General Motors 
Corporation built a four-cab 5400 horsepower freight loco- 
motive for the Atchison, Topeka & Santa Fe Railway These 
locomotives have since been installed on several other 
railroads 

FREIGHT CARS — ^Ross Winans* first interest m railroads was 
as a market for horses When he came to Baltimore in 
1828, railway cars were earned on two axles, without i^rings, 
and the wheels still turned loosely on the axles He in- 
terested himself in improving rolling stock to increase the 
hauling capacity of the horse His first invention, in 1828, 



An early B A O four-wheel freight ear 


was to fix the wheels on the axle and to put bearings on 
the ends of the axle outside the wheels. By 1834 he had 
developed a freight car carried on two four-whed trucks 
It was not adopted rapidly; four-wheel cars were still being 
built in the 1880’s 

By 1832 the need of sprmgs was apparent The chief 
engineer of the Baltimore & Ohio wrote in his report of 
that year that **spnngs would be viewed as an indispensable 
appendage to all cars when steam shall be the power used 
m transit** 

Iron was used very early in the construction of car bodies. 
The Philadelphia A Reading ordered 1000 new iron coal 
cars to be delivered in 1846 Iron hopper cars, gondola cars, 
and box cars were bemg built for the Baltimore & Ohio in 
the early 1860*s 

In 1857 an eastern railroad is said to have had 30 box cars 
fitted with double sides, roofs, and floors, with the mterven- 
ing spaces packed with sawdust This, so far as is known, 
was the first step in the evolution of the refrigerator car 
After 1900 steel rapidly superseded wood as the prmcipal 
material of construction both of freight and passenger cars. 
Six flat cars were built by the Carnegie Steel Company m 
1894 Two years later the Keystone Bridge Company built 
two steel hopper cars of 100,000 pounds capacity each 
These were placed in service on the Pittsburg Bessemer 
& Lake Erie, now the Bessemer & Lake Erie 
During the past 25 years the wood cars of relatively weak 
construction have gradually disappeaied and the railways 
entered World War n with an inventory of freight cars 
of adequate and relatively uniform strength 
The use of hi^-tensile steels and light-weight metals 
as the materials of construction both for freight and pas- 



The first 
steel hopper 
ear, btdh 
in ia96, 
from a photo- 
graph taken 
In 1928 


140 


SCIEMTinC AMERICAR 


MARCH 194S 


senger cars began m 1934 The materials used are stainless 
steel, low-alloy high-tensile steels, and^ strong alloys of 
aluminum Bo^ the stainless and high-teiisile steels possess 
hi^-tensile qualities and resistance to corrosion which 
permit the development of sufficient strength with lighter 
metal sections. The saving of weight in the aluminum con- 
struction results from the light weight of the metal which 
is used in relatively bulky sections. 

In 1934 and 1935, the Baltimore & Ohio Railroad built 
one expenmental hopper car of stainless steel, one of 
alummum alloy, and several of low-aUoy high-tcmsile steel. 
Since then, some 50,000 freight cars of various types have 
been built of the low-alloy high-tensile steel A few ad- 
ditional cars of aluminum alloy have also been built. So 
far, however, stainless steel has been too expensive to be 
attractive for freight-car construction 

PAS8ENGEB CARS — Probably the most comfortable of the 
early coaches were those in which the old Concord stage 
bodies were adapted to the rail by the use of flanged wheels 
Others were simple boxes, some of them mounted on die 
axles without springs and with the simplest of benches 
for the accommodation of passengers Coaches built with 
platforms and end doors, some with essentially the same 
seating arrangement that has since become umversal m 
American practice, were adopted at an early date by the 
Baltimore & Ohio, not, however, without strong opposition 



A modified form of the first (1863) block signal sya* 
tern in America* The oil lamps were raised or lowered 


on the groimd that the center aisle would become one 
elongated spittoon This type became well estabhshed dur- 
ing the 1840*8. 

A spring draft gear, patented by P Alverson, was m 
service in railway carnages on the Hartford & New Haven 
Railroad m 1839 Several types of patented four-wheel 
trucks appeared during the early 40’s and before the end 
of that decade rubber springs were coming into use 

The first use of iron for the complete construction of 
passenger-car bodies was made under a patent granted 
to Dr B. J. LaMothe m 1854. Several of these cars, designed 
to seat 60 persons, were built in a tin shop at Paterson, 
New Jersey. Its destruction by fire at the beginning of the 
Civil War put an end to the enterprise 

Seats with reversible backs were m use during Ihb 50*8 
and this decade was marked by other significant improve- 
ments in the comfort of travel. In 1852 a patent was granted 
to W. L. Boss for a reclining car seat When the l^ck of 
this seat was adjusted to the reclining position, a support 
for the feet and legs of its occupant moved forward from 
under the seat The back was fitt^ with a pillow or cushion 
for the head 


Sleeping-car service of a kmd is said to have been in- 
augurated on the Cumberland Valley Railroad between 
Harrisburg and C!hambersburg in 1836 Seven years later, 
on the New York A Erie, cars vath seats placed back to 
back were in service m which berths could be made up 
at night by the use of the seat cushions 
In 1858 Ceorge M Pullman refitted two coaches for the 
Chicago A Alton with sleeping-car sections, a linen locker, 
and two washrooms Following the incorporation of the 
Pullman Palace Car Company m 1867, the first “hotel car*’ 
was placed m service on the Great Western of Canada, 
now the Canadian National, and the development of dining- 
car service had begun. 

STEEL FOR SAFETY — The railroads which first purchased 
steel coaches, shortly after 1900, made much of the increased 
safety afforded by this type of construction, because of its 
inci eased strength and stiffness in case of derailments or 
other accidents The public thus came to associate safety 



An early car truck using metal and rubber springs 


with steel construction, a fact which helped to hasten the 
retirement of wooden coaches 

The wooden coach, near the peak of its development, 
weighed about 900 potmds per passenger seat Coaches cd 
carbon-steel construction weighed from 1400 to 1700 poimds 
per passenger seat Ultimately, it became evident that wel^t 
alone was no assurance of adequate strength, that each 
pound added to a fast-moving structure, such as a pas- 
senger car, carried the seeds of its own destruction in the 
form of the energy of its motion. 

The use of aluminum in passenger-car construction began 
in 1933 when the Pullman Company and the Pullman Car 
A Manufacturing Company jointly designed and built one 
sleeping car and one coach 

In the following year stainless steel was applied in a high- 
speed articulated motor tram built by the Edward G Budd 
Manufacturing Company for the diicago, Burlington A 
Qumcy, and aluminum alloy in a similar train for the Union 
Pacific, built by the Pullman Car A Manufacturing Com- 
pany Smce that time a large number of light-weight pas- 
senger cars have been built in many of which the low-^oy 
high-tensiie steels have been employed as the material of 
construction Weight reductions approximate one third. 

AIR BRAKES — George Westinghouse’s first patent covered a 
straight-air brake system This was issued in 1869 He 
was granted a patent on an automatic system in 1872. It 
took 15 years for the superiority of the automatic air brake 
to be clearly estabhshed 

The system of differential pressure control of compressed 
air invented by Mr Westin^ouse has proved to be a re- 
markably flexible medium As cars increased in weight, and 
trains in length and speed, shocks caused by the running in 
and out of slack between cars became progressively more 
severe Successive adaptations of the origmal operating 
prmciple have kept the brake abreast of the needs of the 
times m this respect 

The next step in freight brakes will be the load-com- 
pensating brake by which the present inequahties of retard- 
ing force in relation to gross car weight wUl b# ironed out 
This is ready to meet the needs of faster freight trains of 
light-weight cars. 

Likewise, until the HSC. (high-speed control) passenger 
brake was brought out to meet the needs of the streamline 
trains for operation on schedules calling for running at top 
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speeds over 100 miles an hour, the all-pneumatic brake met 
the requirements Because of the value of split seconds 
m stoppmg these fast trains, the new passenger brake 
incorporates electric control of application and release 

COUPLERS AND DRAFT GEARS — Among the developments 
which have been of great sigmficance m keeping rolling 
stock in step with the constantly growing needs of the 
service are automatic couplers and draft gears The first 
standard form of coupler was the link and pm type which 
prevailed for many years Because of the appalling num- 
ber of casualties among trainmen from accidents in coupling 
cars, the Master Car Builders’ Association took up the 
problem of developing some form of interchangeable cou- 
pler As a result, the Janney vertical plane type of coupler 
\vas developed in 1887 as the standard form for freight cars 
Prior to this, the Miller hook type of coupler, more re- 
cently m use on street cars, had been mtroduced and was 
used extensively on railway passenger cars The Janney 
type rapidly superseded it in passengei service At first 
standardized for interchangeability of cars alone, it has 
since been subjected to a vast amount of development work 
resulting in a complete standardization of details revised 
from time to time to meet the changing conditions of service 
The draft gear, by which the buffing and pulling shocks 
on railway rolling stock are cushioned, long consisted of 
coil sprmgs The first patent for a friction draft gear in 
which the coil spring is supplemented by friction elements 
to dissipate a considerable portion of the energy taken up 
by the gear was issued to Geoige Westinghouse in October, 
1888 An early service installation of the Westinghouse 
device was made on Pennsylvania Railroad rolling stock in 
1896 It was not until after the turn of the century, how- 
ever, that the friction geai began to make headway 
Since 1934 all draft gears, befoie they may be offered 
in mterchange, must have been certified by the Association 
of American Railroads as meeting specifications of limiting 
draft-gear characteristics worked out by the Association 
This has brought uniformity of performance out of what 
for many years was an extremely chaotic situation 

ROLLER BEARINGS — Development work on the adaptation of 
roller bearings to the passengei -car truck began on the 
Chicago, Milwaukee, St Paul & Pacific in 1924 and was 
participated in by Hyatt Roller Bearing Company, SKF 



DieMel-eleelrir switching loioniotive, 1925 


Industries, Inc , and Timken Roller Bearing Company This 
lailroad made its fiist installation in 1927 and the use of 
1 oiler bearings on passengei cars developed rapidly there- 
after 

Most of the road steam locomotives built in recent yeais 
have been fitted with roller bearings on all axle journals— 
a factor m increasing leliability and reducing machinery 
maintenance on steam locomotives Acceptance of rollei 
bearings on diiving axle journals was hastened by a demon- 
stiation locomotive placed at the service of the railroads 
by Timken Rollei Bearing Company in 1930 

HEATING AND LIGHTING— The evolution of car heating and 
lighting has tremendously impioved the comfort and safety 
of lailway travel By the early 80’s the entire railway world 
had become aroused to the need of a safer method of heat- 
ing passenger cars than by stoves When wrecks occuried 
fire from the stoves caused much loss of life which other- 
wise would have been avoided The heat distribution was 
also extremely unsatisfactory Many schemes for improving 
both comfort and safety were being tried, among them the 
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'^Centralized Traffic Control system board 
at bnllertottf Caltjorttta, controlling all 
tram operations jor 61 miles of track — one 
of several such installations on the Santa Ft. 


How the Centralized TrafHc Control System is 
speeding shipments to PadHc ports along the Santa Fe 


You’ve seen a miniature railroad controlled by a 
central hoard 

Here you see how traftic is controlled on an impor- 
tant stretch of Santa Fe track in almost the same fashion 

On Santa Fe’s big Centralized Traffic Control boards, 
miles of track are laid out in miniature scale before the 
eyes of the operator Lights show the location of each 
train 

By simply turning a lever, the operator can signal an 
engineer miles away to take his train into a siding to 


clear the track for a train coming from the opposite 
direction 

It eliminates the issuing of train orders, cuts down 
the detention of needed freight cars, and conserves 
manpower and engine power 

It permits a greater use of track and switching facili- 
ties, virtually adding another ’’mainline” to important 
parts of the Santa Fe System 
This efficient ”C T C ” system is just one more step 
Santa Fe is taking to move more vital war freight faster. 
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me of steam from the locomotive By 1890 this method 
was clearly in the ascendancy The development of the 
modem vapor system removed the final hazard from car 
heating, which arose from the use of steam under pressure 
within the cars 

Air conditiomng was first installed in a railway passenger- 
train car by the Pullman Company An ice-cooled sleepmg 
car began regular operation between Chicago and Los An- 
geles m September, 1929 This was followed in 1930 by in- 
stallations m two dining cars, one each on the Baltimore & 
Ohio and the Atchison, Topeka & Santa Fe. The popularity 
of these cars was immediate and the spread of air condi- 
tioning was rapid 

The change m ventilation associated with the sumxner 
cooling aspect of air conditioning has done more to enhance 
the attractiveness of railway travel than the cooling itself 
The umversally used suctioti ventilation system drew great 
quantities of dust mto the car around doors and windows 
With the air-conditioning system, the direction of flow is 
reversed The outward flow of the air thus seals all open- 
ings against the entrance of outdoor dirt 

The systems have also improved the quality of coach 
heating Part of the heat is now transferred to the mcom- 
ing air before it enters the coach space and the regulation 
of the combination of floor heat and overhead heat by 
thermostatic control makes possible a much improved ad- 
justment to the needs of varying weather conditions 

Hie invention of the Pmtsch gas lamp in 1867 led to the 
first major improvement in car lighting. Oil was superseded 
by gas during the 70’s, but the gas held its place imchal- 
lenged for only a few years In the early 80*s began experi- 
ments with the application of electricity to car lighting, first 
with storage batteries and then with head-end power umts 
The Pennsylvania, the Chicago, Milwaukee & St Paul, and 
the Baltimore & Ohio were the pioneers m this develop- 
ment The power reqiured by the carbon-filament lamps, 
however, was too great to make the system attractive until 
after 1900, when improvements m the incandescent lamp 
reduced the demand on batteries and generators, bringing 
die weigni within practicable limitSt From 

dien on the ft^dft-driven generator system come Into 
genenl use. 

Recent improvements m car lightmg, notably the ap- 
plication of fluorescent lamps, have added still further to 
efficiency But the addition of other power-using facilities, 
the largest of which is air conditioning, has stepped up the 
total auxiliary power demand on the modem de luxe pas- 
senger car Where four-kilowatt lighting generators once 
were adequate, 20 kilowatt generators are now in use 
Some of ^ese are driven from the car axle Others are 


being driven independently by propane-gas engmes moimted 
underneath the cars. 

THE OUTLOOE— The physical plant of the railroad has by no 
means attained its ultimate form Among the changes in 
track now under trial are welded rails extending several 
thousand feet without a joint Further modifications of rail 
section are also under consideration. 

To supplement roadside telephone, telegraph, and signals, 
wireless commumcation between the head and rear end of 
moving trains and between the moving train and the road- 
side IS under development. 

New types of motive power, under discussion for some 
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In 1860 the first railway mail car was placed in service 


time, mclude the steam turbine locomotive, one of which 
has been built for the Pennsylvania Railroad, and the gas- 
turbine locomotive The early trials of poppet valves prom- 
ise significant improvement m capacity and steam economy 
of conventional steam locomotives More than one railroad 
IS anxiously gwaitmg the opportumty to build all-welded 
locomotive boilers as soon as war-time restrictions will permit 
Roller bearings on the crank pins and in the crossheads 
of steam locomotives have made a good start. War-time 
metallurgical advances promise new materials for locomotive 
boilers, as well as for forged parts 
The car truck, both passenger and freight, is in for a 
considerable overhauling in the interests of better riding at 
higher speeds In passenger service the tightlock coupler 
is gaining ground and may, in time, replace the present 
free vertical plane type 
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EM6INEEBIN6 Conducted by EDWIN LAIRD CADY 


Weather-Proof Revolution 


Our Armed Forces Needed Contaiuers Thai Could Withsiand Immorsion la 
Salt Water and Pats Unscathed Through the Rongh-and-Tumble ol Battle. 
To Meet This Need the Industry Pooled its Knowledge and Trade Secrets 
The New Weather-Prooi Pachaging Will Have Many Uses Aber the War 


T HERi! IS a 1 evolution coming in the 
packaging and shipping methods 
of thousands of products which travel 
via railroads, steamships, trucks, and 
an planes The change will come be 
cause fiber-board containers -both 
solid and corrugated types — do not have 
to be kept perfectly diy any more 
The V-Boaid weather-pioof fibei- 
board container has solved the damp- 
ness problem, and m a great big way 
Right now, nobody knows more than 
a tiny fraction of what the possibili- 
ties of this containei are It was devel- 
oped for the emergencies of tossing 
cartons of war goods into the suif while 
landing optiations were going on under 
fire, and for stacking goods out in the 
open on tropical islands foi weeks and 
weeks wheie the rainfall is more than 
ten feet a yeai And the aimed foiccs 
are taking as much of this packaging 
material as can be made 
But shippers and containei makei's, 
looking ahead see the reduction or 
elimination of tioubles which have 
be-dcviled them for yeais To under- 
stand what they see, it is necessary to 
look back at the brief history of the 
V Board 

The layman sees fiber-board con- 
tainers in evciy gioceiy store, and 
they all look alike to him There is, 
however, many a secret kink and quiik 
to the making of them, many a foimula 
which is kept locked away in a good 
strong safe And these secrets are not 
the simple bits of lore with which a 
watchmaker might manipulate tiny 
metal parts, they are the kinds which 
apply to huge and slow moving ma- 
chines, vast tonnages of raw materials, 
enormous investments of working capi- 
tal 

For 30 years every large maker of 
containers tried to solve the weather 
resistance problem Naturally, each ap- 
plied all his secret methods and every 
bit of knowledge he could gain from 
the outside The stakes were huge 
Getting the right answer would have 
given leadership of the industry to any 
company But no one hit the jack pot 

POOLING KNOWLEDGE— When war 
needs demanded a weather-proof con- 
tainer^ these manufacturers got to- 
gether to exchange Information They 


were willing to lay all their facts on 
a common table and to pool then- 
patents And the facts proved to be 
enough A fiber container could be 
made which would not be destroyed 
by 24 hours of immersion 

Fust came the solid fiber box Here 
the hard problem was to seal the edges 
of tile board. Plastics licked that one 

The corrugated box was haider At 
every area where the coirugated inner 
sheet touches the outer or inner wall, 
glue must be applied The manufac 
tureis had to find a glue which would 
continue to hold altliough the spaces 
between the corrugations were filled 
with water and kept that way for 24 
hours By co-operative action they 
found one 

Pioduction got under way, and 
eveiy thing looked good But there was 
trouble to be expected It would come 
from those secret methods The kinks 
and cjuirks m use m one plant were 
bound to turn out more successful 
weathei-pioof containers than those 
in another, and nobody could guess 
which plant would be the winner 


The industry decided to head that 
one off Each plant listed the types of 
equipment it intended to use, the sizes, 
operating speeds, inspection methods — 
everything that would let one plant 
know what was going on in another 
All this was gathered into a book and 
given to the production executives 
Now any plant which was having 
trouble could look up and see what 
its competitors were doing 
The product of the whole industry 
had to come up to the standard set by 
the military men There was only one 
sensible procedure to take. An indus- 
try-wide inspecting system was set up 
Under this, each manufacturer sent 
three sample boxes from each order 
filled — and if the order was larger than 
one carload, then three from each car- 
load— to a single testing laboratory 
which served the entire industry 

ABILITY WAS SHARED The laboratory, 
in turn, made a monthly tabulated re- 
poit to the entire industry Each factory 
making shipments duiing that month 
was identified by a numbei — a large 
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company like Robert Gair might have 
several plants represented and each 
of these would have a different num- 
ber, these being scattered through the 
list and not grouped 
Here the presence of those secret 
processes began making itself apparent 
Some plants were making very good 
records, in that nearly all their samples 
were well above standard, while others 
were not doing so well 
Meetings to discuss these reports 
were turned into open forums in which 
the manufacturers who had the worst 
records discussed their troubles Very 
quickly it became clear that many of 
these problems could not be solved 
by talk and by reports^ alone The per- 
sonal touch would be needed 
Right here the industry took the step 
which promises most for the future 
of the weather-proof container It made 
arrangements for men from the suc- 
cessful plants to visit the unsuccessful 
ones and give personal explanations of 
how to make those small changes in 
methods which can make such big 
differences in results Secret kinks and 
quirks, in short, were being taken from 
plant to plant, and by the very men 
who knew best how to use them The 
industry at last was making an all-out, 
all-coordinated attack on this decades- 
old problem And so successful was 
this method that failures have been 
reduced almost to the vanishing point 
Development did not stop there, 
since many high-powered outfits were 
mterested in the weather-proof con- 
tainer. Big companies like American 
Cyanamid and Du Pont and National 
Adhesives were making chemicals for 
it, and wanted this business to grow 
And there were further possibilities 
Full water-resistant protection of the 
contents of the contamers was one 
of them The container, as originally 
developed, is weather-proof only in 
that it will not dismtegrate like an 
old-fashioned fiber-board container 
when wet Water can leak in and get 
at the contents unless these in turn 
are protected by being wrapped m 
heat-sealed bags or by other means 

THE MARINES TAKE OVER --^The Umted 
States Marine Corps were doing some 
testing on their own They developed 
a plastics-backed adhesive tape Sealed 
with this, the weather-proof containers 
were put on warehouse roofs m Phila- 
delphia and left there through eight 
months of snow, rain, freezing cold, 
and broiling sun The contents re- 
mained perfectly dry 
Wanting to give them a real work- 
out, the Marines then soaked these tape- 
sealed containers in hot salt water at 
125 degrees, Fahrenheit And still the 
contents remained dry 
Then the leathernecks got rough 
They filled 12 of the containers, tied 
them together with a steel cable, and 
towed them ten miles down Delaware 
Bay behind a speed-boat The contents 
stayed dry and undamaged, and the 
Marines decided that they had a con- 
tainer. 

Tbe Army used a slower method. 
Ebqperts were sent all over the world, 
everywhere that war goods were being 
delivered. They took colored motion 


pictures of containers in action Sig- 
nificant bits of these were shown to 
the container makers They showed 
containers being lowered in slings dur- 
mg ram storms, commg ashore on land- 
ing craft, being dredged up several 
days after having been tossed into the 
surf, riding over Jungle trails after 
having stood for weeks in tropic rain 
and sun. 

Never in the history of the container 
business has such a flood of information 
poured in from so many sources 
From inside the industry, from sup- 
pliers of chemicals and materials, and 
from experience records all over the 
world, the container makers are learn- 
ing what they can do and what they 
must do The experience of decades 
IS being crowded mto weeks And it 
IS being shared by the whole industry 
The battle for future business is wide 
open and every container maker has 
an equal chance 

WEATHER PROOnNG COSTS MORE— 
Not everything in prospect for the 
weather-proof contamer is bright The 


container in half will halve the cost 
disadvantage against it 

Packaging structures will be helped 
Many a package is a study in civil 
engineering, with the contents them- 
selves bracing the box and all sorts 
of members added to distribute the 
stresses. Put twice the strength in the 
outer shell and many a bothersome bit 
can come out of the inside This will 
reduce the overall costs and sometimes 
may make the weatherproof package 
the cheaper one 

Stiffness is important At all ordi- 
nary relative humidities, the weather- 
proof container is a good 4 percent 
suffer than the ordinary one, and this 
means superior ability of filled con- 
tainers to stand up under handling by 
lift trucks or when piled in high Uers 
But there is more to it than that 

Ordinary containers lose stiffness 
quite rapidly as the relative humidities 
of the atmosphere about them increase 
It is not wise to store them in such 
damp places as ordinary refrigerators 
But the weather-proof container loses 
stiffness only slightly and very slowly 



In ordar to tubioct V boxes 
to the rouqh troatmont cmd 
strain they would rocolve 
In actual uio. this mattlTo 
tumbling drum was designod 
end built In It. loaded cor 
tons receive more strenuous 
handling than they would in 
use on the world's wor-fronts 


Courtwy Oontslnar 
Tettlni Leborstory 


cost may be a stumbling block In ordi- 
nary times an average sized container 
uses 10 square feet of fiber-board If 
the average cost is taken at a nonunal 
$7 a thousand square feet, that means 
seven cents for ^ container The best 
grade weather-proof container may 
easily cost five times that, or 35 cents. 
Used in carload lots, with 7000 to 8000 
filled containers in a carload, this would 
make a big difference to the shipper 
Against this there are mitigations 
One of these is superior strength in 
the same weight The weather-proof 
container is mors than twice as strong 
as the ordinary one of the same grade. 
In many cases the shipper could cut 
pounds from the weight of each 
average sized container That would 
mean 12,0000 pounds eliminated from 
many a carload. Important as this is 
to rail shippers, it will mean a lot 
more to trucks, most of all to airplanes, 
incidentally, cutting the weight of the 


under damp conditions Filled or un- 
filled, it can be stored in refrigerators 
and in buildings which are much too 
high in relative humidity for the ordi- 
nary ones 

EXPANDING DEMAND EXPECTED— In 
fact, this retention of strength and stiff- 
ness when they are damp is opening to 
the weather-proof container fields 
previously closed to the fiber-board 
container industry Packaging of fresh 
meats and of fresh fruits and vege- 
tables are examples Right now, hve 
lobsters are being shipped from the 
seacoast to interior pomts in weather- 
proof containers carried by airplanes 
Farmers can take the weather-proof 
containers right out into the open fields, 
pack and seal them full of damp pro- 
duce, and have that produce reach the 
market before the dew upon it dries 
Hiis opportunity alone can cause the 
weather-proof container to double the 
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is Powered Like a Battleship 



LONG AGO successfully developed by Westinghouse for THE WESTINGHOUSE steam turbine in the Pennsylvania 

ocean vessels, the steam turbine has now been harnessed Railroad's new direct-drive locomotive is no btgger than 

as a brand new type of smooth, efficient motive power for a household electric refrigerator— yet it will haul long 
modern railroad locomotives. passenger trains with ease. 



THE POWER- PACKED locomotive turbine is a descendant 
of giant Westinghouse turbines which generate much of 
the electricity used today. The great expansion of electric 
power began with these turbines. 

THE RAILROADS are developing a dazzling new kind 
of transportation for the future. The latest and most 
dramatic improvement is steam turbine power, which gives 
the Iron Horse ^*new lungs.’* 

To help produce this new locomotive, the Pennsyl- 
vania Railroad, a long-time pioneer in transportation 
improvements, turned to Westinghouse and the Bald- 
win Locomotive Works. Working as a team, these com- 
panies have produced this latest in a great line of 



THE VELVETY FLOW of power from this 6,900 horsepower 
steam turbine locomotive will make trains run with extra 
smoothness and is a major contribution to finer trans- 
portation for the future 

steam locomotives — descended from “Old Ironsides,” 
built by Matthias Baldwin in 1832 Westinghouse Electric 
& Manufacturing Company, Pittsburgh 30, Pennsylvania 


Wbstindiouse 
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pre-war sales of the industry and open 
wide new fields of demand 
Fire damage can be reduced Any- 
body who has seen a stack of ordinary 
cartons turned to a pile of mush by 
water, with cans or other contents 
scattered all through it, knows why 
hose and sprinkler damage is so often 



a separate item on fire insurance poli- 
cies and the biggest single factor in 
fire damage The weather-proof car- 
tons will burn in the flame but they 
will not dissolve in the water 
Use by exporters will be heavy Our 


MAGNESIUM FIRES 

Can be Controlled 
By Sprinkler Systems 

F IRES in plants where magnesium is 
machined are dangerous because molten 
magnesium has the ability to take oxy- 
gen from water and thus perpetuate its 
own combustion 

This hazard has caused many factor- 
ies to avoid all use of magnesium, while 
others, as we have noted before, went 
so far as to specify the kinds of under- 
wear girl operatives might wear, lest 
a frictional spark from silk panties 
should reach the machinery and cause 
the magnesium to ignite 
Recently concluded tests, made joint- 
ly by the National Board of Fire Un- 
derwriters and the Factory Insurance 
Association, have shown that magne- 
sium fires can be contr died by sprink- 
lers 

The drops of water from the sprink- 
lers, striking the fire, do cause small 
explosions during which bits of molten 
magnesium fly through the air But 
these bits are so small and they cool 
so rapidly that they will not ignite 
other piles of magnesium chips which 
are only a few feet distant from the 
fire And when enough drops of water 
have struck the fire it is cooled to the 
point where it ceases to burn 
Molten magnesium flowing into, or 

lit 


armed forces are making the weather- 
proof container known all over the 
world Protection of the contents will 
be Important enough in this field, but 
doubled strength (or the same strength 
with less weight) will have high val- 
ue, too Many an exported box has to 
be carried inland over the roughest of 
truck trails, or by airplane to jungle 
landing fields, or even on the heads 
of native earners 

Ability to re-use the container after 
it is emptied is a major factor m ex 
porting The extreme strengtli and 
durability of the weather-proof con- 
tainer will be a foreign sales asset to 
any goods packed m it Right now our 
soldiers are using these containers as 
roofs over their fox holes and for 
many another weather-resisting job 
But in peace-time those who get these 
containers abroad may use them to 
package other goods, perhaps for ship- 
ment back to us 

The whole story is not known yet 
Container makeis keep on finding out 
how to reduce production costs, add 
new qualities, figure out new grades 
with varying degrees of weather re- 
sistance Not all peace time packages 
will need to withstand 24 hours im- 
mersion in sea water, theie is room foi 
varying degrees of weather proofness 
at varying puces 

But two things are sure A problem 
which has been studied for 30 years 
has been solved by co-opeiation of a 
depth and intensity seldom found in 
any industry The resulting weather- 
proof container is going to solve many 
a tough problem for post-war shippers 


being struck by, solid bodies of water, 
such as might come from hose streams 
or be lying on the floor as a result of 
hose streams, is quite another matter 
In this case the magnesium fire will 
give off enough hot gases and steam to 
damage or destroy any ordinary build- 
ing 

Control by sprinkleis, then, must 
bring the sprinklers into action at the 
earliest practicable minute and must 
not provide solid bodies of water into 
which the molten magnesium will flow 
But, with careful lay-out and safe- 
guards, the sprinkler system will re- 
duce the magnesium fire hazard to the 
toleiation point for far more machine 
shops than was believed practicable i 
year ago 

SET AND SHRINK 

Plastics Parts Used 

In Assemblies 

Rivets, grommets, dowels, and pins 
made of thermosettmg plastics are com- 
ing into ever widening use as parts 
assemblers gam greater experience with 
them 

The basic technique of applying these 
parts usually includes the apphcation 
of heat to fit them into the spaces they 
aie to occupy, then permitting them 
to cool Under heat, assisted by pres- 
sure the plastics parts flow until they 


are upset, enlarged, split, bent, or other- 
wise formed to hold the pieces they 
are to jom Then, when the heat is 
removed, the plastics parts not only set 
themselves permanently to the shapes 
into which they have been formed, but 
also shrmk and thus tighten the joints 
Enough heat for the flowing and set- 
ting often may be had from the fric- 
tion of spinning rivet heads, spinning 
grommet ends, or expanding sleeves by 
the use of friction tools Other parts 
are expanded by compressed air and, 
instead of cooling the air in an after- 
cooler or inter-cooler attached to the 
compressor, the air is allowed to lotain 
its heat of compression, this being suf- 
ficient to set the plastic 
Applying heat in the process of 
squeezing rivets is, of course, a com- 
mon operation which presents no 
problems 

Not the least of the advantages of 
these fasteners is that their shrinking 
action tends to increase the strength of 
the thin materials which they join by 
pre-stiessing those materials 

SHEAVES 

Have Plastics Faces 
To Reduce Wear 

W 

wW[Rf rope men long have known that 
the damage done to the rope at the 
sheave may be the greatest source of 
rope failure 

In laige airplanes the cables aie run 
over sheaves which have contact faces 
made of Formica This resilient plastic 
offers a gentle, cushioning surface to 
the lope, which tends to reduce inner 
friction between the wire strands and 
to prevent wear Furthermore, the re- 
silient surface has no filing or abrasive 
action upon the strands of the rope 
Every sheave is mounted on anti-fric- 
tion bearings which have the lubricant 


Resilient plastic lacing on sheaves 
saves wire rope in many industries 

so retained that they will withstand 
years of service without additional lu- 
brication This minimizes the running 
friction of the sheave and therefore 
the frictional resistanc'e to the move- 
ments of the rope 

Sheaves of this type will find many 
post-war applications, especially where 
small-diameter wire ropes are used as 
linkage for remote controls 
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PLASTICS 


Conducted by CHARLES A BRESKIN 


Plastics Days Ahead 


Bailroad Nodermzatioii Will Oiler Many Diverse Applications of Plastics, 
Some of Which Have Already been Proved in Practice. Lighting Fixtnres, 
Upholstery and Drapery Fabrics, Structural Parts, and Electrical Insula- 
tion are a Few of tho Possiblo Uses of these Versatile Materials 


ODERNIZATION renovation 

rebuilding — words to bring tears 
to the eyes of hard-pressed railroad 
men In this war of “movement,” do- 
mestic rail transportation systems have 
had to bear a huge burden of bring- 
ing raw materials to production plants, 
moving finished and semi-finished 
piodurts to points of trans-shipment, 
transporting troops, moving war 
workers to and from their jobs and, 
at one and the same time, keeping 
civilian economy and morale at a high 
level 

With production at an all-time high, 
facilities that would normally be called 
upon to relieve tho railroads have 
been drastically curtailed or entirely 
suspended for the duration Thus there 
is today no commercial transportation 
by water between our two coasts 
Shortages of tiies, gasoline, and new 
automobiles — with tho 35 mile an houi 
speed limit thrown in to slow things 
down still further —have combincKl to 
1 educe the amount of freight and the 
numbei of passengers that can be 
moved by truck and private car 

Swamped with business as a result 
of these losses in total transportation 
capacity, railroads felt the pinch from 
yet another side The demands of war 
left little material and even fewer 
facilities that could be devoted to the 
construction of new transportation 
equipment Thus railroad officials have 
been forced to put back into service 
freight and passenger cars they had 
long marked off as useless, leaving 
dreams and plans for modernization, 
renovation, and rebuilding for the 
days after peace leturns 

But it IS with these di earns and plans 
of railroad men that plastics is most 


but intriguing glimpse of a new trend 
m railroad car design based on the 
premise that rail travel can be made 
a comfortable and pl'^asant experience 
It is to be expected that these improve- 
ments^ - many of which depend for their 
success upon the use of various plas- 
tics materials — will be further refined 
when the country returns to peace- 
time economy and will find acceptance 
m a large proportion of our future rail 
cars 

better car lighting — A n important 
factor contributing to the luxurious 
atmosphere in the last passenger cars 
to be put into pie-war service was 
pioper lighting Lighting fixtures were 
designed to provide adequate illumina- 
tion for comfortable eye-saving reading 
and to fit into the intenor decorations 
However, in addition to the usual prob- 
lems of the lighting engineer — candle- 
power, shadows, glare— railroad lighting 
installations must meet certain special 
i equirements 

Belowt acrylic r«sin with apphqued 
strips of sheet metal is used in 
this lighting fixture for passenger 
cars The resilience of the plastics 
holds the fixture snugly In place 

Right! In this picture metal applique 
has been removed to show how the 
acryUc sheet has been turned along 
the edge so as to snap into grooves 

Courtesy Safety Car Heating dt Lighting Co 


They must, above all, be rugged and 
dependable so that valuable rolling 
stock will not be tied up' for repeated 
repairs, and must have a life as long 
as that expected of the car itself In 
addition, the fixtures must be simple 
and accessible — permitting quick and 
easy cleaning and maintenance — as well 
as economical and efficient Finally, 
lailroad lighting must meet such other 
requirements as lightness, ease of in- 
stallation, safety, and freedom from 
rattling and other annoying noises 
Faced with these requirements, the 
Safety Car Heating and Lighting Com- 
pany started working with plastics 
shades, finally adopting white trans- 
lucent Plexiglas for their railroad 
lighting fixtures The company found 
this material to be tough and capable 
of withstanding hard blows and the 
flexmg caused by the weaving motion 
of the car It was light in weight, shat- 
ter-proof and rattle -proof, and it had 
proved the permanence of its optical 
properties and its freedom from di- 



mensional changes in the aircraft field 
The only possible disadvantage— the 
fact that It might soften and deform if 
the temperature of the fixture ex- 
ceeded 160 degrees, Fahrenheit — was 
cii cum vented by the use of fluorescent 
lamps 

An ingeniously simple method of 
mounting, developed by this company, 
depends for its success on the flexibility 
of the acrylic resin The shades are 
formed to the desired shape, with a 
slight outward flange along the edges 
The piece can be flexed so that the 
shade may be snapped into two parallel 


concerned For a few years before 
the war, tiavelers were given h brief 
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channels Thia installation, which per- 
mits quick and easy ronoval of the 
shields, has proved extremely versa- 
tile. 

For long troughs runrung the length 
of the car, 24- to 48-inch lengths of 
shade have been used, separated by 
rigid reinforcing spacers molded from 
white translucent acrylic resin Modi- 
fications include troughs which zig-zag 
back and forth across the ceiling of the 
car and those which run intermittently 
along the car ceiling, valence, or side 
wall 

Developments in home lighting dur- 
ing the past year may well have an 
influence on railroad light fixtures in 
the post-war period Finding that a 
considerable portion of the public look 
upon fluorescent fixtures as cold and 
unsympathetic, Morris Sanders, an in- 
dustries designer, has developed several 
lighting fixtures composed of tough 
extruded Lumarith strips interlaced, 
crimped, and pleated to form an infinite 
variety of interesting and distmctive 
designs For example, one fixture uses 
extruded plastics strips in the form 
of louvers, held in place by metal rods 
which are covered with plastic tubing 
to render them almost invisible In an- 
other design, a corrugated sheet of cellu- 
lose acetate, 3/32-inch or less in thick- 
ness, rests on glass rods slipped through 
molded acetate rings 

UPHOLSTERY FABRICS— During the past 
few months, subway riders and com- 
muters to and from some of our larger 
cities have been playing guinea pig in 
tests to determine the wearing qualities 
of various synthetic and coated fabncs 
These riders plucked and pushed at 
the brightly colored seat covers, anxious 
to learn for themselves just how these 
synthetic textiles feel and wear 

Designs for the interiors of tavern 
lounge cars, parlor cars, observation 
lounge cars, and dimng cars, as de- 
veloped by Edward G Budd Manufac- 
turing Company, indicate that syn- 
thetic textiles will have wide applies - 


Fitted between the wheels 
oad axles ol this handcar^ 
sleeves molded of phenolic 
prevent It from octlvotlng 
the electric signal system 

CourtMy Monianto Ohomleel 
Oompeny 




tion on our nation's railroads when 
new and redesigned cars can be pro- 
duced once more Interiors thus far 
worked out by this company suggest 
the use of these materials as window 
drapes as well as for coverings on din- 
ing chairs, divans, and club chairs 

STRUCTURAL PLASTICS— During the past 
year or so, the use of plastics as struc- 
tural materials has aroused intense in- 
terest and active speculation among 
engineers and builders as well as among 
the members of the plastics industry 
itself In England this development is 
being given its first railroading tests by 
the Soutliem Railway Company This 
railroad has put into service the first 
of 10 luggage vans — the baggage cars 
of the United States — ^whose sides, ends, 
and roof are built of reinforced lami- 
nated plastics panels 
The panels of these railroad vans are 
given increased strength by the use of 
steel wires and cotton, interwoven on 
a power loom This construction, in 
which, for example, 24 high -tensile 
steel wires and cotton threads to the 
inch are woven in both the warp and 
the weft, has made it possible for Re- 
inforced Plastics Inc to overcome one 
of the principal drawbacks to most 
laminates— their brittleness The ma- 
terial — woven so as to be interlocking 
— can be varied to meet requirements 
by the selection and arrangement of 
the steel wires 


Although this steel-cotton material 
IS very strong, it lacks the stiffness 
needed for rolling stock work when 
used alone Consequently, after being 
taken from the loom, the fabric is 
passed through an impregnating ma- 
chine where it absorbs sufficient 
phenolic resin to achieve the necessary 
rigidity From the bath the material 
IS removed to the drying oven, then 
to the cutter where it is divided into 
sheets of the desired size At this stage 
in the process the reinforced material 
is placed In a press between sheets of 
ordinary impregnated material and 
subjected for about 75 minutes to a 
pressure of approximately one ton to 
the square inch 

Tests carried out on this material 
show It to have an ultimate tensile 
strength, both longitudinally and trans- 
versely, of over 24,000 pounds per 
square inch, and a bolt hole tensile 
of 21,900 pounds per square inch The 
comparatively light weight of the fabric 
IS evidenced by a specific gravity for 
one-ply steel wire-cotton embedded 
m laminated paper or fabric of 1 65 
as against 7 83 for steel Another ad- 
vantage of this laminate is a high im- 
pact strength 

In the case of the first experimental 
luggage van, these characteristics of the 
reinforced material have meant a 
lighter car with greater cubic capacity 
Compared with a steel panelled lug- 
gage van, the test car using the new 
laminate for its sides, ends, and roof 



affords a net reduction in tare weight 
of 5600 pounds But at the same time 
this new van has a capacity of 1848 
cubic feet as compared with 1808 cubic 
feel for the standard model 
Wi^h the adoption of this reinforced 
plastics laminate in the panelling of 
the luggage van went a thorough re- 
design of the entire car It was thought 
advisable, m view of the characteristics 
of the material, to rebuild the carnage 
of the van completely in a way that 
would protect ^e body from shock 
The most convenient method of accom- 
plishing this was to separate the body 
from the main frame of the van and 
introduce a spring cushioning device 
which would allow the body to move 
longitudinally a few inches and then 
return to its normal position With the 
body thus cushioned and protected from 
bufiing or draw stresses, it could be 
considerably lightened without danger 
to baggage 

FREIGHT CARS — In the Umted States, 
the Great Northern Railway Company 
is m the process of constructing, of 


Plexiglas shades used on sigsag celling lights in a leonge eta 


plywood and light-weight metals, 1000 
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HOW TO GET A COOL GRIP ON A 
HOT ITEM 

Perhaps the handle on your family iron is molded of a 
Durez phenolic plastic If so, there’ll be no burned fingers 
from this handle because the heat resistant Durez phenolic 
does not conduct the heat of the non Also notice the 
smooth glossy finish Feel the pleasing touch These, too, 
are permanent features Heat resistance is one of many 
outstanding properties of Durez phenolic molding com- 
pounds Others are dielectric strength, diversity of finishes, 
excellent moldabihty, and resistance to moisture, tempera- 
ture extremes, acids and alkalies There are more than 300 
Durez compounds contributing towards the furtherance of 
the war effort on a scope that is practically all-embracing 
The unusual versatility which Durez phenolics are demon 
strating today, reflects the wide usage of these com- 
pounds in manufacturing the many new items for post- 
victory markets 


In developing their imaginative ideas, 
scientists the country over have come 
to rely on the versatility of phenolic 
plastics For these most-versatile-of-all 
plastics offer a wide selection of prop- 
erties from which to select a plastic 
that precisely fits the job During the 
past quarter century, Durez has been 
specializing in the production of phe- 



<«ROPING’’ NEW MARKETS 

Co Ro-Lite — a combination of rope fibie and Durez 
phenolic resin — is an ingenious development of the 
Columbian Rope Company This remaikable material 
offers two important advantages to the manufacturer 
First IS the high impact strength gained from the inter- 
laced network of wiry rope fibres impregnated with tough 
Durez phenolic resin Second is the speed and ease with 
which Co-Ro-Lite can be molded into compound curves 
Wartime proven, Co-Ro I ite promises to be the selection 
of many postwai manufacturers 


OIL SOLURLE RESINS 



PARTY DRESS FOR DAILY WEAR 

Durez 220, a new type phenolic resin, is now being used 
with amazing success in bread wrapper and similar type 
printing This remarkable resin, added to ink, brings about 
the most instantaneous set under heat One of the several 
outstanding Durez phenolic resins, 220 is another example 
of the continuing progress of Durez technicians in devel- 
oping resins that arc leaders in their respective fields 


nolle plastics from molding compounds 
through industrial resins to the oil sol- 
uble resins Through active participa- 
tion in successful product development 
on a scope that includes practically all 
fields of industry, Durez technicians 
have acquired a rich background and 


a wealth of data The complete co- 
operation of the Durez organization 
IS assured to those who are interested 
m developing practical industrial prod- 
ucts. Durez Plastics & Chemicals, Inc , 
523 Walck Road, N. Tonawanda, N. Y. 


PLASTICS THAT FIT THE JOB 
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standard freight cars, 40 feet in length, 
and weighing approximately 50 tons 
While the cost of producing these cars 
IS almost the same as for conventional 
box cars, a saving m weight of two 
tons is effected The phenolic resin ad- 
hesives used in the manufacture of the 
exterior- type plywood is set under 
pressures of from 175 to 200 pounds 
per square inch, at temperatures that 
range from 260 and 285 degrees, Fah- 
renheit In the case of most standard 
panels, the press time is 5% to 8^ 
mmutes 

Used for both the inside and outside 
of these box cars, the panels are riveted 
at horizontal points to lumber stiffen- 
ers The thin metal strips that cover the 
vertical joints between the outside 
panels are bolted through to the lum- 
ber studding On the interior walls the 
panels are mstalled horizontally, with 
thinner panels employed for the ceil- 
ing 

Even further down the scale in rail- 
roading, plastics find their uses In 
many railway motor cars produced by 
Fairmont Railway Motors, Inc , molded 
Resinox parts serve as a medium of 
electrical insulation between wheels 
and axles On most railroads, signal 
systems are tripped when an electrical 


contact is made between the two rails 
of a track Maintenance cars, however, 
are intended to be manhandled off the 
track when a train approaches and 
should at no time activate the signal 
system They must, therefore, be in- 
sulated to prevent contact between the 
rails; and the best place to provide 
such insulation is between the wheel 
mounting and the axle 
Since wheels on lighter hand-cars 
are pressed on the axle and held there 
by a threaded nut, the desired insula- 
tion is provided by a phenolic sleeve, 
molded by Northwest Plastics Inc , 
which fits between the wheel hub and 
the axle In heavier cars, however, the 
wheels are each bolted by eight bolts 
to a flange on the bearing To provide 
insulation m this instance, a matching 
flange of high-impact cord-filled pheno- 
lic, molded by the same company, is 
inserted between the wheel hub and 
the mountmg plate to prevent metal- 
to -metal contact Each bolt is fitted with 
a vulcanized fiber bushing 
These applications of plastics to rail- 
roading give but a hint of the many 
and diverse applications that will be 
found for these materials when present 
plans move from the drawing board to 
the road 


^ ^ 


PLASTICS PUMPS 

Aid War-Time Safety, Pave 

Way for Peace-Time Uses 

The HAND-oPFRAiFD pumps which are 
standard equipment on Army and Navy 
life rafts for use in case of failure or 
loss of the cylinder of CO 2 gas nor- 
mally used to inflate these rubber boats, 
should have many peace-time func- 
tions 



Emergency hand pumps for Inflating 
ttle rofts make good use of plastics 


Pre-war pumps of this type had 
metal cylinders which tended to cor- 
rode to such an extent that the 
plungers stuck in the barrel or were 
extremely difficult to operate Also, the 
sheet metal tu|;)ing dented easily and, 
once dented, was of no further use 
These disadvantages have been ended 
by using plastics for the barrel, end 
caps, and inner support of the flexible 
tubmg in the Peters and Russell pumps 

The phenolic resin impregnated paper 
barrel, instead of denting under a blow 
will, at most, crack In such contin- 
gency, a hand clamped ovci the crack 
IS sufficient to maintain pressure within 
the tube Regardless of the extremes 
of weather in which the pumps are 
used, neitiier the phenolic end caps, 
the laminated plastic ban el, nor the 
Tenite II (cellulose acetate butyrate) 
flexible coil inside the tubing will cor- 
rode when subject to salt water and 
bad weather 

PLASTICS HANGARS 

Provide Protection for 

Aircraft Mechanics 

T o INSURE that necessary mamtenance 
work on our Navy airplanes goes on 
despite vagaries of weather, the United 
States Navy supplies portable vmyl- 
chloride acetate impregnated canvas - 
covered hangars to its many outposts 
Whether the field is in the Far North 
or close to the Equator, the canvas 
covering offers full protection The ma- 
terial is not only processed against the 
ravages of fire, mildew, and rotting but 
given treatment which keeps it flexible 
at 40 degrees below zero Furthermore, 
when work is finished at one field, the 


canvas can be easily rolled up and 
moved forward to the next advanced 
base 

Although the original hangars were 
constructed for servicing only one 
plane at a time, the umts now m use are 
large enough for a two-motored plane 
to be serviced at one end while a four- 
motored plane is being repaired at the 
other The design is such that planes 
are placed half m and half out of the 
hangar, with special canvas socks 
slipped over the motors and fuselages 



Vinylite impregnated canvas over a 
steel frame makes a portable hongar 


and laced to the canvas end pieces to 
seal the openings 

Each hangar consists of a steel aich 
covered with Vinylitc-impregnated can- 
vas The Textileather Corpoiation 
calenders a 0 004-inch film on single- 
texture duck and then laminates two 
sheets together with a wet solution The 
laminating is not done when the canvas 
is calendered because inequalities in 
the cloth might cause a leak, whereas 
the laminating solution seals in the ma- 
terial to give high hydrostatic resistance 
when it is added m a second operation 
In the next step the two sheets, which 
are now laminated together, are im- 
pregnated with a solution contaimng a 
vinyl -resin base which is resistant to 
hie, water, and mildew After this 
processing the completed fabric is 
dipped in a bath 

Drying time is about two minutes in 
an oven that is maintained at a temper- 
ature of 275 degiees, Fahrenheit From 
start to finish the entire treatment of a 
given batch of canvas requires little 
more than 8 hours — a speed that makes 
it possible for the company to turn out 
12,500 yards of 36-inch material in 
one day 

Since speed in erection is of great 
importance, the canvas is divided into 
easily handled sections by Newcastle 
Products Company and its subcontrac- 
tors — the fabricators of the hangars 
Thus, a total of 21 panels are employed 
to cover the front, back, and roof of 
the hangar A variety of light-weight 
canvas socks are necessary to provide a 
tight seal around the openings in the 
canvas end curtain where a plane’s 
motor and fuselage project into the 
hangar These socks are square, slit at 
the bottom, and equipped with draw 
strings for tightening the canvas around 
the nacelle The sides of the sock lace 
to the grommet strip on the inside of 
the curtain The steel frame is built by 
International Derrick and Equipment 
Division, International -Stacey Corpora- 
tion, and Milwaukee Iron Works 


152 


SCIENTIFIC AMERICAN • MARCH 1945 



AVIATION 


Conducted by ALEXANDER KLEMIN 


Planes and Trains 


In Decigning the Modern Streamlined, Lightweight Train, the BaUroads 
Senght Assistance from Aeronantical Engineers, and this Snccessinl 
Example ei Working Together by the Two Industries Points the Way to 
A Future Integration of their Services for the Good of the Public 


T herp are two contrasting aspects in 
the lelationship between aviation 
and the railroads One, technological 
and non-controversial, covers the many 
advances in railroad equipment which 
owe their origin to aeronautical science 
The other, economic, political, and bit- 
terly controversial, is concerned with 
the participation of the raihoads, diiect 
or mdiiect, in air transportation 
In this article the technological ad- 
vances can be discussed unhesitatingly 
with pleasure and pride In consider- 
ing the possible role of the railroads m 
air transportation, however, it is wiser 
to do nothing more than state pos- 
sibilities and set forth the aiguments 
of both sides The right decisions must 
come from public opinion and Con- 
gress, and will be years m tlie makmg 
In discussing what the railroads have 
drawn from aeronautics tliere are two 
mam lines of advance to consider The 
first IS the reduction of air resistance of 
the tram, the second the reduction of 
its weight 

STREAMLINING SAVES POWER— Only 20 
years ago, air resistance was considered 
by railroad mechanical engineeis to 
be a minor matter So great was the 
misunderstanding of air resistance that 
at one time it was lumped with ground 
fiiction resistance Hence, the forms 
of locomotives as well as passenger and 
fi eight cars remained almost ideally 
suited for creating air distuibances 
This was no handicap in suburban 


traffic where passenger trains operate 
at low speeds But at speeds of 60 to 
70 miles an hour, the power expended 
in overcoming air resic>tance accounts 
for at least one half the power exer- 
cised by the locomotive 
Skilled design can cut this resistance 
to approximately one half the amount 
encountered by the un-streamlined 
locomotive and tram We stress the 
woid “approximately” because so much 
depends upon the design, condition, 
and length of the tiain, as well as ad- 
ditional factors Hence no geneialized 
statement can be made in spite of 
innumerable tests and voluminous 
wriUngs on the subject Whether the 
power saving be one half or less than 
one half, streamlining is evidently fully 
worthwhile Not only do our stream- 
lined trains have an enormous adver- 
tising value, since they spell to the 
public a great advance in railroad 
equipment, but they actually do provide 
savings m power and, hence, m fuel 
Aeronautical science’s second con- 
tribution to the railiodds has been in 
aidmg better structural design of roll- 
ing stock so as to reduce weight When 
an aircraft engineei of our acquain- 
tance was first requisitioned by a rail- 
road equipment company to assist in 
the design of a streamlined tram, he 
asked for examples of stiess analyses 
and load factois, and was gieatly sur- 
prised to learn that they were not 
available Locomotives and tiains had 
become structurally strong through 


tradition, experience, and the brutal 
addition of weight 

No attempt had ever been made to 
utilize light alloys or high-strength 
steel alloys Because the engineers 
who pioneered in the design of stream- 
lined railroad equipment were, on the 
whole, famihar or made themselves 
familiar with aircralt practice, they 
departed from the traditional path and 
did several things They made bold 
use of the light aluminum alloys with- 
out which modern aviation would 
hardly have been possible Or, alter- 
natively, they made use of the stain- 
less steels of very high tensile strength, 
and reinforced them skilfully against 
local buckling by appropriate corruga- 
tion 

Then, when it came to the actual 
task of design, they worked out a 
theory of shock loads In addition, 
they investigated the conditions under 
which a railroad tram would encounter 
the most severe loads They discov- 
ered the points of application of such 
loads and their directions, and designed 
extremely refined structures accord- 
ingly 

By following aircraft practice, the 
weight of car equipment has been re- 
duced by nearly 50 percent One au- 
tliority states that the 750 tons repre- 
sented by tlie heavy conventional cars 
m an eight-car tram can be reduced 
to 400 tons, approximately Such a 
saving would reflect itself m the cost 
of motive power with consequent effect 
on fixed charges, fuel costs, and the 
like While the railroads so far have 
not been able to take full advantage 
of these weight-reducing elements 
except m their most expensive trains, 
there is httle doubt that in post-war 


The first step in stream 
lining locomotives was to 
shield the lower port with 
sheet metal The dots show 
the ports that were masked 
to cut down air resistance 



Drawings courtesy ‘‘Railway Mechanical Engineer 



This drawing indicates how 
streomlining was carried to 
further lengths by shielding 
the front end and the upper 
port of the boiler so as to 
provide unimpeded airflow 
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trains the process of weight reduction 
will be accelerated and become more 
general 

REDUQNG VIBRATION— Another impor- 
tant way in which aeronautics has in- 
fluenced the railroads is in the study 
of vibration In aircraft work from 
the earliest days, it became apparent 
that the isolation of engine vibration 
from the rest of the airframe was a 
vital matter Rubber engine mount- 
ings were found indispensable The 
study of flutter of aircraft wings was 
seen to be an absolute pieliminary to 
safety Moreover, it was discovered 
that the reduction of vibration was a 



subtle busmess and not merely a mat- 
ter of adding weight There have been 
cases of locomotives experiencing fail- 
ures because of vibration, and weight, 
added as a remedy, caused the vibra- 
tion troubles to mcrease enormously 

Aviation taught American engineers 
that vibration was a subject to be 
treated with all the resources of ap- 
plied mathematics and applied me- 
chanics Our modem streamlined 
trains with their remarkable smooth - 
running qualities are evidence of the 
fact that in vibration, also, railroad 
equipment designers owe much to their 
aviation confreres 

SHAU RAILROADS FLY?— In the early 
days of Right, neither railroads nor 
steamship operators, with few excep- 
tions, showed much interest m avia- 
tion. Today, many surface carriers are 
keenly mterested Steamship com- 
panies, railroads, bus Imes, and truck 
operators have filed applications with 
the Civil Aeronautics l^ard for cer- 
tificates of public convemence and 
necessity auUiorizing air operations. 
But existing airlmes are, in general, 
hostile The Department of Justice 
has expressed its interest through 
formal intervention, and the issue has 
recently been discussed in Congres- 
sional Committees and on the floor of 
Congress 

W^t is the nature of this confbct? 
Hie Civil Aeronautics Act, passed in 
1938, has been regarded by Congress 
as well as the Civil Aeronautics Board 
and the aeronautical industries as hav- 
ing been planned to prevent control of 
air carriers by surface carriers such as 
railroads and steamship lines Perhaps 
the best way to d^ne such views is 
to quote from testimony before the 
House Interstate and Foreign Commit- 
tee by L Welch Pogue, chairman of 


the C A B “The Act (now law) of 
1938 provides that consolidations, 
mergers, and acquisitions of control 
involving air carriers are unlawful un- 
less it 18 found that they will not be 
inconsistent with the public interest 
It was the mtention of Congress to 
carefully restrict the participation of 
surface carriers in the air transport 
field. The requirement was construed 
to mean that aircraft must be used 
m a manner which would be auxiliary 
supplemental (subordinate) to the 
surface transportation of the acquir- 
mg company” Here is something as 
clear and definite as the testimony 
of a public official before a Congres- 
sional Committee can be. The question 
today IS whether this view shall con- 
tinue or legislation should be enacted 
to give railroads and steamships a 
freer, stronger hand in air-transport 
operation 

THE CASE FOR THE RAILROADS— There 
are many persuasive arguments in 
favor of such participation The first 
is the avoidance of duplication in per- 



Three exomplM of differently pow- 
ered streamlined engines. Upper 
left. An IlUnois Central Diesel-elec- 
tric locomotive. Aboves A stream- 
lined stecun locomotive on the New 
York CentroL Righti A steam-electric 
engine of the Union Pociflc line 

sonnel and other facilities There are 
many ways m which surface carrier 
facilities, intangible assets, and per- 
sonnel can contribute to air-trans- 
portation service without a proportion- 
ate increase in investment and ex- 
pense It is argued also that if a 
single company were permitted to op- 
erate both rail and air, the most eco- 
nomical and sound division of traffic 
would become possible Again, it is 
said that air cargo could be carried 
much more cheaply if all the facihties 
of surface traxisportation were co- 
ordinated with air equipment, and that 
similarly, economy could be gained in 
the carrying of passengers. Certainly, 
in war-time, air-surface coordination 
works splen^dly and there are many 
arguments in favor of the idea that 
coordination iir peace-time would be 
equally efficient 

THE CASE AGAINST— Airlmes’ spokes- 
men who oppose the entry of the rail- 
roads into the field of aviation say 
that the projected ’’integrated trans- 
nfrtation companies” would be huge 
transportation monopolies The rail- 
roads, they argue, bad every oppor- 


tunity to develop air tranq>ortation for 
nearly 15 years and they failed to 
grasp the opportumty They point out 
that the development of air transport 
was left to independently -owned and 
financed airlines who went forward 
despite obstacles and in the face of 
great financial loss 
“Now, however, the surface interests 
have moved in,” says one of these 
spokesmen. Captain Eddie Rlcken- 
backer, president of Eastern Air Lines 
“They want to reap the harvest and 
dole out its fruits to the American 
public m the manner which will best 
protect their vested interests in their 
ground facilities For air trans- 

portation to come under the control of 
the powerfully financed surface carriers 
with their interlocking relationships 
and their vested loyalties in their rail- 
roads and steamships would doom free 
enterprise in air transportation ” 

It is possible that Rickenbackei may 
state his case too strongly It is perfect- 
ly true, however, that heavy pressure 
IS being exercised by railroad, steam- 
ship, truck, and bus interests to break 
down the legislative bairiers guarding 
the airways against invasion 

COMPETITION NEEDED— There is also 
one argument which Rickenbacker did 
not use, which nevertheless deserves to 
go down in the record There are bene- 
fits to be derived from the very ex- 
istence of different and competing types 
of transportation Such rivalry, of 



course, if pushed to extremes, with 
passenger fares and cargo tariffs com- 
pletely unregulated, would make com- 
petition ruinous to both airlines and 
railroads But the CAJB and the In- 
terstate Commerce Commission have a 
great deal to say regardmg rates and 
know fully what evils unrestricted 
competition may bring 
On the other hand, it can be said that 
it is precisely the competition of the 
airlmes which has stimulated progress 
on the railroads It is the one and a 
half hour schedule by air between New 
York and Washington which has m- 
directly led to the four-hour Con- 
gressional Limited of the Pennsylvania 
Railroad It is the tremendous speed 
of the transport plane which is foster- 
ing the growth of the streamlined tram 
It IS the enterprise and friendly atti- 
tude of the airlines towards the travel- 
ling public that is fostering a similar 
outlook by the railroads 


1C1 
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Another argument againat railroad 
operation of the airlines belongs in 
the field of psychology The railroads 
could, to a large extent, supplant lack 
of experience in air operation by hir- 
ing the best talent available, and by 
drawing on the personnel of the air- 
lines or the Air Transport Command 
But the railroad man quite rightly 
loves his industry He loves the loco- 
motive and the whole world of railroad 
operation which is so fascmating and 
varied 

A decade or more would perhaps be 
necessary before railroad men had the 
same loving understanding of aviation 
work It would be misinterpreting 
human nature to think that railroad 
men at the top could operate air- 
Imes with the same flexibility and 
enthusiasm which young aviation ex- 
ecutives like Juan Trippe, C R Smith 
and many others have shown for then 
own chosen form of transportation 

AIR RAIL CO OPERATION NEEDED-^ 
Whatever the outcome of the argument 
before public opinion and Congress may 
be, there is one thing which must not 
be forgotten The two great methods of 
transport can co-operate in many ways, 
whatever the status of legislation may 
be now or may become in the future 

The desirability of such co-operation 
was recognized very early in France, 
Great Britain, Germany, and, to some 
extent, in the Umted States Thus, 
Major Martin Wronsky, Director of 
the German Lufthansa, revealed that in 
1928 an agreement was signed between 
the Deutsche Lufthansa and the Ger- 
man railroads whereby offices for the 
receipt of air cargo were established 
in every railroad station, and the rail- 
roads become responsible for delivery 
of cargo to the nearest airport 

In 1928, or soon thereafter, Lufthansa 
and the railroads also had arrange- 
ments (similar to our own) whereby 
railroads took care of air passengers 
stranded by bad weather 

Major Wronsky further advocated in 
1935 the coordination of railroad time- 
tables and airline schedules In some 
cases fast ground expresses were elimi- 
nated m Germany because the air gave 
a completely satisfactory alternative 
service Combination rail and air 
tickets were issued, with as much justi- 
fication as combination tickets are is- 
sued for all American railroads 

Similar views were expressed by 
Raoul Doutry, Director General of the 
French Chemins de Fer de l*Etat 

Methods of American coordination 
between railroads and airlmes will 
suggest themselves to almost anyone 
who travels or ships goods Travelers 
should be able to buy at one place 
tickets for all airlines as well as all rail- 
roads and bus lines Likewise, business 
should be able to ship by air to points 
from which railroad or other surface 
transportation will carry on Common 
sense will dictate other co-operational 
possibilities 

Whatever may be the contents of new 
legislation, it is clear that the airlines 
are too strongly established to be 
dominated by the railroads On the 
other hand, it can be expected that the 
railroads will ultimately seek the maxi- 


mum codrdination with the air lines, 
whether this is encouraged by legisla- 
tion or not 

A solution to the problem will be 
achieved It is one of the great bless- 
ings of American life that no one- 
sided, authoritarian power is allowed 
to dommate a situation Hence the 
public can anticipate, sooner or later, 
a reasonable adjustment and friendly 
relationship between the two great in- 
dustries 
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PRODUCE BY AIR 

Fruits and Vegetables Are 

Potential Air Cargo 

The war has given birth to a new con- 
cept of cargo-carrying capacity of the 
airplane, and there is no doubt that in 
the post-war period tne airplane will 
be responsible for a great deal of traffic 
The problem is to determine in what 
directions air cargo should be sought, 
what equipment will be needed to 
carry air cargo most efficiently, and to 
what level costs per ton mile must be, 
reduced so that the airplane can, in 
addition to having much higher speed, 
compete with other forms of transpor- 
tation on more favorable terms as re- 
gards cost 

Colonel Bkiward S Evans of Detroit 
has generously made possible a study 
of “Air-Cargo Potential in Fresh Fruits 
and Vegetables,** conducted by Profes- 
sor A Larsen at Wayne Umversity and 
presented m a scholarly and well docu- 
mented pamphlet Professor Larsen 
has made it the purpose of his mono- 
graph to secure basic information from 
numerous sources such as the Depart- 
ment of Agriculture, Department of 
Commerce, railroads, trucking com- 
pames, terminal produce handlers, and 
so on At 15 cents a ton-mile, he con- 
cludes, the fruits and vegetables car- 
ried by air would be insignificant in 
volume At three cents a ton-mile fully 
25 percent of the gross traffic m fresh 


produce, or upwards of 4 billion ton- 
miles per year, would be carried by 
air Of course, thiee cents a ton-mile 
IS a very optimistic figure, and ten 
cents a ton-mile would be much more 
likely But even at ten cents a ton-mile, 
there is evidently a great potential 
market The more fragile and expensive 
fruits would come first — strawberries 
and peaches for example Then would 
come cantaloupes, cherries, plums, and 
so on At very low rates even the 
lowly lettuce and tomato might become 
air travelers 

Non-perishable farm products aie 
not likely to be an borne for many yeais 
to come From air traffic there will 
come many benefits, such as freshei 
fruits, with less chance of damage 
savings in stock earned, in rentals, in 
interest, and the like 

AIRPLANE LOADER 

Has Self-Contained 

Power Plant 

A COMPLETIELY portable and mechanized 
unit for loading and unloading air 
cargo has been put into use by Ameri- 
can Airlmes A conveyor belt is 
mounted on a gasoline-powered tractor 
which keeps a continuous stream of 
baggage, express, and mail moving 
from truck to plane as fast as cargo 
handlers inside tlie plane can stow it 
away The conveyor can be adjusted 
to the height of the forward cabin of 
the Douglas DC -3 or the post-war DC-4 

Both tlie operating and the elevating 
mechanisms are hydraulically operated 
At the lower end of the conveyor belt 
IS a platform to receive cargo coming 
down the conveyor, from which it 
may be placed on the low-level panel 
trucks on which passengers* baggage is 
earned, or on the regular mail and 
express delivery trucks 

When the much larger transports 
such as the DC-4’s or DC-6’s come 
into service, the conveyor will put the 
passengers themselves on board, and 
even now they are used as escalators 
for the captain and crew of the DC-3 
The credit for the actual construction 
of this equipipcnt is due to the Lyon- 
Raymond Corporation 
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ELECTRONICS 


CONDUCTED BY KEITH HENNEY 


Electronics In Railroading 

Increased Safety is the Goal of Many Oses« Direct and Indirect, of Elec- 
tronics by the Railways Flaw Detection in Bails, Materials Testing, Signal 
Systems, and Gommnnications All Involve the Busy Electron 


By JOHN MARKUS 

Edlfor Electr mils 


D espite the pressure of war-time 
opeiations the American rail- 
roads have been continuing their con- 
stant search for new devices to improve 
operation Faced with post-war com- 
petition from motor trucks, airlines, 
pipelines, and passenger cars, the rail- 
roads are taking a keen interest in elec- 
tronic equipment, not only for signaling 
and communication, but also for testing 
materials used in the manufacture of 
rolling stock and equipment 
One of the lesser known electronic 
instruments used by the railroads is 
the Sperry rail flaw detector This in- 
strument, developed by Dr Elmer 
Sperry m 1927, has found wide applica- 
tion since that time During 1943, 17 
fissure detector cars were operated by 
Sperry Rail Service and traveled from 
coast to coast and as far north as Hud- 
son Bay Besides the rail-testing elec- 
tronic equipment, each car contains a 
cook’s galley, shower bath, and sleeping 
quarters for the crew of five 
The cars are self-propelled by gas- 
electric drive and move over the 
tracks at a speed of from six to nine 
miles an hour, stopping each time a 
defect is found Usually working from 
dawn to dusk, they cover about 30 
miles m a 12-hour day 
As the car moves, an operator keeps 
a constant check on the condition of 
the rails by watching a recording tape 
Defective portions of a rail show up 
as irregularities on this tape when the 
search unit attached to the car passes 
over them The electronic equipment 
actuates the recorder to cause a dis- 
torted Ime to appear on the tape De- 
fective sections are sprayed with white 
paint for identification and are then 
further exammed by hand-testing as a 
follow-up operation 
Investigation of 142,000 miles of rail 
with the electronic equipment during 
1942 resulted in removal of nearly 
100,000 defective rails About 160,000 
miles of rail were tested during 1943 

MATERIALS TESTING Widespread use 
of electronic testing and exammation 
of ferrous and nonferrous raw materials 
m the metallurgical industries means 
further application of electronic instru- 


ments to promote the safety of railroad 
travel Already the cyclograph, the 
electron microscope, the spectrophoto- 
meter, and the mass spectiometer have 
been rather widely applied to the raw 
materials that go into the making of 
railroad engines and cars Although 
ear-marked now for war products, such 
electronic devices will be increasingly 
used m the post-war period 
A boon to heavily laden passengers 
is seen in the recently demonstrated 


/ 



Radio onoblos tho onglnoor ol this 
Baltimore and Ohio switching engine 
to receive his orders. The antenna 
ol the receiver transmitter is seen 
on the cob rooi over the headlight 

electronic door opener for sleeping cars 
In a car now riding the rails of the 
Canadian Pacific, doors open auto- 
matically when the handle is touched, 
not turned The mere contact sets 
electronic circuits m operation, actuat- 
ing the door-opening mechanism for 
entry or exit 

SIGNALS SYSTEMS — One of the most 
pressmg problems confronting railroads 
for many years has been that of block 
protection By means of an electric 
signal system, each rail route is divided 
into blocks or sections of track which 
no two passenger trains may occupy 
at the same time Thus no tram may 
enter a block already occupied and 
collision IS prevented The signals on 
this system are manually operated and 
are susceptible to human error To 


remedy this, an automatic block sys- 
tem was developed about 70 years ago 
Today, of a total of 160,000 miles of 
track for passenger trains in this coun- 
try, about 140,000 miles have automatic 
or non-automatic block signals while 
8000 miles are equipped with automatic 
train-stop or train-control devices 

In 1922, the application of radio com- 
munication to railroad service received 
careful study by a committee of the 
Association of Amei lean Railroads while 
at the same time a number of individual 
lailioads conducted research to study 
operation under varying conditions of 
service Even than it was anticipated 
that short-range sets would meet the 
emergency requirements caused by 
floods, storms, and so on, for marooned 
trams and for use by tiain crews and 
construction crews Automatic train 
control and signaling were also pre- 
dicted 

RADIO SYSTEMS—About a dozen differ- 
ent types of electronic devices have 
been tried by the railroads These fall 
into three general classifications, ear- 
ner telephone systems using the rails 
as conductors, induction radio systems 
using side-of- track wires, and radio 
systems thiough the ether By 1928 
each of these methods had been tried 
by at least one railroad with consider- 
able success 

In that year, a report on radio equip- 
ment used on a freight train of the 
Chesapeake & Ohio stated that a sav- 
ing of two or three tons of coal per 
trip was noticed for a particular engme 
because of shortened trips Consider- 
able saving of time also resulted when 
trouble developed en route, since the 
crew could be directed to the fault 
and have it repaired before a man 
could walk the full length of the tram 
By notifying the engine crew when 
flagmen had been called in, speedup of 
operation resulted, as well as elimina- 
tion of the chance that the flagman 
might be left behind, a not mfrequent 
occurrence Handling of trains in dense 
fogs and snowstorms that prevented 
the use of hand signals was expedited 
as well 

When radio was first applied to rail- 
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roads, frequencios around 2500 kilo- 
cycles were used and radio equipment 
designed to operate at this frequency 
used rather high power For example, 
the transmitter on the Virginian Rail- 
way in 1925 had three 50-watt trans- 
mitting tubes, larger and moie costly 
than was desirable 
At that time, the growing aviation 
industiy was clamoiing at Washington 
for operating frequencies in this same 
mobile band, and the Federal Radio 
Commission decided that the railroads 
had failed to show either public need 
01 leal desiie for the ladio fiequencies 
already allotted to them Until such 
time as the railroads could show need 
based on reasons of public interest, 
or until they could find a band of 
frequencies not urgently required for 
other services, the Commission was 
reluctant to allocate frequencies This 
retaided railroad radio development 
No furthei woik was done until re- 
cently when the technique of utilizing 
ultia-high frequencies for this purpose 
was peifccted 

ULTRA HIGH FREQUENCY Above 30,000 
kilocycles, ladio waves tiavel very 
much in the mannei of light and do not 
follow the curvatuie of the earth oi 
spread aiound inteiwening objects as 
do the longer waves used for bi oadcast- 
ing Thus, their range is limited With 
elevated antennas, considerable lange 
can be obtained, but with lower anten- 
nas only a short range is possible In- 
tervening objects are not necessarily 
complete shields, and even with low 
antennas there is no great difficulty in 
covering a limited number of miles 
with these ultra-high frequencies 
This makes these high frequencies 
entirely suitable for local service, as 
between the two ends of a freight train 
It has the added advantage that the 
same frequency can be used simulta- 
neously in many different places with- 
out likelihood of interference unless 
the stations are near each other 
Recently, a fiequency above 150 
megacycles was used by the Baltimore 
& Ohio to demonstrate how radio 
can expedite the handling of freight 
trains in terminals This installation 
for yard and train operations provided 
means for the chief dispatcher in the 
Baltimore area to contact and issue 
orders to moving trains, and permitted 
train crews to talk by radio telephone 
between the engine and caboose, as 
well as with the train dispatcher 
During the trial run, the conductor 
used a two-way radio m the caboose 
He directed the switching out of a 
group of cars along the tracks on or- 



locomotives is slightly' higher than that 
of a radio in an automobile, such as a 
police or Army scout car, due to the 
greater vibration of the tram, but this 
added maintenance cost is far out- 
weighed by the savings in time, man- 
power, and cost of fuel in the opera- 
tion of the locomotive 

TALKING THROUGH RAILS— Second in 
popularity for moving trains is the 
carrier current system In this method, 
electronic equipment is connected to 
the rails of the roadbed and to wires 
paralleling the track Since the tele- 
phone conversations are not broadcast 


Above Using a hand unit 
to recheck flndings regts 
tered by the flaw detector 


Right These cross sections 
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to verify the accuracy of 
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ders from the dispatcher, and at the 
same time maintained radio contact 
with the dispatcher for other matters 
Communication with the engineer of 
the train was provided by a second 
two-way unit mounted in the engine 
This served as a flexible communica- 
tion system for modifying orders with- 
out delaying the movements of the 
tram 

In the office of the chief dispatcher 
was a telephone liandset which was 
connected to a transmitter on top of 
the Baltimore & Ohio office building 
Amplitude -modulated signals were 
transmitted at a power of 50 watts 

The units mounted m the engme and 
caboose had a power of only 5 watts 
One unit was installed in the engme 
cab, with a telephone handset located 
beside the engmeer’s seat In the 
caboose, the unit was mounted on a 
table Power was supplied by storage 
batteries Antennas were installed on 
the roof of the engine cab and caboose 

To overcome the high noise level m 
both engine and caboose, loudspeakers 
were employed for calling purposes 
After contact is made, conversations 
are conducted with telephone handsets 

Maintenance cost of the umts for 


into the ether, there is no need for a 
definite frequency assignment by the 
Federal Communications Commission 
Secrecy of communication is also in- 
sured for the same reason, and there 
IS no possibility of interference with 
other broadcast services 

For some time, the various stations 
on the Milwaukee divisions of the 
Chicago, Milwaukee & St Paul have 
been communicating with one another 
by use of the carrier current system 
Last summer experiments were begun 
to determine the feasibility of installing 
equipment on trains passing over that 
division 

At the FCC hearing, the Louisville & 
Nashville and Kansas City -Southern 
Lines testified that they obtained good 
results m tests with the carrier system 
but also recommended radio for end- 
to-end commumcations Testimony 
from the Chicago, Burlmgton & Quincy 
Railroad, the New York, New Haven 
& Hartford, the Seaboard Airline, the 
New York Central, and the Chicago, 
Rock Island & Pacific highlighted the 
use of radio rather than the carrier 
system 

In the West, where terrain la moun- 
tamous, and there are long hauls 
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through open country with no wire- 
lines alongside trackage, heavy storms 
and snow frequently paraly 2 ^ wire 
communications Carrier current sys- 
tems which depend on wayside wires 
for transmission of the signal, are there- 
fore not suitable Operating under 
these conditions, the Santa Fe, the Chi- 
cago, Burlington & Quincy, and the 
Denver, Rio Grande & Western favor 
use of radio over their lines rather than 
earner systems 

Some advantages set forth for the 
carrier system were (1) no necessity 
to use valuable radio channels or 
licensed operators, (2) signals carry 
from 10 to 20 miles between moving 
trains and from 50 to 100 between a 
moving tram and a wayside station, 

(3) signals are restricted to this range, 
and do not diffuse or interfere with 
other wire communications on railroad 
properties 

TTie advantages of space radio put 
forward were (1) no wire lines par- 
allel to tracks; (2) while no interfer- 
ence has yet occurred between the 
carrier systems tested on railroads and 
wire lines of Western Union and the 
the telephone company, such mterfer- 
ence may occur, (3) carrier current 
IS not suitable in congested areas where 
many railroads enter the same terminal, 

(4) use of the ultra-high radio fre- 
quencies with either AM or FM does 
away with most noise interference as- 
sociated with early tests with space 
radio at lower frequencies, (5) space 
radio would work in cases where it was 
not practicable to use the carrier 
method and was needed to supplement 
the carrier system 

FOR GREATER SAFETY — Use of radio on 
trams, not only for accident preven- 
tion but also to brmg help more quickly 
to the scene of wrecks, was urged at 
the hearings Both head and rear ends 
of trams are seldom damaged at the 
same time in wrecks A radio signal 
from a wrecked tram would be picked 
up over a 50-mile area by radio- 
equipped police cars or other emerg- 
ency radio units After the big At- 
lantic Coastline wreck in December, 
1943, men had to go three miles to 
a telephone to call for help Radio 
equipment on all common carriers 
would result in savings of lives and 
property by bringing rescue squads 
quickly 

The possible use of facsimile re- 
producing equipment for railroad use 
was described by John Hogan, presi- 
ident of Facsimile, Inc He told of suc- 
cessful tests using facsimile between 
a wayside station and a Rock Island 
moving tram over a 12-mile distance 
Other future develop nents described 
were Western Union^s interest in fre- 
quencies for railroads as a means of 
giving telegraph service to passengers 
on moving trams, and the Bell System’s 
mteiest in supplying train passengers 
with public telephone service Both 
companies testified that they are ready 
to co-operate with the railroads 
In spite v/ visual warning signals, 
signs, and gates, many accidents still 
occur at grade cross ngs A step in 
die alleviation of this problem is indi- 
cated by the lecent application to the 


Federal Communications Commission 
by the radio division of Bendix Aviation 
Corporation for a license to broadcast 
railroad crossing warnings to automo- 
biles on frequencies from 60 to 75 
megacycles An arrangement similar 
to this was used for some time on the 
George Washington Bridge across the 
Hudson River to give instructions to 
motorists 

One objection to electronic equip- 
ment that has impeded its adoption by 
railroads is the seeming fragility of 
Its vacuum tubes But this objection 
IS yieldmg ground in the face of the 
widespread knowledge that such equip- 
ment IS used in tanks, aircraft, ships, 
and o tiler vehicles by the armed forces, 
where impact due to shock is usually 
far greater than in peace-time machin- 
ery The performance records made 
by electronics under the trymg condi- 
tions of this war cannot go unheeded 
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FURNACE CONTROL 

Actuated by 
Electronic Means 

w.„ the flame fails in furnaces fired 
by pulverized coal, oil, or gas, elec- 
tromc flame-failure safeguards can 
prevent the development of explosion 
hazards The equipment shuts off the 
fuel supply and attracts the operator’s 
attention by a signal Such systems may 
be modified by the addition of various 
interlocks, furnace purges, automatic 
Ignition, relights, timers, alarms, and 
other devices 

Operation of the equipment depends 
upon detecting a flame’s existence by 
a phototube or an electrode, or both 
Furnaces burning pulverized coal or 
oil, in which flame luminosity is light 
yellow or brighter, generally use the 
phototube detector Ordinarily a blue 
flame, such as gas burners make, re- 
quires an electrode-type detector which 
responds to the presence or absence of 
a flame having an electiical resistance 
of from 1 to 100 megohms 
When flame failure occurs, the re- 
sulting change in the current through 
the phototube or electrode exposed to 
the flame is amplified by electromc 
tubes to the value needed by a relay to 
shut off the fuel valves 

MICA TESTING 

Permits Use of Otherwise 
Discarded Material 

Two NEW electronic test sets detect 
conducting regions in raw sheet mica 
and meaaure the dielectric loss of the 
raw mica in “block" form 
One test set determines loss by 
measuring the power factor of the cur- 
rent flowing through the mica when 
high-frequency voltage is applied across 
it Since ordmary methods of measur- 
ing power factor are too slow for a 
cominercial test of this type, an elec- 
tro 4 iic circuit was designed that aave 


a suitable measure of loss as a smgle 
reading of a volt-meter 

To discover conducting regions in 
stained mica prior to the power-factor 
test, a battery-operated spark coil was 
used A sheet of mica is placed on the 
test plate and the test point is moved 
over its surface Any defective regions 
are indicated by sparking at or m the 
vicinity of the point Only a few sec- 
onds are required for each test 

By the use of these two test sets, a 
large quantity of block muscovite mica, 
considered unusable for capacitors by 
the previous methods, was selected and 
used m about 40,000 capacitors by sev- 
eral manufacturers 

INSULATING GLASS 

Qualities Demonstrated With 

Sensitive Electronic Tester 

i^N ELECTRONIC potentiometer is being 
used to demonstrate dramatically the 
insulating qualities of a newly devel- 
oped Libby-Owens-Ford built-in trans- 
parent window insulation called Ther- 
mopane A Brown Instrument Company 
electronic potentiometer is used m com- 
paring the difference in insulating qual- 
ity between the new product and a 
single pane of glass in test cabinet win- 
dows 

In the demonstration, thermocouples 
were attached to inside and outside 
surfaces of both windows in the cabi- 
net and with an inside temperature 
of approximately zero, the electromc 
potentiometer mstantly picked up and 
recorded a difference of 20 degrees be- 
tween the exterior surfaces of ordinary 
glass and Thermopane 

WIRE TESTER 

Reveals Breaks in 

Covering Insulation 

F lELD telephone wire at a United States 
Army invasion base in southern Eng- 
land IS tested for breaks by passing 
the wire through a metal pipe while it 
IS being wound onto spools. The pipe 
and wire are connected in an electronic 
circuit When a break in the insulation 
IS encountered, a spark jumps between 
the pipe and the wire and causes a bell 
to ring 

INFRA-RED BAKING 

Offers Advantages to 

Bread Industry 

Better loaves m less time is the claim 
advanced for a novel bread-baking ma- 
chine that uses infra-red rays instead 
of oven heat 

Individual pans containing the dough 
are slowly carried on an endless chain 
past batteries of adjustable reflector- 
equipped infra-red lamps of the type 
already in common use in pamt-drying 
and enamel-baking machines Since in- 
fra-red rays are more penetrating than 
ordinary heat, bakmg begins in the 
heart of the load practically as quickly 
as it does on the surface, axid the 
process proceeds more evenly through 
out Smoother crust is another ad- 
vantageous feature 
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CHEMISTBT M OIDaSTBT Conducted by D H KILLEFFER 


Chemistry Serves The Railroads 


Important Contribntions Have Been Made to tho Groat Forward Strides In 
Speed and Comfort by tho Railroads in tho Last Ten Tears. Chemistry Has 
Helped in the Achievement of Lighter Rolling Stocks Lessening of Boiler 
Scale, More Efficient Lubrication, Better Fuels, and Air Conditioning 


C HEMISTRY IS inescapable Even in 
the conservative atmosphere of 
America’s great railroad systems, prod- 
ucts of chemical research and of chemi- 
cal industry are constantly utilized In 
fact, an important part in the contmu- 
mg railroad revolution can be traced 
to applications of chemistry to the 
problem of faster, cheaper rail trans- 
portation 

That these chemical aspects are not 
obtrusive comes from the innate con- 
servatism of railroading and from the 
consequent gradual adoption and ad- 
aptation of the many improvements 
which differentiate today’s trains from 
those of a decade and more ago 
Changes cannot happen quickly on 
the railroads, since the processes of 
evolution operate slowly through the 
immense size and intricate ramifica- 
tions of the systems During the early 
years of the present century, necessity 
made safety the guiding thought, slogan, 
and credo of American railroads Ev- 
erything any railroad man does must 
first be considered in its effect on safety 
before action is taken 
This reaction has been so carefully 
cultivated over such a long period that 
the entire railroad world is built up 
around the thought of safety Thus 
any change must be carefully studied 
and analyzed m order to make com- 
pletely sure that it produces no reduc- 
tion in the factor of safety 
Also contributing to railroad con- 
servatism is the necessity that all roll- 
ing stock on all railroads be completely 
interchangeable between one and the 
others Freight once loaded into a car 
must reach its destination even on a 
different road without needing to be 
reloaded into another car because of 
some difference of habit between the 
carriers involved In the same way the 
design and construction of roads and 
rights of way must conform even down 
to minor details to rigid standards es- 
tablished to insure safe interchange- 
ability of equipment 
Thus it 13 that newer modes of trans- 
portation, by highway and by air, have 
advanced swiftly, compared with the 
slow progress of the railroad revolu- 
tion But it is a revolution m spite 
of appearances The changes basic to 
the revolution are increased speed of 


trains, increased power of locomotives 
needed to move heavier trams faster, 
and increased comfort of passengers 
It seems strange to discuss these 
points at a time when the railroads are 
staggering under the load of war-time 
traffic and when none of their services 
even approaches normal However, the 
present situation, with its high rate 
of obsolescence and the difficulty of 
replacing old equipment, is laying a 
foundation for much more rapid im- 
provement m the future 
The obvious railroad problem is to 
raise the overall efficiency of trans- 
portation, its only salable product 
This means, first of all, faster trains 
And greater speed can be attained in 
two ways by increasing power of, or 
by lightening loads on, locomotives 

COAL AND STEAM STILL RULE-Rail- 
road prime movers are now largely, 
and probably will continue to be, coal 
fired steam locomotives, in spite of 
their already very close approach to 


maximum economical size The reasons 
for the railroads’ preoccupation with 
steam locomotives are readily under- 
stood on the basis of their conservatism, 
and the fact that each of the important 
systems was planned to include access 
to a coal field of its own, with the 
additional fact of the cheapness of 
this form of power Thus, in spite of 
the immense amount of attention lately 
given both Diesel and electric locomo- 
tives, these newer types supply what 
yet amounts to only a small fraction 
of the power consumed on our rail- 
roads 

Obviously, then, any increase in the 
efficiency and power of the railroads 
must be realized by improving the ef- 
ficiency of steam locomotives Yet 
this must be accomplished within the 
limitations of cross-section imposed by 
tunnels, bridges, and other structures 
on the rights of way, within the lengths 
permitted by the minimum radius of 
curvature of the tiack, and within the 
weight limits that can be safely carried 
by bridges and trestles 

When these limitations are consid- 
ered, greatly increased power seems 
quite impossible to realize except by 
raismg steam pressures, and that m turn 
meets structural limitations inherent in 
the peculiar form of the locomotive 
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boiler and the necessity for so many 
strengthening staybolts as to decrease 
circulation Actually, the power out- 
put of today’s locomotives has been 
increased by more than 50 percent over 
those of World War I by the very im- 
portant expedient of increasing their 
efficiency 

The steps by which this has been ac- 
complished have Involved mechanical 
changes in the structure and moving 
parts of the locomotive These changes 
were made possible principally because 
alloy steels of high strength peimitted 
lightening moving parts Important 
among them were redesign of the run- 
ning gear to increase its efficiency, 
lightening connecting rods by making 
them of alloy steels to reduce ineitia 
loads, and improvements in wheel de- 
sign to balance rotating loads more ac- 
curately at higher speeds Basically 
these improvements have depended on 
the appropriate use of the increasingly 
valuable alloy steels and cast irons 
available through combined chemical 
and metallurgical development 


LOSING WEIGHT — The use of high- 
strength alloys, both those containing 
large percentages of alloying elements 
available before Pearl Harbor and the 
efficient low percentage emergency al- 
loys of the war period, is giving rail- 
way mechamcal engineers a new and 
important group of materials The 
availability of these metals has led ta 
an entire reconsideration of the design 
problems of cars as well 

The old conception of a car, whether 
for passengers or freight, was a simple 
platform with a superstructure to pro- 
tect passengers or lading from the 
weather The entire strength of the 
structure was embodied in a central 
beam of great strength but also of 
great weight 

The necessity for reducing weight of 
cars as part of the program for greater 



speed led to consideration of the en- 
tire frame of the car as the strength 
member rather than merely its under- 
frame Engineers redesigned cars as 
tubes housing the lading rather than 
as platforms upon which loads rested 

Further economies of weight were 
effected by th^ substitution of welding 
for the heavier method of riveting 
steel structures together These and 
other less obvious changes, largely 
based upon the use of light, strong al- 
loys instead of the older low carbon 
steels, have made substantial savings 
in car weights 

In freight box cars this saving, has 
amounted to about five tons per cai 
without sacrificmg load capacity or 
safety That means an increase of 10 
to 20 percent in the capacity of a tram 
for pay load, or a corresponding econ- 
omy of cost Clearly this has been 
an important factor in enabling the 
lailroads to carry their staggering war- 
time loads today and will be vital in 
their future services 

These changes and improvements in 
locomotive and freight equipment are 
far less apparent, but far more revo- 
lutionary, than the introduction of 
streamlining, air conditioning, and 
what may be called good housekeep- 
ing, into passenger tiains Using light 
metals — aluminum and its alloys — as 
well as alloy steels, car builders have 
completely discarded old designs and 
have built new cars of wonderful 
lightness and comfort Speed is attained 


Their post-war roles in railroad trans- 
portation seem likely to be highly im- 
portant in this country as they were 
in pre-war years abroad 

Few developments in recent years 
have been so useful in railroad work 
as that of welding techniques Gas, 
electric, and thermit welding have each 
served valuable purposes in building 
and repair of railroad equipment Weld- 
ing has been particularly useful in re- 
ducing the weights of structures below 
those obtained with riveting, yet with- 
out sacrificing strength Each of the 
standard methods of welding in their 
modern forms uses products of chemi- 
cal industry essential in attaining 
superior results as compared with 
older techniques In this, as in other 
fields, the great magnitude of railioad 
demand supplies a sharp goad to the 
development of methods and products 
needed 

SAVING THE SURFACE— Pi otection of 
the huge tonnages of steel and iron 
used in railroad equipment from the 
ravages of corrosion is a gigantic un- 
dertakmg Supplying of materials for 
this purpose alone supports an industry 
itself Conditions for atmospheric cor- 
rosion encountered on railroads are 
particularly severe because of the pres- 
ence of both cindeis and sulfur dioxide 
in the smoke fiom locomotives burn- 
ing soft coal 

Thus, both m magnitude and sever- 
ity this corrosion problem is excep- 
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without the sacrifice of safety In fact, 
safety is increased by lowered centers 
of gravity Furthermore, a distinct 
economy of operation is gained as com- 
pared with the heavy cais of old design 

CHEMISTRY HELPED These basic im- 
provements rest upon vital chemical 
advances The production of the ele- 
ments (chromium, nickel, vanadium, 
molybdenum and others essential in 
alloys) from tlieir ores involves chemi- 
cal processes of great nicety The ef- 
fective utilization of these metals in 
alloys employs the latest and best in 
metallurgical science The light metals 
— aluminum, magnesium, and their al- 
loys — are also products of chemical m- 
dustr> given special emphasis by war 
demands, and are already serving use- 
ful purposes on the railroads largely 
in sharp competition with alloy steels 
in educing the weight of rollmg stock 


tional and hence has stimulated the 
most unportant developments so far 
realized in this field Furthermore, 
both architectural and engineering fin- 
ishes are involved, so that the results 
of developments undertaken primarily 
by, and for the benefit of, the railroads 
actually serve everyone Not only have 
chemists employed by the railroads 
engaged in this important endeavor, 
but those of coating manufacturers and 
of the chemical industry itself, sup- 
plier of the needed raw materials, have 
co-operated actively in the joint effort 
Similarly huge is the problem of sup- 
plying water to the boilers of thousands 
of steam locomotives traversing all 
parts of the country The crux of the 
matter lies in wide variations in the 
character of water available even over 
relatively short distances But that 
would be no problem, and was none 
of any magnitude, so long as boilers 
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were operated well below their maxi- 
mum capacities 

However, the whole completion of 
water supply changes, when, as now, 
the entire capacity of all motive power 
must be fully employed This means 
that even slight variations in composi- 
tion of water beyond recognized limits 
must be corrected to save steaming 
capacity that would be reduced by 
scale, to reduce corrosion and caustic 
embrittlement that constantly thi eaten 
boiler steel, and to minimize cleaning 
and blowdown needed to keep boilers 
free from sediment and objectionable 
concentrations of dissolved safts 

Water treatment is essentially a 
chemical process employing chemical 
products, and is necessarily carried out 
under chemical control to insure opti- 
mum lesults While much of the tech- 
nique of watei tieatment has been 
developed for other purposes, the var- 
iety of waters encountered on the rail- 
roads has stimulated a vast amount of 
research in this field, both by the car- 
riers and by those who supply them 

OILING THE WHEELS— Railroad lubi Ra- 
tion has assumed new aspects with the 
greatly inci eased speed of trains today 
The adoption of improvements in all 
equipment of more efficient bearings, 
of Diesel and electric power, and of 
higher temperatures and pressures em- 
ployed m modern steam engines — has 
changed the lubrication problem sig- 
nificantly New types of oils and 
greases must necessarily be employed 
following changes in the surfaces to 
be lubricated and their conditions of 
operation Here, too, experience m 
other fields has had to bo supplemented 
by deyelopments earned tlirough the 
final stages to fit lubneants precisely 
to then new roles in rail tiansporta- 
tion In this case, as in others, over- 
all developments have gieatly increased 
the loads on lubricants 

Air conditioning of passenger c.irs 
and refrigeration of freight cars owe 
much to chemical industry These two 
closely related functions obviously will 
provide greater and greater service in 
the future Clearly, the public wants 
both in very much their present forms, 
so far as results aie concerned How- 
ever, the future seems sure to witness 
modifications of these two techniques 
to bring them closer together 

Air conditioning of freight space will 
serve the same purpose as refrigeration 
in the preservation of many perishable 
foodstuffs and will actually do it bet- 
ter And few are able to differentiate 
between refrigeration and what passes 
for air conditioning of today’s passenger 
cars Chemical mdustry and chemical 
engineering research have already pro- 
vided answers to these problems well 
in advance of present practice They 
are now waiting for the railroads to 
put them to use 

CHEAPER FUELS— The problem of effi- 
cient use of fuel on the railroads is 
still a major one Clearly, steam loco- 
motives fired by coal will continue, 
probably for a minimum of many 
decades, to supply most railroad mo- 
tive power for reasons already men- 
tioned Efforts to bum powdei^ coal 



In its early research on the design 
of air conditioning systems for the 
railroads, the Carrier Corporation 
used an actual coach In which lights 
simulated the heat of the passengers 

m locomotives have failed of full suc- 
cess, but have demonstrated that im- 
proved efficiencies aie possible 
Oil firing has been accepted as ap- 
proaching the ideal where oil is avail- 
able on a reasonably competitive basis 
with coal This points the way to a 
satisfactory solution use of an oil- 
coal mixture of the type of the so- 
called ‘‘colloidal fuel,” already success- 
fully burned in marine boilers Atomiz- 
ing such a mixture of finely pulverized 
coal in oil gives a flame with the char- 
acteristics of oil flames yet actually 
buining principally cheaper coal 
Thus in the operation of Ameiican 
railroads at the inci eased efficiencies 
required to meet modern competition 
with other means of ti ansport, one 
finds chemistry and chemual industry 
supplying vital materials and techni- 
ques Some of these services were al- 
ready serving other industi les and were 
available for immediate adaptation to 
lailroad needs Othcis have been de- 
veloped by the railroads themselves* 
or at their instigation by others Ob- 
viously, future progress in transporta- 
tion by rail will more and more em- 
ploy chemical developments 


^ ^ 

STARCH LACQUER 

Has Resistance to Heat, 

Weather, and Solvents 

Ali yl starch, a chemical dei ivative of 
starch made by its reaction with allyl 
chloride or bromide, has been shown 
to have valuable properties as a con- 
stituent of varnish and lacquer coatings 
The freshly prepared compound Is read- 
ily soluble in most paint and varnish 
solvents, but when the solution is ap- 
plied to a surface and dried, the re- 
sulting coating cures to an insoluble 
state either by contact with the air or, 
better, by the application of heat 
The final coating is hard, transparent, 


and extremely resistant to weather and 
to solvents It is also resistant to heat 
and will withstand 400 degrees, Fahren- 
heit The development, now in the 
pilot-plant stage, is being conducted 
by the Department of Agriculture as an 
industiial outlet foi farm products 

DICHLOROSTYRENE 

Shows Promise in 

Synthetic Rubber 

Synthetic lesins made by polymeiiza- 
tion of dichlorostyrene instead of sty- 
rene possess both better electrical in- 
sulating properties and highei resist- 
ance to heat The dichloro compound 
is also showing promise in synthetic 
rubber where it is pol>merized with 
butadiene in a way similar to styrene 
The new syntlietic rubber is now 
undergoing exhaustive tests, particu- 
larly in heavy truck tires, where its 
heat resistance is important 
Dichlorostyrene itself is highly active 
and readily polymerizes to resins re- 
sembling the polystyrenes in most of 
then properties, particularly chemical 
resistance, solubility, and appearance 
The point of heat distortion of the 
dichloro resin is 240 to 265 degrees, 
Fahrenheit, compaied with 165 to 190 
for polystyrene 

WELDING PLASTICS 

By Using Hot 

Inert Gas 

A NEW method of “flame” welding of 
plastics IS described in recent reports 
from England The torch heats an inert 
gas — nitrogen — to the proper tempera- 
ture to soften the resin and then di- 
rects the stream of hot gas at the point 
to be softened for the weld The prob- 
lem of control of temperature has 
caused some concern but has been 
solved best by the ‘^kill of the worker 
rather than by intricate control de- 
vices Results are reported to be ex- 
cellent when an inert gas is used instead 
of flame or products of combustion 
diiectly 

PROTECTING CANS 

By Dipping Them in 

Simple Alkaline Solution 

T HIS global war has imposed a severe 
and extraordinary burden on the tin 
coating of cans Failure of the protect- 
ing coating has been frequent 

A new method of impioving the ef- 
fectiveness of the tin layer, made even 
thinner by war, consists of dipping the 
filled and completely processed cans 
into a hot alkaline solution No satis- 
factory explanation of the remarkable 
effect of this simple, quick treatment 
has yet been found 

But the explanation is probably less 
important at the moment than the fact 
that cans so treated resist corrosion 
in humid, hot atmospheres substantially 
longer than untreated cans The new 
protective method entails neither the 
complications nor the expense of 
lacquering, and it lends itself to me- 
chanical application in the cannery 
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Metals Make Railroads 
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T h* history of the railroad industry 
has been underwntten by the 
progress of the metal industries The 
steel rail made possible the great ex- 
pansion in railroad activity in the 
middle of the last century Boiler plate 
made from open hearth steel provided 
the urgently needed solution to the 
problem of larger plates for the bigger 
locomotives being built Steel axles 
permitted heavier loads 
To an even greater extent, however, 
are the futures of these two groups of 
industries Interwoven, for Ae post- 
war period will be a critical one for 
the railroads Informed engineering 
opimon among railroaders is virtually 
unanimous that onjy through extensive 
and thorough-going use of new high- 
strength or lightweight materials in the 
enormous car-building program pro- 
jected can the railroads out-distance 
the expected competition from bus, 
truck, and airplane 
Plans are already underway for broad 
re -design embodying the most modern 
materials for lightweight construction 
We may confidently predict many 
startling developments of this nature 
from the railroad industry in the early 
post-war years 

In its simplest terms, lightweight 
construction can mean either higher 
speed, less power consumption, or 
greater pay-load to the railroad Any 
or all of these factors make railway 
transportation more competitive or 
more economical The lightweight 
construction may be accomplished by 
using lightweight materials (such as 
aluminum alloys, magnesium alloys or 
plywood) or high-strength materials 
(for example, alloy steels, stainless 
steels or heat-treated carbon steels) 


and by employing fabricating methods 
like welding that are ideally adapted to 
this type of construction 

METALLURGY HELPS STREAMLINING— 
From the standpoint of the public, the 
most spectacular application of the 
lightweight development in the rail- 
roads has been in passenger cars — par- 
ticularly in some of the streamlined 
high-speed trains. Here the goal has 
been a combination of speed, comfort, 
and beauty with adequate safety The 
materials used were chiefly aluminum 
alloys, stainless steel, and low-alloy, 
high-strength steels The last are a 
group of steels contaimng fractional 
percentages of chromium, phosphorous, 
copper, nickel, molybdenum, or others, 
with good mechanical properties, weld- 
ability and corrosion resistance They 
are only slightly more expensive than 
plam carbon steeb 
Originally lightweight passenger car 
construction was based on aluminum 


alloy (pioneered by Pullman-Stand- 
ard) or on stainless steel (pioneered 
by Budd) The development of the 
much cheaper low-alloy steels provided 
a third and welcome medium that was 
put to use by practically all car builders 
in some form 

At the beginning of the war, when 
construction of passenger cars was dis- 
continued, four structural types were 
being built — (1) all-aluminum-alloy, 
of riveted girder type side construction, 
lighter by several thousand pounds than 
any other, but more costly, (2) stainless 
steel, of truss-frame construction with 
spot-welded connections, and with the 
outside sheets functioning as covers 
rather than strength members, (3) 
low-alloy steel truss-frame, of all- 
welded construction, with sides cov- 
ered with corrugated stainless steel, 
and weighing about the same as all- 
stainless cars of equivalent strength, 
and (4) welded-girder constructed 
throughout of lovr-alloy, high-strength 


Right! Cor-ends pi low-oHoy 
steel core being cold-flonged 
Ckiurtesy Inland Steel Company 


Belowi Low-oUoy steel made 
by the Bethlehem Steel Com- 
pany was used In building 
this lightweight doy coach 
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steel, weighmg only a trifle more than 
the truss-type car but less expensive 

LIGHTWEIGHT TRAINS POPULAR—At the 
present time there are some 120 light- 
weight streamlined passenger trains and 
hundreds of additional lightweight cars 
in use A comprehensive and detailed 
analysis of their performance has shown 
that before the war they were distinct- 
ly profitable investments for the rail- 
roads and that during the war period, 
with all trains presumably loaded to 
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their doors, the lightweight trams show 
larger proportionate increases in traf- 
fic handled than the standard trains 

For this reason virtually every rail- 
road plans to add streamlined light- 
weight trains to its lines, a survey made 
by a leading railway business magazine 
recently revealed Railway executives’ 
comments ran something like this ‘^The 
railways realize their present passenger 
equipment is outmoded and are plan- 
ning to replace it with modem light- 
weight equipment just as soon as 
possible after the war” “The im- 
proved metallurgy coming out of this 
war will insure light weight with the 
utmost in comfoit I look for a tre- 
mendous improvement in the speeds 
with which railway trains are operated ” 
“We are so thoroughly convinced 
that comfort and speed are so impor- 
tant that at the end of the war we will 
proceed as rapidly as we can to re- 
place all of our conventional equipment 
with modern cars” 

The big question now is “Which 
materials will participate most heavily 
in this enormous car-building pro- 
gram^” From 1935 through 1939 some 
1458 passenger cars were built, of which 
63 percent were of low-alloy steel, 20 
percent of stainless, 11 percent of alu- 
minum, and only 6 percent of conven- 
tional design using ordinary carbon 
steel This may foreshadow the future 
trend 

However, weight is not the sole fac- 
tor, although it IS obviously the prime 
mover The so-called “steel” coaches 
(they embodied considerable wood) of 
1906 weighed 110,000 pounds A typical 
all-steel coach of the late twenties 
weighed 130,500 pounds, but was longer 
and carried many moie specialties Mod- 
em de luxe cars weigh less than 120,000 
pounds, despite a startling increase in 
the weight of specialties over the last 
25 years If the modem cars were to 
have specialties similar to those of 
1906, we would find typical low-alloy 
steel cars weighing 113,000 pounds, 
ciluminum-alloy cars weighing 105,000 
pounds, and stainless-steel cars some- 
where between 

This IS a remarkable weight-saving 
accomplishment in car bodies, especial- 
ly in view of an increase of some 10 
feet in the length of typical cars of 
today over those of 1906 On the other 
hand, it also points a stern finger at one 
outstanding direction in whu h pas- 
senger car design can still be radically 
improved* the lightening in weight of 



the specialty items, which are follow- 
ing a trend opposite to that of the car 
bodies 

METALS WILL COMPETE— Only time will 
tell which of these three types of 
materials is best and cheapest for pas- 
senger car structures The war has had 
the most pronounced effect on aluminum 
by enormously increasing its production 
capacity and by spreading the know- 
how of handling the material on a 
much broader scale than ever before 
For extreme light weight and highest 
speed, aluminum cars are still the most 
popular 

Stainless-steel cais, on the other 
hand, have the most eye -appeal and 
their strength-weight ratios in the cold- 
rolled condition are outstanding Fur- 
thermore, they require no painting or 
other protection The low-alloy steel 
cars, finally, have good all-round prop- 
erties, are the cheapest of this group 
and can be used as-rolled — that is, they 
do not require heat treatment as do the 
aluminum alloys nor must they be fab- 
ricated in the difficult cold-worked con- 
dition as must the stainless steels 

Magnesium alloys are generally ad- 
mitted, even by their manufacturers, 
to have little possibility of early use in 
the structural members of railway cars 
They can and will be used, however, 
for many non-structural applications, 
especially to lighten the weight of spe- 
cialties 

Of course all this ignores the possi- 
bility of new magnesium alloys with 
radically different properties than those 
now on the market, but none are as yet 
evident At the same time, the alumi- 
num industry Hot produced something 


which the railroad industry has yet to 
place in commercial use — ^new, super- 
strength aluminum alloys and clad ma- 
terials with vastly improved strength- 
weight ratios — ^while a new low-alloy 
steel containing molybdenum (Alde- 
cor) has just been announced 

IMPROVING FREIGHT CARS— But what 
about the more prosaic freight car’ 
Here the competition is narrowed to 
exclude the expensive stainless steels 
from all but the most specialized con- 
sideration It is stretched, however, to 
include copper-bearing open-hearth 
steel and steel castings (liquid- 
quenched and otherwise) as well as 
aluminum and low-alloy steel for 
lightweight construction The choice is 
of considerable economic importance 
to the railroads Every reduction in 
weight of one ton represents an operat- 
ing saving of $15 per year to a road 
Hence, a typical reduction of 10,000 
pounds in a single car means $75 per 
year In terms of increased payload, a 
reduction of three tons per car is re- 
ported to result in 5 to 7 percent greater 
payload regularly 

The popular material to date seems 
to be open-hearth steel containing 
a small amount of copper The low-al- 
loy steels are nevertheless currently re- 
ceiving extremely favorable attention 
from designers and prospective pur- 
chasers of post-war freight cars, be- 
cause for many applications their cost 
IS so much less than for a car of the 
same weight made of aluminum Actu- 
ally, in nature and cost, they are much 
closer to the ordinary open-hearth steels 
than to the aluminum alloys, yet their 
weight-saving possibilities are substan- 
tial Many alert car builders consider 
them a more economical solution to the 
lightweight problem than the copper- 
bearing steel mentioned earlier 

The seriousness with which the rail- 
road industry regards thu matter is 
well indicated by the recent order 
placed by the Missouri Pacific Railroad 
for 25 aluminum alloy 70-ton hopper 
cars to be made by American Car and 
Foundry Company — said to be the first 
order of its kind ever placed The 
entire bodies will be of aluminum alloy 
with the center sills and bolsters of 
steel The cars, when empty, will 
weigh about 38,000 pounds each, con- 
trasted with an average weight of 50,- 
100 pounds for the conventional steel 
70-ton hopper car, or about six tons 
less for the locomotive to pull They will 
have 240 cubic feet greater carrying 
capacity The railroad intends to study 
closely the performance of these cars to 
determine whether their higher cost 
is sufficiently counterbalanced by the 
resulting improvement in net operatmg 
revenue from them 

CHEAPER METALS SUGGESTED— Two 
other means of achieving weight saving 
in freight car construction without 
adopting highly expensive materials 
have recently been suggested by out- 
standmg metallurgists One is that the 
railroads attempt to utilize quenched- 
and-tempered plain carbon or low-al- 
loy hardenable steels for structural 
members, based on the experience of 
the automotive and aircraft industries 
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that “heat treatment is the cheapest 
practice metallurgy has to offer for in- 
creasing the strength of steel without 
too great a sacrifice of ductility “ 

The other suggestion was that the 
railroads determme for how many im- 
portant applications they might not 
profitably forego their present practice 
of specifying a more expensive, com- 
pletely deoxidized, fine-grained, non- 
aging steel, and (where no corrosive 
service is mvolved) use instead a semi- 
killed steel with just enough carbon 
and the cheaper alloys to raise the 
strength to the proper level and still 
keep the steel cheap 

By regulating the rolling mill prac- 
tice, it is often possible to secure im- 
proved structures to meet the require- 
ments Not yet tried by the railroads, 
this approach has been highly success- 
ful in other applications, in one of 
which It has been in regular large-scale 
use for several years 

BETTER LOCOMOTIVES — In the case of 
the locomotive, side and drive rods are 
under continual study to reduce their 
weight or increase their ability to re- 
sist stress Here again the answer would 
seem to he in the heat treatment of 
the parts to get the most benefit from 
their alloy content New high tempera- 
ture alloys have improved the per- 
formance of locomotive boiler systems, 
which in the post-war period will 
therefore operate at higher tempera- 
tures and pressures than formerly 

In this respect a most significant de- 
velopment IS the emergence of the gas 
turbme as a potentially important rail- 
way prime mover Engineers are agreed 
that the gas turbine will certainly be- 
come of mterest as a locomotive drive 
when alloys of sufficient heat resistance 
to match the temperatures required for 
most efficient operation become gener- 
ally available 

Many other materials find important 
and changing use m our heavily loaded 
railroad systems Copper and its al- 
loys serve to the extent of more than 
a billion pounds m permanent use, 
primarily in the conductor wires for 
electrical railways, signal systems, 
headlights, and so on In addition, they 
are important constituents of railway 
train air-conditioning systems which 


are expected to be umversally installed 
in post-war trains Brasses and bronzes, 
lead, tin, and their alloys are widely 
used for bearings, while all types of 
solders and brazing alloys find sub- 
stantial application in locomotive con- 
struction and m the assembly of general 
electrical systems as well as decorative 
Items and other specialties 

Steel castmgs are among the most 
important of railway car materials, be- 
ing used for bolsters, side frames, 
couplers, and so on Axles have re- 
ceived a great deal of attention lately 
A general effort is underway to reduce 
their weight by various means, among 
them heat treatment and the develop- 
ment of a hot-pierced, hollow steel axle 
As to wheels, chilled iron wheels have 
been traditional for freight cars, but 
steel wheels are receiving increased ap- 
plication as the speed of freight traffic 
increases 

The best possible closing for this 
article is provided by S L Hoyt and 
H W Gillett of Battelle Memorial In- 
stitute, who said in a recent paper 
before the American Society of 
Mechanical Engineers “It seems clear 
that we have entered a new era, that 
of high speed traffic A corollary 
of high cpeed is low weight Re- 
course must be had to new materials 
which are either inherently stronger 
or which have a more favorable 
strength-weight ratio than the old 
Insofar as high speeds affect fabrica- 
tion or construction, the outstanding 
feature of recent years has been the 
swing to welding to save weight and 
increase the joint efficiency It is the 
hope of all that the new materials 
and the new methods of shaping, join- 
ing, and fabrication will provide needed 
answers to many railroad problems “ 

The most progressive railroad men 
are certain that they will’ 


^ ^ 

HIGH-SPEED MILLING 

With Carbide Tools and 
Negative Rake Angles 

New machining developments of re- 
cent years have been as spectacular 
in their production and cost benefits as 
the new and increasingly used practice 


of milling steel at very high speeds 
with carbide tools and negative rake 
angles Higher production, better fin- 
ish, and lowered heat-distortion are the 
outstanding advantages — in some in- 
stances production increases of several 
hundred percent over ordinary milling 
practice using tool steel cutters have 
been recorded 

Originally a West Coast aircraft in- 
dustry development, the practice is 
spreading fast to alert shops throughout 
the country The accompanying illus- 
tration shows graphically the differ- 
ence between conventional milling and 
negative rake angle practice 

Actually, the inner edge of the cut- 
ter is ahead of the outer edge The ac- 
tion has been likened by a North 
American Aviation engineer to a stroke 
of the hand in the sand If the forward 
stroke is by the finger tips of the hand 
(positive rake) they dig into the sand 
but if the forward stroke is accom- 
plished by the heel of the hand (nega- 
tive rake) the bite into the sand is 
a drag, the line of force flowing back 
through the wrist and arm to be ab- 
sorbed by the shoulder joint 

ELECTROGALVANIZING 

Provides Protective Zinc 

Coatings on Steel 

A NOTABLE trend m the applications of 
metals and metal coatings is the grow- 
ing interest in and use of electrogal- 
vanizing as a method of producing rela- 
tively thin but adequately protective 
zinc coatings on steel 

Using the same electrolytic lines that 
have revolutionized production of tin 
plate, there arc now 26 units m the 
United States capable of turning out 
electrolytic zinc-coated sheets High 
purity zinc is being deposited on con- 
tinuous strip up to 38 inches in width, 
at a speed of 160 feet per minute, in 
coating weights up to 0 2 ounces of zinc 
on both sides, per square foot of strip 

This development offers many possi- 
bilities in the expansion of the use 
of pre-plated metals, and the automo- 
tive industry is giving serious consid- 
eration to the possible use of such zinc- 
coated steel for body stock Considera- 
tion is also being given to the use of 
small stampings made from zinc-coated 
steel, where the protection of zinc is 
carried over to the cut, unplated edges 
through galvanic action 
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In the Mninal Working Balnlions oi Bailway Car Whoals Bolling on Stool 
Bails There aro Some Interesting Applicatiens of FnndamoBial Science 
An AhhroYiated Consideration of tho EHocts of Eoavy Strossos and Strains 
on Both Whoels and Bails. Bow Much Wheel Area Tenches the Bail? 

By L K SILLCOX 

HrHt vire President The New York Air Brake Company 


OF THE WHOLE SUBJECT oi railroading 
porhapg tho leagt likely phase to hold the 
public attention is that oi the relationship 
oi wheels and rails Though romance ia 
vors '"The Iron Horse"; though the public 
taste leans toword more luxurious lounge 
and bar cars, and though saiety in the 
iorm oi reilned signal and communication 
systems meets a proper public insistence 
down under the comiortable troin on which 
you ride there is something basic to all 
these — the homely, commonplace, but all 
important wheel and track combination 
In the accompanying article the author 
has condensed some oi the iundamental 
meat oi a wheel and track science about 
whose extent not all oi us are very con 
scious Have you ever wondered how the 
wheels oi a railway car withstand the 
rampant stresses to which they are heavily 
sublected? How the rails resist the action 
oi the wheels? What mechanical consider 
ations surround so apparently simple a 
question as how a train stays on the 
tracks Aiter reading this orticle you will 
be likely to watch and study the wheels 
you see rolling on rails, and will be made 
more conscious oi how the railroads main 
tain their splendid saiety and service 
The author oi this article is the author 
oi a book Mastering Momentum," a study 
of railway equipment and its operation 
- The Editor 


O RIGINALLY railway cai wheels were 
made of wood and were run on 
wooden rails As at present, a flange 
on the side of the rim seived to guide 
the wheel but, later, flanges were placed 
on the rail in order that wagon wheels 
could be operated on them Eventually 
the flanged wheel was found to be the 
more satisfactory, and the guiding 
action was returned to the wheel 
The wooden wheel was discarded 
about 1767, and many designs were ex- 
perimented with before the present 
types were universally agreed upon 
These are the chilled-iron wheel, the 
cast-steel design, and those of wrought- 
steel, both single and multiple-wear 
In 1789 the process of clulling iron 
was developed, but the first chilled- 
iron wheels did not appear until about 
1816, and by 1867 this wheel design 
had been quite generally accepted for 
freight car use 

By 1865 steel was becoming impor- 
tant as a metal in wheel design, steel 
tired wheels being installed under 
passenger cars in this country and un- 
der both freight and passenger cars in 
England 

The next development m the evolu- 


tion of the cai wheel was the one- 
piece wrought-steel type, experiments 
beginning in 1900 and the first major 
installation being made in 1906 This 
design is very similar to that known 
as the multiple-wear steel wheel of to- 
day, in which the tread is thick enough 
to permit turning down after wear, 
although in some instances the present- 
day wheel IS heat treated by quenching 
and tempering to harden the tread and 
flange, thereby reducing the rate of 
wear The wrought-steel wheel is ini- 
tially formed into rough shape by forg- 
ing under a press with the plate part 
of the wheel straight In a further 
operation the plate part is coned or 
dished by pressing into its final form 

About 1926 the one-wear wrought- 
steel wheel, with a reduced plate and 
web thickness, was introduced The 
only other difference from the multiple- 
weai design was a reduction of the 
tread thickness, making it impossible to 
restore normal contour by turning 
down Prior to this innovation, m 1903, 
cast-steel wheels had been introduced 
into service on a test basis, the first 
installation in this country bemg in 
1911 This wheel is cast m a mold fitted 
with metal chillers around its outer 
circumference It is heat treated after it 
IS cast 

A relatively recent addition to wheel 
design is the spun-steel design In the 
manufacture of this wheel a special 
steel is poured into a mold revolvmg 
at high speed Subsequently it is heat 
treated also 

WHEEL AND RAIL DEFECTS—In load 
support and m guiding along the rails, 
wheels and rails receive identical 
stresses A wheel and a rail have much 
in common, even as to form Each has 
a substantial contacting mass to receive 
traction abrasion In the wheel, the 
rim is supported by a broad area, the 
hub, and similarly in the rail, the head 
IS supporte4 by a broad area, the rail 
base The hub and rim of the wheel 
are connected by a relatively light 
member, and so are the head and base 
of the rail The contacting areas are 


termed the wheel tread and the rail 
running surface 

Wheel tread defects also have then 
counterparts in defects in the running 
•surface of rails Wheel rims and rail 
heads fail by local distress, or loss of 
metal, and by transverse breakage The 
breakage of rail webs from lateral stress 
sometimes occurs corresponding with 
the collapse of plates of wheels undei 
torsion from heavy traction couples, 
oft-repeated and quickly applied and 
reversed 

The sliding of a wheel without rota- 
tion has an effect upon the tread that 
IS very similar to the effect upon the 
rail of slippage of traction wheels with- 
out forward motion In the first case, a 
single point in the wheel periphery en- 
gages a rail runmng surface which con- 
stantly presents a new contact In the 
other case, when ti action wheels slip, 
a single point on the rail is acted upon 
by a renewing wheel contact In eithei 
case, energy dissipation is concentrated 
over an extremely limited area of one 
surface, high temperature results, struc- 
ture of the metal is affected, and a los^^ 
of metal may occur beyond the abrasive 
effect Reactions upon wheels may be 
equalled by reactions on the rails upon 
which they bear, but they are vastly 
more repetitive on the wheels 

SHELLED WHEELS. RAIL BURNS— In so 
far as failures of wheels under load arc 
concerned, two effects are predominant 
In the first, vertical pressures between 
wheel and rail introduce shearing 
stresses which frequently approach al- 
lowable working loads for the materials 
ordinarily employed — even when sub- 
jected to the most favorable operating 
conditions Tensile and shearing le 
sistance of carbon steel decreases ma- 
terially at elevated temperatures and 
there are two factors, met in normal 
railway operation, which create suffi- 
ciently high local temperatures to 
weaken appreciably the resistance of 
the material Their effects are obvious 
When a non-rotating wheel slides, a 
temperature of 800 degrees, Fahrenheit, 
or more, is momentarily developed at 
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one point in the tread of the wheel and 
the strength of the material may be 
reduced as much as 40 percent Should 
the ultmiate resistance be exceeded 
under these conditions, a section of the 
metal breaks away and may be dis* 
lodged long after the overheating and 
stressing occur, or evidence of them 
IS removed When wheel metal is lost 
in this manner the visible defect is 
termed a “shelled” spot A lail “burn,” 
which has the same appearance as a 
shelled spot in a wheel tread, results 
from identical conditions — a railway 
wheel, rotating for an appreciable 
time but bearing upon one point on the 
rail, weakens the metal, produces frac- 
ture along natural slip planes, and the 
metal subsequently separates 
In the second effect of loaded wheel 
failure, high tread temperatures, ex- 
tending completely around the periph- 
ery of a railway wheel, may result from 
prolonged braking at lugh pressure and 
speed Under these conditions, as with 
soft wheel treads, shelling is ag- 
gravated, and wheel metal is reduced 
to a statfe where flow occurs — a pressing 
of the metal away from the beaiing 
zone until it projects beyond the edge 
of the wheel rim This has proved very 
troublesome where interference with 
closely fitting parts of the brake mech- 
anism has been experienced Ordinarily, 
only loads exceeding 25,000 pounds per 
wheel produce this defect, and the 
greatest difficulty is experienced with 
locomotive tenders because wheel load- 
ings in other services are usually not 
excessive 

WHEEL LOADING— The pressure with 
which cast-iron brake shoes must be ap- 
plied to wheel treads to produce a given 
braking rate increases somewhat faster 
than in direct proportion with the total 
weight supported Very high speed 
operation demands still higher brake 
shoe pressures and extends both the 
time and distance over which this pres- 
sure must be sustained Despite a some- 
what variable coefficient of brake-shoe 
friction, the pressure is a direct measure 
of the energy mput, represented by 
heat, which wheels and brake shoes 
must receive during braking In this 
way, weight again must take indirect 
responsibility for wheel damage — in 
some cases evidenced by characteristic 
shelling when loading is extremely 
heavy, and at other times by thermal 
checking under more moderate bearmg 
pressures. 

THERMAL CHECKS— A thermal check is 
a hairline crack extending across the 
wheel tread and is the result of a dif- 
ference in the rate of expansion be- 
tween a very thin surface layer and 
the underlying metal Exposed to abra- 
sion by the brake shoe, which reaches 
local temperatures as high as 2500 de- 
grees, Fahrenheit, in extreme cases, a 
thm nbbon of wheel tread metal re- 
ceives tremendous local energy (heat) 
accumulations at so rapid a rate that 
a high temperature difference is set up 
between the tread and the body of the 
rim The resulting difference in ex- 
pansion, together with the change in 
nhysical structure of the surface metal, 
results in these tread cracks A zone 


develops which encourages and, at the 
same time, is highly susceptible to stress 
concentration. High local stress, fatigue 
conditions, and impact effects combine 
to increase the crack and if it is per- 
mitted to extend it may cause a com- 
plete fracture of the wheel, extending 
from the defect on the tread all the way 
to the hub This is a reason for the sub- 
stitution of a steel-tired wheel for the 
all-steel design in extreme cold cli- 
mates Here, while the wheel tread 
temperature is elevated during braking 
to a degree comparable to that experi- 
enced in warmer territories, the hub 
remains much cooler, with a resulting 
intolerable temperature gradient for 
solid wheels 

The service of railway car wheels has 
become progressively more exacting 
without correspondmg study being ac- 
corded to the capacity of wheels and 
rails to withstand the requirements of 
the service and difficulties to be met 
Yet, because of many practical and 
structural limitations, it has not been 



Tho bearing ii at a theoretical 
point enlorged by metal yielding 


possible for railways to compensate by 
employing larger wheels or enlarging 
the running contact with the rail by 
adopting broader rail heads There are 
instances where a greater number of 
wheels could be applied to advantage, 
lelievmg the demands per individual 
wheel, reducing wheel maintenance 
cost, improving equipment utilization, 
and affording insurance agamst service 
failure, but such an expedient increases 
initial cost and adds to weight. 

In most cases, railways have pre- 
ferred to suffer necessary mamtenance 
expense, and to depend upon rigid in- 
spection for security from accident The 
records show their service to be out- 
standingly safe but with a cost penalty 
suffered m many instances, an element 
that is being improved as materials re- 
search progresses 

LATERAL LOADING — Thrust loads— 
which m railway tenninology means 
the side pressure exerted by the wheel 
flange upon the raij head — are inescap- 
able but must, in the interest of com- 
fort and safety, be maintained below 
certain specified maxima The magm- 
tude of thrust loading at wheel flanges 
Is judged only by lateral impacts trans- 
mitted to car bodies and recognized m 
resulting riding qualities Inasmuch as 
the flange guides the trucks along the 
rail “highway,” excessive flange wear 
is sometimes taken to be a measure of 
that service performed, but more often 
it is an indication of questionable equip- 


ment maintenance Lateral loads on 
railway wheels introduce definite and 
severe bending moments within the 
wheels^ These are relieved by yielding 
lateral restraint through swing hanger 
and spring devices, but they reach high 
values The fact that wrought-steel 
railway wheels have been successfully 
continued In services many times more 
severe than those in which they were 
heretofore required to operate, yet still 
have offered a high degree of security 
against service failure, is indicative of 
the measure of safe performance which 
was originally incorporated in the de- 
sign 

MATERIAL SELECTION— Not far in the 
past the heaviest wheel loading gen- 
erally practiced, plus the most severe 
heating effects experienced in braking, 
did not tax the capacity of wheel and 
brakeshoe materials or involve the rail- 
ways in unusual maintenance expense 
As long as this was true, there was 
little incentive seriously to investigate 
the possibilities of alloy substitutes foi 
wheel materials or the potential advan- 
tages to be secured by carefully con- 
trolled heat treating All this has 
changed Molybdenum is now an in- 
gredient in many railway car wheels 
used in exacting service, and the low 
carbon wheel, resistant to the origin 
of thermal cracks, is being made more 
suitable by precise heat treatment, care- 
fully carried out 

INTERNAL EFFECTS — Under verUcal 
loading, intense shearing stresses are 
delivered simultaneously to wheel rim 
and rail-head metal in contact, subject- 
ing them to crushing strains, compact- 
ing the material, cold working the 
structure, and altering their physical 
properties A chilled-iron or wrought- 
steel wheel of standard tread contour 
bears upon a new rail head surface, 
or one worn in the customary man- 
ner, over a limited area of contact 
This IS illustrated in an accompanying 
photograph in which a portion of the 
wheel Is shown on a rail section Al- 
though the contact area theoretically is 
a point, that degree of perfection is 
never attained in practice As the 
wheel tread becomes worn, its contour, 
starting with the standard taper of 1 
part in 20, becomes more nearly cylin- 
drical, in which case the point of con- 
tact is in fact not a pomt, but a line 
Tlie wearing of the rail head also has 
Its effect m developing this condition 
Add to the effect of wear, the strains 
arising from wheel loading, and the 
actual point of contact becomes an area, 
Its size being governed by the physical 
characteristics of the contacting metals 
and the loading imposed In the case 
of a 33-inch diameter wheel, bearing 
upon a new 100-pound rail, the initial 
contact area under 30,000 pounds load 
will be approximately circular in shape 
with a diameter of % inch The meas- 
ured area under this condition is ap- 
proximately 0 30 square inch — a unit 
lokding equivalent of 100,000 pounds 
per square inch Surface wheel metal 
compresses under such conditions, and 
vertical flow within the metal has been 
measured at a depth of % inch , The 
separation of wheal tread metal is im- 
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YEARS AHEAD OF ITS TIME 
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hallicrafters Model S-36 

E xactly five years ago — in 1940 — Hallicrafters introduced a very high 
frequency communications receiver with a range of 27.8 to 143 Me. This 
model was clearly five years ahead of its time in its anticipation of new and 
exciting possibilities for superior performance on the higher frequencies. 
Today Model S-36 stands by itself as the only commercially built receiver cov- 
ering this range. It is outstanding for sensitivity, stability, high fidelity. With its 
extraordinary VHF versatility it is ready for immediate application in the ever 
widening fields of FM and higher frequency development work. Engineering 
imagination at Hallicrafters is reaching out beyond the next five years, beyond 
the present known limits of radio technique so that Hallicrafters equipment will 
continue to be always ahead of its time, above and beyond your best expectations. 
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tnm«nt and the shelling out of the 
wheel surface is to be expected under 
such circumstances 
At the same time, flow in the rail 
head occurs At 25,000 pounds wheel 
load, some compression with actual de> 
formation occurs at a depth of mch 
At 15,000 and 20,000 pounds wheel 
loads, no deformation can be measured 
at y\ inch depth but, whatever the 
load may be withm the range of com- 
mon installations, a ribbon of surface 
metal is affected and repeated use un- 
der light load prepares both rail and 
wheel by cold rolling to receive heavier 
loading without damage Just as a 
stiff rail distributes an individual wheel 
load over a distance embracing a num- 
ber of ties, rather than transmitting the 
whole pressure to the tie or ties im- 
mediately below the point of wheel-rail 
contact, so, in the rail, the effect of the 
cold-rolled surface is similarly to dis- 
tribute the load throughout the rail 
head The rail deformation previously 
referred to in connection with the 
wheel does not exist in a rail which 
has a cold-rolled and consequently 
hardened surface, in a degree com- 
parable to a more yielding surface 
Hence, loading stresses are distributed 
over a longer section of rail head A 
similar effect must be obtained in the 
tread of a wrought-steel wheel if tlie 
initial loading can be lightened, per- 
mitting the tread surface to roll to a 
suitable fimsh without overstressing the 
metal before applying the highest load 
that it will be required to sustain 


of loading, it is received and its reac- 
tions are set up without danger m any 
but most extreme cases, and without 
mvolving sufficiently great maintenance 
expense to demand correction 
Were forces of like order delivered 
laterally, operation would be unsafe, 
smee guidmg along the rails would be 
seriously affected by excessive flange 
pressure against the rail head Further- 
more, this force would have a tendency 
to loosen the rail from its fastenings 
and, m extreme instances, the rail could 
be overturned 

LATERAL STRESS IN RAILS — Lateral 
stresses in rails, delivered at the rail 
head and loading the rail section at a 
distance above its supporting ties equal 
to rail height, arise from the position 
of the wheel on the rail head, as deter- 



The wheeL an Invention on which 
our modem civiUiation It based 


WHEELRAIL CONTACT AREA — As the 
diameter of a wheel is increased for a 
given wheel loading, the area of wheel - 
rail contact increases, and unit loading 
IS decreased In any case, the area of 
contact increases with service as both 
wheel tread and rail head contours ad- 
just themselves to the average condi- 
tion Moreover, contact areas increase 
proportionately with the magnitude of 
the load, mdenting both supporting 
surfaces and tending toward the auto- 
matic accommodation of whatever stress 
may be applied It has been found that 
the load supported by locomotive driv- 
ing wheels of 79-inch diameter is dis- 
tributed over the measured area of 
contact with surprising uniformity 
These are wrought-steel tues On the 
other hand, the load carried by new 
33-inch chilled-iron wheels is sharply 
concentrated at the center of contact 
The dlstmction relates to the size of 
the two wheels under consideration, 
and not to the material of which they 
are composed 

While imtial contact areas are of sub- 
stantially circular configuration, the 
areas gradually assume elliptic forma- 
tions with continued wear of wheel 
and rail Actual intensity of maximum 
pressure in the rail head is greater 
beneath 33-inch, chilled-iron car wheels 
with customary loading than beneath 
the heavily loaded drivmg wheels of 
63-inch diameter and over In either 
case it can be shown that, because of 
vertical pressures alone, and with selec- 
tion of unit wheel loads of the order 
commonly used, excessive stresses fre- 
quently are experienced By virtue of 
the nature and direction of this type 


mined by wear of the contacting areas, 
from the lateral sliding of wheels on 
rails permitted by the necessary clear- 
ance between rail and flange, from the 
inclined installation (canting) of rails 
practiced by some railways to secuie 
more liberal wheel-rail contact area 
when new wheel treads are given an 
imtial taper, and from the guiding of 
wheel flanges on curves The gradual 
super-elevation of the outer rail on 
straight track approaching curves estab- 
lishes a type of lateral loading identical 
with that resulting from a canted rail 
The amount of super-elevation of the 
outer rail on curves is established for 
a single speed and, if the actual operat- 
ing speed is either higher or lower than 
th^ ideal, a similar lateral loading will 
result If the speed is too low the re- 
action IS against the mner rail and, if 
too high, against the outer rail 

WHEEL TREAD TAPER — The standard 
taper of 1 in 20 to which car wheels 
are formed mtroduces a lateral com 
ponent of negligible amount which 
presses each rail in an outward direc- 
tion Since this component and actual 
flange pressure cannot occur simulta- 
neously, the effect of tread taper upon 
rail stresses need not be considered 
Tread taper is furnished to provide a 
centering tendency of the wheels on 
the rails To be most effective, a much 
steeper taper would be required and 
this in turn would increase lateral pres- 
sure proportionately — a condition 
which, though imdesirable, would be 
evidence that the centering function 
was being served 


When the matter of unbalanced 
wheels is treated, the natural reaction 
18 to think of the locomotive drivers 
but, surprisingly, road tests conducted 
for the purpose of checking tl^e magni- 
tude of rail stress arising from driv- 
mg wheel unbalance have disclosed 
that even higher dynamic blows may 
be struck by the wheels of heavily 
loaded tenders and freight cars Not 
only is the rail stress increased mark- 
edly, but there is a tendency for the 
wheels to run hot Furthermore, a rail 
surface condition, termed rail corruga- 
tion, may result from the intensified 
tail pressures induced by the passage 
of unbalanced wheels at high speeds 
The result is a noisy rail which is 
sometimes referred to as ^‘roaring” or 
“washboard” track The rail, its fast- 
enings, and supporting structure are 
damaged, as is the equipment which 
moves over it There are various nunor 
causes for corrugation, but there is one 
basic condition which must be imtiated 
if the phenomenon is to develop syn 
chronized vibration with an accom- 
panying overstressing of the rail metal 
Both rolling stock and track structure 
have definite peiiods of frequency of 
vibration, and if those frequencies syn- 
chronize, corrugation will result Add 
to that the increased stress caused by 
unbalance and the condition is ag- 
gi avated 

SIGHT AND SOUND— In the past, when 
car inspectors with hammers came out 
and tapped wheels on passing trains 
during terminal stops, their ability to 
discover defective wheels and axles, as 
well as wheels loose on axles, became 
truly remarkable after experience They 
depended entirely on the sound emitted 
The more recent change from the 
“sound” to the “visual” method of m- 
specting railway wheels and axles 
brings into clear distinction the differ- 
ences m the technique involved to 
reach a similar goal 

The later system did away with the 
reassurmg sound of the inspector’s ef- 
fort and substituted one where sight 
and silence alone are depended upon 
Elaborate means have been worked out 
to make this system work by employ- 
ing depressed pits fitted with mirrors 
(no doubt a forerunner of an “elec- 
tric eye” technique) where trained 
men with the most expert vision are 
stationed to discover defects in passing 
trains The skill and the alertness of 
the crews assigned to this work are 
demonstrated every day by subsequent 
inspection of the umts of equipment 
they have thus marked out for repairs 
and which might otherwise have caused 
a bad wreck 

However, the method of tapping 
wheels, or mspection by sound rather 
than vision, is still followed by some 
of our more northerly situated rail 
ways The cold climate creates a higher 
heat gradient, or difference in tempera- 
ture between parts of the wheel, and 
thus increases the chance that wheel 
defects may develop Also, the pres- 
ence of snow and ice make visual m- 
spection less reliable Therefore the 
greatest precautions must be practiced in 
order to safeguard properly the equip- 
ment and its integrity of movement 
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SEHSATIIHAL WAR lARGAlAS 

in LENSES i PRISMS 


All Items Finely Ground and Polished but Edges Slightly Chipped or Other Slight Imperfections 
which We Guarantee Will Not Interfere with their Use. All lenses neatly packed and marked for 

Diameter and Focal Length 


OUR POUCY 
on WAR SURPLUSES 


1 W« «r« cooperating to move aurplusM while the wer is on 

2 Our customers receive full benefits of all savings effected through our 
purchases of war supplies We do not hold merchandise for high present 
or future prices 

3 We are making a special effort to bring our items to the attenuon of all 
Schools, Colleges, Amateurs 



WAR SURPLUS ACHROMATIC LENSES 


Stock No 

Diameters 
in MMs 

Focil Len^lb 
in MMs 

( omments 

Price 

6016-S 

12 

80 

Uncemented 

30$ 

6017-$ 

12 

80 

Cemented 

50$ 

6018-S 

15 

41 

Uncementod 

40< 

6019-S 

15 

41 

Cemented 

60< 

6020-S 

18 

49 

Uncemented 

50< 

6021 -S 

18 

49 

Cemented 


6022-S 

25 

95 

Uncemented 

so$ 

6023-S 

25 

95 

Cemented 

15$ 

6033-S 

37 

51 

Uncemented 

10$ 

6074-S 

37 

130 

Uncemented 

10$ 


TANK PRISMS- 

In order that the tank driver shall not get shot in the face, two 
of these Silvered Prisms arc used to make a periscope (without 
magnification) We have secured a number of these that arc 
very slightly chipped, making possible their sale at a very low 
price They are 90-45-45 degree prisms of huge sire — 5^4'' 
long, 2V^" wide, finely ground and polished 

You can use these Prisms to make Periscopes to see over the 
heads of crowds, fish under water, high or low gauges, inspec 
lion of machinery without climbing, for cxaminaUon of hot 
metals without danger to eye or camera, etc Also excellent for 
expenments, class room demonstrations at high schools, col 
leges, camera clubs astronomy clubs Some of our ingenious 
cutoiners have used these Pnsms to make camert stereo 
att-ichment, photometer cube, range finder, etc 
Normally thase Prisms would retsil from about $24 to $i0 
each 

Stock #1004 S SILVERED TANK PRISM — Price $2 00 
each Postpaid Free Booklet on Prisma incl 
Stock #3005^ PLAIN TANK PRISM •— Price $2 00 each 
Postpaid Tilts one is excellent for projecting all the colors of 
the spectrum —— a beautiful sight Free Booklet on Prisms incl 
FOUR TANK PRISMS — Special $7 00 Postpaid This 
IS the most sensational bargain we have ever been able to offer 


WAR BARGAINS IN LENSES USED IN NAVY'S 
7 POWER BINOCULARS 


FREE Cement and Directions included with all uncehientcd Sets 
USES •— Use these lenses for making projecting lenses, low 
power microscope, objectives, corrected magnifiers substitute en 
larging lenses, eye piece lenses, macrophotography gadgets, optical 
instruments, etc , etc , etc 

RIFLESCOPE LENS SET #2000 S $1100 Postpoid 

3 achromats mitihed by manufacturer Cemented ready for con 
struction of fine 3 V 2 power ’scope which would retail up to ^50 00 
A rare opportunity! Full instructions included 

COMPLETE SET OF MOUNTED PERISCOPE COMPONENTS 
Consists of two fine Penscope mirrors mounted in metal end 
plastic for building a Periscope Used for top and bottom 
extremities Only plywood body frame is required to finish this 
exceptional unit First surface mirror is well protected by glass 
windows Set weighs 2% lbs Overall length of mount 6ys inches 
width 2 Vb inches 

Stock #700 S $3 00 Complete Set Postpaid 

GIANT SIZE ROOF (AMICI) PRISMS 
1 Yb inches wide, 2 Yn inches long Weight 3 V 2 ounces Very 
limited quanti^ 

Stock #3012-8 $7 ^0 each Postpiad 

LENS SET 120-S "The Experimenter's Dream" 60 lenses 
with 50-poge illustrated booklet "FUN WITH CHIPPED 
EDGE LENSES" — $10 00 Postpaid 

The variety of lenses in this set will enable you to conduct count 
less expenments and build many optical gadgets 

50-PAGE ILLUSTRATED IDEA BOOKLET $1 00 Postpaid 

Describes wide vanety of uses for our lensea and contains much 
information especially designad for baginners in optics 


KCLI NER EYE PIECE LENSES with F L of 27 9 mmt 
Comes uncemented with free cement and easy directions Edged 
Field Lens has diameter of 26 mms and edged Eye Achromat 
a diameter of 17 mms These are excellent for all sorts of 
telescopas 

Stock #6061 S — Uncemented but Edged — ^1 25 Postpaid 

ACHROMATIC OBJECTIVE LENSES with FI of 193 
mms Have wider diameter than thosa used in Army’s 7 power 
binocular Excellent for telescopes Diameter of edged lenses 
IS about 52 mms 

Stock #6064 8 — Edged and Uncemented — Prue $175 
COMPLETE SET OF LENSES AS ABOVE AND THE 
PRISMS TO MAKE A MONOCULAR (TELESCOPE) 
Stock #5100 S — S Monocular Set $5 00 Postpaid 

row POWER MICROSCOPE I ENS SET — (May also be 
used to make Telescope Bye Piece) Perfect Lenses, one with 
diameter of 9 mms , F L of 20 mms , and one with diameter 
of 14 mms and F L of 39 mms 

Stock #1003 S — Pnee 70^ — includes free copy of our 
Microscope Booklet 

PORRO ABBE PRISMS— Stock #3006-$ 25 $ each Postpoid 

Size 9 mm x 17 mm another war bargain Normal prices 

would be 20 to 40 times above quotation At this exceptionally 
low pnee, you should purchase a few of these, even though 
you have no immediate need for them Such a bargain will not 
be available long 




MINIMUM ORDER $1 00 • SATISFACTION GUARANTEED 


^-EDMUND SALVAGE COMPANY 


27 W. CLINTON AVENUE 


DEPT. 7, P. O. AUDUBON, NEW JERSEY 
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The roomy Interior arrangement! of 
the new three-decker commuter coach 


of a screen facing the back half of the 
car Chairs and divans arranged on each 
side of the car by day, swing on pivots 
into the aisle at night and face the 
screen, so that this section of the car 
becomes a small movie theater 
At the other end of the car, facing 
the bar, padded seats fold up against 
the wall at night, leaving space for a 
dance floor as large as that of an av- 
erage night club A phonograph record 
player in the movie projection room 
provides music 


These improvements probably will 
be the most effective sales argument 
the railroads will have in making their 
bid for future business, but new ‘‘hid- 
den’* mechamcal devices also will do 
much to add to ndmg comfort For 
example, one car manufacturer has de- 
veloped a new kind of truck to provide 
a cushioned ride and a new hot-box 
alarm to increase safety Other devel- 
opments include a new high speed, 
electrically activated brake and a new 
lock coupler, both of which will reduce 
jerking and jolting when a train starts 
When will these new devices be put 
in use’ Carbuilders today are con- 
cerned primarily with the job of pro- 
ducing their share of war materials and 
rail equipment essential to victory 
Many factors must be weighed in de- 
termining when they will get the green 
light for their new products 
The important point is, however, that 
when the time does arrive for railroads 
to begin replacing their worn-out 
equipment, manufacturers will be pre- 
pared to open the throttle and start 
production of cars with improvements 
which they know will give the rail- 
roads a fair start in the coming battle 
for transportation business And it all 
means that the public will get the best 
bargains it has ever had in travel com- 
fort 


^ # 


RADIOSONDE 

Advances Knowledge of 
The Upper Air 

T HE TECHNIQUE foi exploring the up- 
per atmosphere has been advanced 
greatly by the Chronometnc Radio- 
sonde Meteorograph of Simmonds 
Aerocessones The unit comprises a 
“shoebox” which goes up by balloon 
and descends by parachute for safety 
An altei native and perhaps more 
striking name for the new device is 
“The Weather Broadcaster” The aver- 
age limit of ascension is between 50,- 
000 and 60,000 feet, the range of flight 
may be many miles, and the length of 
flight from one to three houis When 
the balloon breaks, the flight instru- 
ment floats to earth suspended from 
its ’chute, and bears a note offering a 
nominal reward for its return The 
number of radiosondes returned de- 
pends upon the location of the flight 
and the ruggedness of the territory in 
which the landing is made 

’The Chionometric Radiosonde Me- 
teorograph contains three weather 
“feelers” sensitive to changes in tem- 
perature, humidity, and atmospheric 
pressure A simple alaim clock mecha- 
nism keeps a recording helix continu- 
ously revolving The radiosonde also 
carries a miniature high-frequency 
radio transmitting set consisting of a 
single tube and an ordinary meteoro- 
logical battery The whole is carried 
aloft by a five-foot latex balloon 

A bi-metallic thermometer is used 
to register temperature changes, 
changes m humidity are registered by 
the hygrometer which consists of a 


single human hair, a two-stack aneroid 
capsule registers changes in atmos- 
pheric pressure 

There are five styli three movable 
according to changes in temperature, 
humidity, and pressure The three 
weather styll move up and down the 
helix as they are moved by the hy- 
grometer, the thermometer, and the 
aneroid capsule Signals are made by 
electric contacts of the styh with a 
spiral wiie on the helix The timing of 
the signals from the three movable 
styll IS measured in reference to those 
from the two stationaiy styll, or so- 
called reference styli The mstiument 
is completed by the tiansmilter which 
sends signals to the recorder on the 
ground 

A recorded chart comes out of the 



Interior ol the new radloeonde* ahow 
ing the hygrometer unit at the top 


recording apparatus where it is spread 
over a drum, around which is wound a 
raised wire corresponding exactly 
with the helix in the meteorograph 
aloft The paper passes under a sheet 
of carbon paper and a steel bar This 
bar IS tnpped every time a signal is 
received Since the drum in the re- 
corder on the ground and the contact 
apparatus in the meteorograph in the 
air are both revolving at the same 
rate of four times a minute, and since 
their helixes correspond, the move- 
ments of the styli in the meteorograph 
are recorded on this paper These re- 
cordings contain complete records of 
temperature, humidity, and pressure 
changes The instrument is carefully 
checked before use, in a flight chamber 
simulating conditions of flight up to 
70,000 feet 

Hundreds of launchings like these 
can be made from strategic points 
throughout the country, and the as- 
sembling of records helps in giving 



Recording helix of the radiosonde is 
under the flat arm in center ol photo 


a highly accurate foiecast of weather 
conditions The radiosonde is undoubt- 
edly a far superior device for weather 
forecasting than kites, passenger bal- 
loons, or high-flying airplanes 

While the radiosonde is not new and 
the first expeiimental launchings were 
made at Harvard University as early 
as 1935, its latest form as illustrated 
IS vastly improved Its use for military 
purposes is obvious Its possibilities in 
civil aviation and in other types of 
weather forecasting are equally valu- 
able and all the advances made in 
weather forecasting in war-time will 
sooner or latei seive in peace-time 
A K 

DIE-LESS DUPLICATING 

Permits Economical Forming 

Of Small Metal Ports 

T HE PREPARATION of dies for foiiiiing 
small metal parts has always been an 
expensive and time-consuming task foi 
manufacturers This is all the more true 
when dies are used for short produc - 
tion runs or for making parts for ex- 
perimental purposes The war, with 
Its acute shortages of skilled workers, 
especially die makers, and intensely 
accelerated production schedules, has 
made more acute than ever before this 
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problem of dies used for duplicating 
small parts 

A solution to this problem has been 
found by many manufacturers whose 
products require small metal parts 
They dispense with the need for dies 
by usmg a number of hand-operated 
duplicatmg tools which are capable of 
quickly and accurately forming metal 
into mtricate shapes and outlines 

This system of die-less duplicatmg, 
named Di-Acro, employs shears, brakes, 
and benders as its basic umts Women 
or ordinary unskilled male labor can 
easily be trained to operate them with 
a high degree of proficiency These 
tools are adaptable to production-lme 
work wheie they can be used to obtain 
a continuous daily output m large vol- 
ume They are also extremely useful 
in test rooms and engineering depart- 
ments for building experimental models 
and testing materials for stress and 
fracture 

The Di-Acro shear is a precision tool 
for a wide range of work too light for 
the floor type foot-operated instrument 
and too heavy for the hand-operated 
scissor type shear 

The bender is a precision bending 
umt In addition to forming a wide 
variety of metal pieces, eliminating the 
need for special blanking or forming 
dies, it can be used to create shapes 
and outlines impossible to obtain on 
regular production dies 

These tools, used in conjunction with 
the brake in a continuous integrated 
production process, permit the speedier 
and more economical production of 
small metal parts Now used widely 
m war production, it is expected that 
they will find a growing place in the 
manufacture of civilian goods when the 
nation returns to a peace-time economy 

ROCKET FLIGHTS 

Seen by Expert on 

The Post-War Horizon 

UT 

I RANSATLANTic rockcts are unlikely 
in this war, but rocket planes making 
flights from London to Pans will ma- 
teiialize in the not too distant future,” 
according to Allied Afiicano, former 
Picsidcnt of the American Rocket So- 
ciety, and now engaged in confidential 
war reseaich as Assistant to the Diiec- 
tor of Research, Allegany Ballistics 
Laboratory, in an address delivered be- 
fore a meeting of the Metropolitan 
Section of The American Society of 
Mechanical Engineers Explanmg why 
transatlantic rockets were unlikely now, 
Mr Africano said the speed required 
to propel them would necessitate the 
use of 26 pounds of fuel for every 
pound of final weight in the rocket, 
“obviously impractical to build ” 

“To get the 3000 mile effective range,” 
he said, “and assuming the 4000 mile 
vacuum range, the required velocity 
IS shown to be almost five miles per 
second, or the speed that a body needs 
to keep flying in a circular path around 
the earth as a satellite at the 500-mile 
level ” 

As for the three-step rocket in which 
fuel tanks are thrown off as fuel sup- 
ply is exhausted, proposed in 1911 by 
Dr Andre Bing of Belgium, this also 



New Electrooire Power Unit Converts 
Standard Drill Press to Automatic 

Thi* exact control over feed and retraction speeds 
permits ready conversion of a standard drill press 
with tapping head into an automatic tapping ma 
chine, capable of producing Class III threads, even 
with comparatively unskilled operators By adjust* 
mg speed to conform to the leatf pitch of the threads 
being tapped, the tap will cut without forcing threads, 
and on the reverse the tap will actually **float“ out of 
the part with no strain against the thread angle 

Air-pewared jigs and fixtures can he opened, closed, 
and indexed by the Electroaire Potv er Feed The unit 
can be set for a pre-deterrained number of cycles so 
that multiple holes can be drilled in the same piece 
without election, bv means of an indexing fixture 
controllea and syochroni/td by the Electroaire Unit 
One operator can run as many as two or three drill 
presses, turning out top quality work with few rejects 
and with a minimum of tool breakage, thus cfFeaing 
a great savings in time 

Present stockpiles of finest uuality materials used 
in the manufacture of Wrigley's Spearmint chewing 
gum are now exhausted— necessitating discontinu 
ance of production When a supply of proven mate- 
rials — known to be up to the finest standards of 
quality — IS again available, Wngk) s veill resume 
production — And Wrigley’s Spearmint will be back 
to again help you on your job In the meantime they 
are manufacturing a war brand Wholesome but 
not excellent enough for the Wrigley brand nanu 

Yo» can get compute mfot niattun from Llectrolm Mt rinjat- 
taring Company 79 '^^ f j(f 9 / / Stmt ( livilatuJ 3 , Oh/o 



Set up to punch 3 holes simultaneously 



IS impiactical, Mr Alrieano believes 
The weight ratio increases as a power 
of the number of steps,” he said, “so 
that the three-to-one ratio would re- 
quire about 2500 tons initial weight to 
send just one ton over the Atlantic 
Even a war could not justify a 5,000,- 
000-pound projectile at a cost of any- 
where from ten to a hundred million 
dollars just to deliver one ton of TNT 
in a enemy country It is also imprac- 
tical, because even if the energy re- 
quirement can be met, the imtial dam- 
age to the surrounding countryside at 
the launching stage from the burning 
of 100,000 pounds of fuel a second for 
only a five times gravity acceleration 
might be a hi!mdred times greater than 
that inflicted by the one ton of explo- 
sive delivered in the enemy country” 
In discussing the rocket plane, Mr 
Africano said *The maximum range 


equation I have derived for the locket 
plane shows the range to be propor- 
tional to the square of the jet gas veloc- 
ity, as expected, as this is a measure 
of the available horsepower of the jet 
The range is also linearly proportional 
with the velocity ratio Thus, for cur- 
rent practical value of the constants, 
the range might be only 157 miles at a 
low speed such as 670 miles an hour, 
314 miles at double that speed, and so 
on, up to a maximum of 1400 miles 
when the rocket plane speed equals the 
jet gas speed of 5400 miles per hour 
The crusing level for this high speed 
would be at 30 miles altitude ” 
Summmg up the practical possibili- 
ties of the rocket plane, Mr Africano 
concluded “While military applications 
of jet propulsion engines are now pos- 
sible, as everyone knows, the subject 
is still in its infancy as far as commer- 
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cial and peace-time applications are 
concerned With adequate support of 
research and development after the 
war It IS my sincere conviction that 
the rocket flights to London and Pans 
we have so long just talked about will 
finally materialize, and not in the too 
distant future” 

MICROWAVES 

Useful for Television 

And Other Applications 

Nation-wide television hook-ups 
through microwave radio stations 20 
to 100 miles apart all over the country 
were predicted as an immediate pos- 
sibility as soon as the war is over by 
Dr G^rge B Hoadley, in charge of 
the instructional microwave laboratory 
at the Polytechmc Institute of Brook- 
lyn, at a recent meeting of the New 
York Electrical Society 
While the principles on which na- 
tional television networks could be 
achieved have long been recognized 
by scientists, Dr Hoadley explained, 
it took the war to bring about the de- 
velopments which will hold down the 
microwaves to the defined and limited 
beam necessary to operate station 
links These links will be placed across 
the country at 20- to 100-mile intervals 
and in parallel bands 150 to 200 miles 
apart, much as the several transcon- 
tinental railroads now span the coun- 
try, making it possible for any event 
of national interest to be televised into 
homes throughout the country 
The advantage of microwave links is 
the fact that communication can be 
achieved with relatively less trans- 
mitter power than would be required 
for broadcast service, however, micro- 
wave boosters still are necessary to 
Imk television stations because the 
range of the short waves they utilize 
is bounded by the optical horizon 
Release by the military of informa- 
tion and the imagination of American 


mdustrial designers will be the two 
determining factors m the uses to 
which microwaves will be put in the 
post-war era. Dr Hoadley poin»ted out 
Possible applications, he said, may 
be to mcrease the availability of radio- 
telephone commumcation, now threat- 
ened by mterference between exist- 
ing stations It will be necessary to 
go to higher and higher frequencies 
and to evolve new schemes to gel 
around this interference Another use 
will be for spanning water gaps by 
telephone compames to eliminate cost- 
ly and delicate sunken cables In fact. 
Dr Hoadley added, a microwave relay 
station can be set up at any point where 
It will eliminate costly construction 
and mamtenance m carrying through 
telephone poles and wires 

FOOT-REST SEAT 

Foreshadows Greater Comfort 

In Railroad Coaches 

S OME of the passengei s on one of the 
Seaboard Airlme Railroad trains these 
days* are experiencing a new comfort 
in coach seating accommodations Four 
experimental seats with foot and leg 
rests have been installed for tests and 
travelers’ reactions 

The new seat, designed by the Ed- 
ward G. Budd Manufacturing Com- 
pany, is patterned along the lines of 
the steamer chair, but is actually even 
more utilitarian The central arm rest 
has been doubled in width as con- 
trasted to the standaid dividing arm 
rest, which is usually half the width 
of the outside arm despite the fact that 
two passengers have to use it 

The foot rest, In one position, is simi- 
lai to a hassock When swung on its 
pivot against the seat occupied by tlie 
passenger, it supports the feet and legs 
and enables the traveler to enjoy com- 
plete relaxation The seat and foot rest 
occupy 52 inches of space They also 
enable a traveler to sleep on his side 



Mote eomloft la the rolhraf eoadi 


or to curl up m the seat and still have 
support for the knees and legs 
Each leg rest contains a pocket into 
which can be placed for safety and con- 
venience a woman’s large pocketbook, 
shoes, or small packages 


PREFORMED PLASTICS 

Has Tensile Strength 
Equal to Steel's 

Successful development of a “missing 
link” m the family of plastics — a tough 
high-strength material easily formed 
into complex shapes — has been accom- 



plished by Westmghouse, according to 
Dr A Allan Bates, manager of the 
Chemical and Metallurgical Depart- 
ment 

“Heretofore, plastics have been 
roughly divided mto two classes,” Dr 
Bates says “those that could be molded 
into shapes easily, but had little 
strength, and those with great strength 
but little moldability This new plastics 
has both strength and formability to a 
degree never before achieved m a single 
plastics material ” 

Called “preformed plastics” because 
It IS shaped roughly to finished form 
before it is finally molded by heat and 
pressure, the new material weighs onl\ 
half as much as the aluminum alloys 
used in airplane construction. Dr Bates 
states It is so strong that a one-inch- 
square bar can stand a pull of 16,000 
pounds, equivalent to the tensile 
strength of structural steel 

“After the war,” the Westinghouse 
scientist says, “this plastics will be 
available for use in hundreds of new 
products now made of wood or metal — 
radio and refrigerator cabinets, automo- 
bile doors, dashboards and other body 
parts, luggage, cameras, furniture, type- 
writer frames, filing cabinets, and many 
other articles” 

Millions of tiny wood fibers, the 
same kmd of cellulose fibers as in 
ordinary wrapping paper, give the new 
material its strength, he explains Under 
heat and pressure these fibers are tight- 
ly locked together with a vamish-like 
resm to give the finished material its 
steel -like strength 

Dr Bates is shown in the accom- 
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panying photograph with one ol the 
first experimental pieces made by the 

preformed proc e ss a gracefully-curved 

airplane tail fillet which resembles a 
giant man’s spat He says that bullet- 
shaped covers for airplane propeller 
hubs have also been made experi- 
mentally 

BOX CAR 

Has Complete 

Aluminum Exterior 

T HE FIRST American railway experi- 
mental box-car having a complete alu- 
minum exterior has been designed by 
Great Northern Railway and Aluminum 
Company of America engineers It is 
equipped so that it can be used for 
high-speed express service on passenger 
trains 

Another **first” for the new car is use 
of a reflective material for monograms 
and lettering on the alummum exterior 
By using this, words, numbers, and 
monograms on the sides appear as 
though internally illummated and are 
readable when lights shine on them at 
mght 

The reflective material is “Scotchlite,” 
made by the Minnesota Mimng and 
Manufactuiing Company It consists 
of millions of small glass spheres coated 
in a synthetic resin for protection 
against weather and water The ma- 
terial, in sheet form, is applied to the side 
of the car by means of a water-proof 
synthetic resin adhesive The tiny glass 
spheres return tlie light toward the 
source of the beams shimng on them 

Parts of the new car which use high- 
strength aluminum alloy are outside 
sheathing, roof, corrugated ends, doors, 
floor protective doorway plates, “W” 
comer posts, running boards, brake 
step, and other parts Roof, ends, side 
sheets, and doors are assembled with 
aluminum alloy rivets 

The car weighs 43,500 pounds Sav- 
ing in weight due to use of the alumi- 
num is 4057 pounds Aluminum in the 
car weighs 3722 pounds 

TWISTED DRILLS 

Are Demonstrating Many Advan- 
tages Over Conventional Types 

Many tons of critical, high-speed steel 
have been saved durmg the war emer- 
gency by the widespread use of twisted 
drills in thousands of American fac- 
tories and machine shops 

A workable method for making 
twisted drills was developed at the 
Rouge plant of the Ford Motor Com- 
pany after salvage experts took steps 
to reduce the 50 percent waste of ex- 
pensive, high-speed steel bar stock 
that accompanies the manufacture of 
conventional drills 

The first twisted drills were made at 
the Rouge plant some years ago* Ad- 
vantages of the shankless twist^ drills 
are many, with ease of manufacture and 
low cost among the most important 
Conventional drills are machined from 
solid bar stock, an operation that con- 
sumes time bMides producing waste, 
while twisted drills are made from roll- 
forged stock of predetermined dimen- 


sions and then hot-twisted to the de- 
sired spiral The spiral is produced by 
roll-forging and twistmg, instead of 
cutting on a milling machine as m the 
regular drill. 

In addition, twisted drills are stronger 
than the conventional type There are 
three reasons for this the web, or 
center section of the driU, is of uniform 
thickness; the twisted drill has better 
physical properties, since the grain lines 
in the metal are not cut at spaced m- 
tervals, but curve with the spirals like 
the twisted fibers in a rope, the neck 
of the shankless drill is touid^ened by 
heat-treatment so that it ^1 “give” 
slightly, thereby cushioning the shock 
of sudden torsional strains 

On numerous jobs the twisted drill 
can produce more holes because of its 


superior strength, m addition, it is less 
easily broken and has a higher scrap 
recovery value More important, when 
a twisted drill wears to its ^ortest 
usable length, it can be butt welded to 
another short drill and, after the weld is 
ground and polished, restored to use 
Salvage experts frequently weld three 
or more short drills into a single drill 
This salvaging operation is peculiar to 
these drills Conventional drills with 
milled flutes cannot be butt welded 
properly due to their tapered web 
Twisted drill manufacturing tech- 
mque is relatively simple The stock 
used IS purchased in the form of round 
lods These are heated to a high tem- 
perature, then placed in a form rolling 
machine This produces a straight sec- 
tion, resemblmg the shape of a finished 
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DOES THIS JOB 
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THE TIME 



To make a die from 
thick metal on the 
Shaper calls for large starting 
holes. Then, cuttmg tool moves 
up and down, removing one chip 
on each downward stroke. 

It takes the DoALL only 1/12 
as long to make the same die, 
and the center is removed in one 
usable piece. 

DoALL Contour Sawmg Ma- 
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drill without a spiral, sufficiently over- 
size to permit fimshing to size later on 

The drill, still red-hot, then goes to 
the twisting machine Here the proper 
spiral or “lead” is produced Next the 
long, twisted shaft goes to the cut-off 
machine foi cutting into whatever 
lengths are desired The drill is then 
lough-pointed, heat-treated, tempered, 
and straightened It is sandblasted, to 
lemove any remaimng scale or rough- 
ness, the flutes hand-polished, and it is 
then placed on a centerless giindei 
for finishing to a specifled diameter 

To complete the operation, the drill 
then goes to a finish point grinder 
wheie a cutting edge is giound and the 
point shaped, following which it is in- 
spected for flaws and woikmanship 
and the size etched on the driven end 

COPPER MAN 

Replaces Humans m 

Cold-Room Tests 

A LIFE-SIZE “coppei man” which re- 
produces the temperature response of 
the human circulatory system has been 



Parts of the 'copper man/' which re 
produces humon body temperotures 
lor laboratory research on clothing 


developed as a test machine for electri- 
cally warmed flying suits and other 
similar equipment at the Bridgeport, 
Connecticut, plant of the General 
Electric Company There he will spend 
a lot of time in the cold room in sub- 
zero temperatures In time he will also 
contribute to the development of the 


new automatic blanket which Gieneral 
Electric has scheduled for manufacture 
after the war 

Only by “cut and try” methods find 
by testing which involved people sit- 
ting for long hours in a cold room at 
as low as — 60 degrees, Fahrenheit, 
weie the garments developed that have 
made high-altitude bombing possible 
In this work with electrically warmed 
clothing and blankets foi fliers and 
their implements, cold chamber test- 
ing IS so vital that it was deemed 
highly desirable to develop a mechani- 
cal device that would simulate the 
1 eactions of the human body Hence 
the full-size copper man which dupli- 
cates almost exactly the human tem- 
peiature system and provides the per- 
fect scientific answer to the problem 
of testing electrically warmed flying 
suits, gloves, shoes, and blankets at low 
temperatures without inflicting suf- 
fering and danger on human beings 

General Electric’s copper man is 
5 feet 10 1/2 inches tall and has a coppei 
“skin” 1/16 inch thick A complicated 
system of electric wires is connected 
with separate areas of the copper head 
torso, hands, and feet 

It IS necessary for the human body 
to generate sufficient heat with which 
to keep warm The temperature of the 
different parts vanes considerably Foi 
example, the face and hands, which are 
normally more exposed, may vary over 
a wide range of temperature without 
harm or discomfort, whereas the torso 
must be kept at a relatively uniform 
temperature* 

The value of the copper man is that 
he has been so wired and circuited 
that he practically reproduces the 
varied heat of different parts and mem- 
bers of the body His body has been 
divided into 15 aieas, the amount of 
energy to each area being subject to 
individual control His temperature 
can be made to vary from sub-normal 
to above normal 

The topper man represents many 


refinements over similar devices previ- 
ously used for low-pressure, high-al- 
titude testing He has two main tricks 
First, by mamtaimng a desired tem- 
perature equivalent to the human 
body, the results can be determmed 
for any kmd of garments worn by 
him under any atmospheric conditions 
by measuring the energy input to- 
gether with the surrounding tempera- 
ture Thus it is possible to tell what 
clothing is adequate under given at- 
mospheric conditions Second, the con- 
trols can be set so that the energy is 
equivalent to that of normal metab- 
olism less exhaled heat In this case, 
the copper man represents man at 
lest and it can be determined how 
much clothing to put on to keep him 
warm 

Recognizing the importance of de- 
veloping better hand and foot protec- 
tion, the Aero-Medical Laboratory at 
Wright Field had General Electric 
make four separate hands and four 
separate feet and remote control 
equipment for them With these it 
should be possible to determine pre- 
cisely the propel distribution of heat 
applied to various parts of the body 
and the amount of heat necessary with 
various outer clothing and surrounding 
temperatures 

NYLON INSULATION 

Applied to Wire 

At High Speed 

A Niw nylon compound offers a toagh 
abiasion-resistant substance for sheath- 
ing tables or for the manufacture 
of tubing Among its advantages as a 
coating for wire aie heat-iesistance and 
its imperviousness to attack by practi- 
cally all solvents Ignited by a free 
flame, the nylon ceases to burn when 
the flame is removed and is therefore 
self-extinguishing 

Du Pont laboratories have extruded 
nylon jackets seven mils in thickness 



AdhisUng one of the controls on the ''copper man" 
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SeaMhing lor Hidden 
Ounces in the Food 
Packing Industry . 



An efficient low eoet 
canning operation Armour's 
famous TRKET on EXACT 
WEIQHT Scales— Armour it 
Co Chicago til 


THE 


Net Weight — 12 ounces. You have seen It many timaa. 
Putting food in cam or packages in accurate weights requires 
skillful plant management, the right ^uipment, and watchful 
Operators. A quarter ounce overweight in one can is un> 
important but a hundred thousand ^ quarter ounces over* 
weight is ruinous. In volume production you package your 
profits with the goods. EXACT WEIGHT Scales catch these 
overweights containers . . . ferret out those ounces one by 
one. Not only are profits protected but packaging is eas^ 
and faster. Engineers with such problems are invited to write 
us for details for solving these problems. 

EXACT WEIGHT SCALE COMPANY 
«5 West Fifth Avt^ Colanbis 8, Obit 

Dtpu Ad; 1104 Bay St., Toronto, Canada 


UaU Meitjlvt Sca&s 


kt ratei hi over 1000 feet per mlhute, 
to Dr. J. W. Shaekleton of 
the company’s plastics department 
tube of nylon is extruded and laid 
snugly over the wire, die wall thick- 
ness being controlled prunarily by the 
wire speed. Nylon has been proposed 
as a sealing compoimd to fill the inter- 
stices between individual wires m a 
multi-strand cable and for use as a 
barrier layer between materials in the 
cable which might contaminate each 
other.” 

MAGNESIUM WINGS 

Point Way Toward Post- 

War Flight Economies 

Aikplanx wings fabricated entirely of 
magnesium have been in flight for more 
than a year on navy training planes, 
it was revealed recently by J C 
Mathes, of The Dow Chemical Company, 
speaking before a meeting of the 
American Society of Mechanical Engi- 
neers. 

”While the use of magnesium alloys 
in aircraft has increased during the 
war to the extent that the average fight- 
ing i^ane now utilizes approximately 
half a ton of this light metal, the use 
of all-magnesium structures represents 
a new departure in aircraft design,” 
Mr Mathes said *T am convinced that 
our success with these wings fore- 
shadows all-magnesium airplanes in the 
very near future” Since magnesium is 
one third lighter than aluminum, such 
planes would be notably lighter than 
present types, a factor which would do 
much in making aip transportation more 
economical. ”If we can save a few hun- 
dred pounds in plane weight we can carry 
that many more pounds of pay load 
with no increase m operating costs,” Mr 
Mathes said. *T!he saving of a single 
pound has been estimated as worth $100 
a year on a commercial plane ” 

MATERIALS TESTING 

Must Take Into Account 

All Stresses to be Met 

Mctals and materials get tired just 
like human beings They wear out in 
much the same way In a way, they 
”get diseases,” although not as humans 
do For some years industry has been 
trying to find out how much certam 
materials can stand by using compli- 
cated testing machines. 

Up to the present most materials 
testing has been static testing — ^that is, 
a bar of steel would be tested as it 
was, regardless of what modifications 
might later be made in its shape or 
size. Industry has found these tests 
useful, but not good enough There- 
fore, dynamic testing came into wide 
use 

Dynamic testing is simply testing 
metals or other materials in actual 
use For instance, to test bridge strains, 
models can be made which can be 
subjected to vibration up to die point 
of actual collapse. This work wiU show 
what happens under actual stress. Or 
—and fids is something automobile 
manufacturers constantly aedc— vibra- 


tory tests can be made on an actual 
automobile to test parts imtil they fail, 
to show whether certam parts wiU give 
satisfactory life expectancy 
In an automobile, as scientists point 
out, it is not necessary that a rod or a 
gear last forever. The car itself will 
not But it is important to be sure that 
any given part will last as long as the 
car Itself— or close to it— allowing for 
normal wear and tear and sometimes 
excessive stresses or impacts 
While static tests can test materials 
separately, the real conclusions can be 
found only by dynamic testing These 
apply not albpe to cars and bridges, but 
to railroads, locomotives, busses, and 
almost anything used in commerce or in 
the home — even to sweepers, electric 
irons, gas stoves, or toasters. 


Higher speeds m present-day ma- 
chmery and transportation have am- 
plified the importance of dynamic forces 
as a factor in design. Studies made in 
England by Aitchison showed that 95 
percent of the failures in automobile 
parts were caused by dynamic forces. 
Hardly any machine part failures inves- 
tigated by Ross of Sweden could be at- 
tributed to static forces alone* 80 per- 
cent were caused by repeated stress, 
and the remaining 20 percent involved 
impact. A complete knowledge of the 
b^vior of materials as well as struc- 
tural shapes and assemblies' under 
dynamic forces is thus an acknowledged 
necessity in modem engineering. 

Mach^ery for making such tests of 
materials ranges from strain gages, no 
larger than a postage stamp, to four 
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million pound monsters Intimately con- 
nected with the design and construc- 
tion of such a wide variety of equip- 
ment is the Baldwin Locomotive Works, 
reported to be the manufacture! s of 
more testing machinery than any other 
company in the United Stales 

STAINLESS STEEL SHOT 

Used fo Clean Castings 
of Similar Metal 

Where cleaning and finishing of fei- 
rous metal castings is performed by 
means of blasting with steel balls oi 
shot, the repeated impacts of the steel 
pellets against the castings result m a 
fine deposit of steel dust being worn 
away from the pellets and deposited on 
the casting surface 
This, of course, makes no diflerenct 
in carbon or low alloy steel and ir6n 
castings, but obviously when a surface 
layer of ordinary steel is deposited on 
stainless steel, it renders the surface 
subject to corrosive attack, thus de- 
stroying the pnmary property of the 
stainless alloy — its corrosion lesistance 
The Cooper Alloy Foundiy Company 
producers of corrosion- and heat-re- 
sistant alloy castings, when confronted 
with this trouble, promptly developed a 
i-emedy by using shot, punchings, or 
filings of stainless chromium -nickel 
steel for blasting and tumbling castings 
of similar compositions 
These stainless pellets perfoim then 
pnmary duty as efficiently as ordinary 
steel, vet the deposit which weais off 
and deposits on the casting is homogen- 
eous with the casting material itself 
and hence equally resistant to coiiosion 
Nwhel Steel Topics 

MULTIPLE FLAME-CUTTING 

Takes on New Job 
in Steel Plant 

That multiple flame-cutting is mak- 
ing notable strides into new fields is 
evidenced by the simultaneous produc- 
tion of three heavy frames of intricate 
design from a single 40-foot hot i oiled 
Lukens steel plate The key to the suc- 
cess of the job is in the awareness and 


intelligent appraisal of factois which 
affect adversely the accuracy of such 
flame-cutting and in the application of 
counter-measures to eliminate such fac- 
tois 

The feat is being pei formed daily at 
By-Products Steel Coipoiation’s plant, 
where three sizes of these frames are 
cut fiom five-mch thick carbon steel 
plate which has a tensile strength of 
7'),000 pounds per square inch Hun- 
dieds of such frames are being pro- 
duced for railway locomotives, most 
of which will be used as lands are freed 
in Euiope, to restore transportation 
facilities destroyed by the Nazis or in 
bombing raids 

CUT-OUTS 

Are Readily Applied to 

Any Surface in the Home 

Ready-pasted cut-outs, a new and 
colorful type of decoi ation for plain 
and painted surfaces, ate the latest in- 
dustrial offerings to amateui home dec- 
orators These cut-outs are velvety-soft 
and blend iichly against the surfaces 
on which they are used giving n hand- 
colored, craftsmanlike effect, i ather 
than the haid, enameled look which 
some other types of decorations give 
The blended colois used are harmoni- 
ous, yet sharp and brilliant This coloi 
harmony is the product of skilful de- 
signing and painstaking punting, and 
result in colois that will blend with al- 
most an> Intel loi coloi scheme 

Fadopioof and washable these cut- 
outs need only be dipped in water and 
then applied to the sui face to be dec o- 
rated Each one comes on a sheet scored 
all around, ready to be “popped out 
of the background The pieces are small 
and easy to handle and no special 
(equipment is needed — just a basin of 
watei and a soft, clean cloth You first 
pi ess the design out of its peiforated 
paper background, then pin it in place 
in oidei to judge the effect Remove 
the pins and dip the piece in water to 
moisten the adhesive on the back, and 
pi ess it against the suiface you are 
decorating, patting it with a cloth It 
will not diy for a few minutes, and you 
can adiust it while it is still wet by 



Tiame cruH«rt ia octlon* with templote ot the right 



sliding it to adjust the position Youi 
own imagination can be your guide as 
to placement, although suggested uses 
as well as detailed instructions are in- 
cluded with each cut-out 
If you should want to lemove c>ne 
of the cut-outs and change the pattern 
in accordance with a change in your 
decorating scheme, the cut-out can be 
lemoved by soaking thoroughly and 
peeling it off Or if you are using a 
cut-out on a suiface which will receive 
much weal, a quick coating with shel- 
lac or deal lacquei will assure special 
durability and washability 


ARTIFICIAL EYES 

Have Improved Qualities 
When Mode of Plastics 

A Niw all-plastiLs aitificial eye which 
rivals a human eye in color and ap- 
peal ance, can be dropped without 
breaking, won’t corrode like glass, and 
can be re-shaped, if necessary, to pro- 
vide an exact fit, has been announced 
by the American Optical Company 
First of its kind to be made com- 
mercially, the new synthetic eye is 
molded fiom aciylic resm, one of the 
newer plastics, and production has al- 
ready been inaugurated “Prior to the 
war,” the company says, “millions of 
glass eyes had to be imported from 
Germany to fill American needs How- 
ever, development of the new plastics 
eye ends the reliance of the Umted 
States on foreign sources for artificial 
eyes ” 

The new plastics eye, it is claimed, 
IS unique for two reasons First, it is 
made entirely of non-irritatmg plastu 
materials and, second, its iris is re- 
produced by a photographic print Both 
of these improvements are new in 
lespect to commercially-made eyes and 
give the eye its radically new prop- 
el ties 

The new plastics eye is said to be 
more lifelike than a glass eye For 
example, the photographic reproduction 
of the iris is realistic, the black dot of 
the pupil being located natuially, deep 
in ^e eye, instead of close to the 
surface as in glass eyes 
If dropped, fragile glass eyes may 
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shatter or chip, and if subjected to 
sudden temperature changes they may 
explode in eye sockets Their average 
life IS from six months to two years 
while the new eye, because of its 
plastics composition, is practically un- 
breakable and will last many years 
Once a glass eye has been made, it 
cannot be altered The new plastics 
eye, however, can be re-shaped by 
grinding to fit the eye socket comfort- 
ably, and it does not have to be re- 
moved at night, thus helping to main- 
tain the shape of the eye socket 
Non-imtating to the socket’s tissues, 
the plastics material of the eye resists 
color fading, corrosive action of eye 
socket secretions, and changes in tem- 



Gloss eyes comnot be altered aiter 
they are made; new plastic eyes 
can be ground to fit if necessary 


perature It also reflects less light than 
a glass eye, and is therefore less glassy 
in appearance 

The plastics eye is made in three 
parts First, the sclera, or white por- 
tion of the eye, is molded from a 
translucent plastics Then a round 
recess is cut mto it for the ins Next, 
the iris button, which contains a photo- 
graphic reproduction of a real ins, 
properly coloied, is made and inserted 
mto the scleral recess 
In the final operation the sclera and 
ins button are put into a mold and an 
overlay of transparent plastics is added 
Under the process the three pieces fuse 
and the finished product is a one-piece 
all-plastics eye 

WATER-PROOF MAP PAPER 

Retains Writing Qualities 
After Soaking and Washing 

P 

W APER that does not disintegrate when 
wet is one of the products developed 
under the stimulus of war needs that 
will become an accepted convemence 
of everyday life in the future At pres- 
ent it has many military uses, one of 
the latest being for maps 
Developed by the Army Map Service, 
co-operating with paper manufacturers 
and the National Bureau of Standards, 
for use under rigorous combat condi- 
tions, the new map paper has greater 
strength than paper used formerly for 
this purpose It retains its durability 
after being soaked with water and oil 
and after being trampled in the mud, 
and later washed with soap and water 
Even when soakmg wet, the paper has 


satisfactory writing and erasing quali- 
ties In addition, it has excellent print- 
ing qualities and meets all the require- 
ments of map paper 

The current requirement of more 
than 10,000,000 pounds a month is being 
turned out by mills all over the coun- 
try Pulps from eastern spruce, south- 
ern pine, western hemlock, and the 
jack pine of the Great Lakes are being 
used with equal success 

FLOATING REFRIGERATOR 

Can Supply 53 Tons 

Of Refrigeration Daily 

T HE first dll-tonciete refrigerated cargo 
carrier, a floating ice-box which is 
supplying United States troops with 
fresh food, is now in action somewhere 
in the South Pacific 

Engineered and equipped by the 
York Corporation with a unique cold- 
storage system for fresh meat and 
produce, the new refrigerated barge is 
one of three such vessels to be built 
for the United Stales Army in the 


yards of the Concrete Ship Construc- 
tors More than 1000 tons of fresh 
meat, fruits, ice, and ice cream were 
carried on her maiden voyage 
At sea, the floating refrigerators will 
perform the same job for the Army 
as mobile land commissaries, supply- 
ing food for fighting men and ice for 
emergency treatment of wounded The 
ships will be camouflaged and moved 
into position during attack on main 
islands Until the island is secure and 
permanent refrigeration installed, they 
will maintain a supply line of provisions 
between sea and shore Aiter imtial 
operations are completed, they will be 
towed to the next scene of attack 
First barge of its type ever built, the 
new vessel is 265 feet long with a 48- 
foot beam The concrete walls of the 
hull are five inches thick Reported 
refrigerated storage capacity amounts 
to 122,000 feet and includes a plant 
capable of turnmg out 500 gallons of 
ice cream a day Another plant pro- 
duces 5 tons of ice daily All together 
the ship produces 53 tons of refrigera- 
tion every 24 hours 


PRECISION 

— AS VITAL IN WAR AS IN PEACE 



In every theater of war South 
Bond are holding to their 

]>re war traditions for dependabh 
prtcision In the mobile machine 
shops of our mechani/ed forces 
they duplicate factory tolerances on 
intricate parts needed for eratr 
gency repairs on essential equip 
nient On hoard many of the Navy s 
fighting shins, where high pret ision 
IS an ab’soluto requirement, iho 
are also depended upon for the 
repair of mechanical equipment In 
the repair bases of the Air Forces, 
they play an equally important part 
m keeping planes in service 

In all dasses of war service 
these lathes are doing fine preei 
bion work— not only with tjie armed 
forces but also in industry where 
dependable accuracy is as vital a«> 
speed and versatility in meeting 
war’s ever expanding production 
schedules 

When civilian production is re> 
‘slimed. South Bend precision will 
again prove os indispensable to 
peaec-tuiic industry as it is now for 
exacting war work. 

NEW CATALOG 

Now Root//— Write For It I 

Uluatratitd In full color — Bhowinsr all tspes 
line! KI 70 H of South 
Bond Lathea Fn 
irine T^thea lool- 
room Ltuthvs with 

10* \r 

and lb" avi inu Pr«- 
clainn rurretLathea 
with J^^andl"coJ- 
Itt capacity Aak 
for Catalog 100 D 




Lathe Builders For 38 Years 


SOUTH BEND LATHE WORKS 

4S( east MADISON STREET • SOUTH BEND 22, INDIANA 
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HAIR 

CAN NOW BE SAVED 


VOUR HAIR A CNARCr* to tb# aiMUdiis 
h—khfM.W KINQ^Sa B. ••• daMniff , 
tkianlaB and arayinc hair. Much u»ahlc informa- 
tion — Ohio Staw Medical Journal Best invest- 
ment — Science Education Debunks hair fads — 
Scientific Imerican Scientific fact — Sunset 
Afagazine Without commercial bias — Teaching 
Hiologist Book of a scientist — Home Jeres Enor- 
mous assistance Practical — ici- 


ence Neivs Letter 


Saves your hair. 


tiroa, monay Nothing more to buy 
Sand only Sa OO today tor postaaid 
copy of tnU now authentic Instrue 
tion on how to save your hair Sth 
printing hromptrefundifnothelped 



I fto Isas A i!s| 
AOam 

JOHN W KIWO Br S I 


IIAORaPIIUSItMCe (EH isai) Dipt HCliRrMfi42.llMl 


A 

titctric Heating Appliance Elimtntk 
Repaired Nichrocite Paite ii Used 

To gat At otlienrlae laaoeoMlble 

1 1 placet In tooatera, Irona over- 

1 head elementa In ovena furnaoee 

etc Slmplj overlap enda applj 
Nlehroelte Paata and turn on cur- 
rant Uaad by large utility com 
ponya Oaneroua trial order 81 00 
OM.. is 80, 1 pound 88 00 

AOVANCS MFO A OUT CO 

Dept SA^on BOI Mlnnaopclia, Minn 



ExperineRtal and Model Work 

FIb# tnatrumanu and Pine Machinery 
Inventlona Developed 
Special Toole Diet, Gear Cutting Btc 
HENRY ZUHR Inc . 187 LofoyeHe $t . N Y IS, N Y 


Army Auction Bargains 

Musket screwdrivers 3 for I 30 

Flints ossorete, 10 for 1 00 

Krag rear sight, Model 92 1 00 

Cadet cart Box black 30 

State buttons S different fur 75 

Carbine boot 13 Inch black 40 

Web cart belt cal 50 bar buckle 40 

Prices do NOT include postage 1946 circular 
showing these and many other articles mailed 
for 3^ stamp 

FRANCIS BANNERMAN SONS 
SOI Broodwoy New York 12, N Y 


ACHROMATIC OBJECTIVES 

JCmin Diameter lS2mm Focal Lengtli. Price 12 00 
18mm 95mm ** ** 2 00 

30mm '* 50mm ** ** ** 1 00 


S'x2' Pyrex <^lcal Flet, H were 
Front surface mlrrore IH* x 3-S/lO* ** 

Send for free List 

MAYFIOR PRODUCTS CORF, Kotonoh, N 


0 00 
2S0 


Y. 


15 e? 


MfOPllltB 

BRUSH 
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Eosy to Plate CHROMIUM 

GOLD, SILVER, NICKEL, COPPER 
For Pice sore and Profit I 

If you have a workshop— at home 
or In bu^ilm SM - you nec<l thh mw 
Warner l le« tropKter At the stroke 
of an cloctrllUd brush you can 
cloctroplutc and projids — 

you cm itplatc worn artlcks fail 

Cits took n\liirts sllviraarc cti 
wUh a durable sparkling coat of 
nutil Oold siUtr i-hroiiduin 
Nl(k(l C opprrorC iidiniuin Mithod 
Is cahv sInipU ijuirk L\erytblng 
furniMlu d — eiiulpnu tit * oinnli ti 
riadv for u e hi/ doing a bit of iiork 
Jot oihcrt your turn him can pa i/ for 
ilktff uifhln a U'crl make >our 
shop complete by getting a Warner 
1 Uctroplaler right away Send to- 
day for 1 HEF SAMPLF and Ulus 
truted llteratuPt ATI A1 ONCH 
CLECTIIIC CO DEPT A 7 
1 Mlchlgen, Chicago I, IHinoia 


WARNER 
SeO Norths 


FREE Details & Sample! 


I RAINOi ELCCTIIC CO , leo N Michigan Chicago 1 Oopt A-7 I 

I Gentlemen Bend I<ree Sample and Diiilinto J 

\ame • 

Addreas _ | 


I City 


bubbles caused by dipping In addition, 
oil jackets the sides and bottom of each 
tank Oil and plastics are thermostati- 
cally controlled so that the electric 
heaters are shut off when either reaches 
Its ceiling temperature 

AIR STERILIZER 

T HE MOST recent model “Hygeaire” 
unit for air sterilization employs a 
General Electric germicidal tube to 
project intensified ultra-violet rays 
across living or working areas above 



Kills edr borne germs 


eye level A scientifically designed re- 
flector provides both optimum intensity 
and diffusion of the rays that are lethal 
to air-borne bacteria The unit may be 
recessed into the wall, or suspended 
from the wall or ceiling 
Because more than 85 percent of the 
ultra-violet energy output of this new 
unit IS of the geimicidal wavelength 
(2537 Angstroms) it will assist indus- 
try In combating absenteeism caused 
by cross infection in offices and plants 
The unit is made by American Sterilizer 
Company 

PARTS PROTECTION 

New methods foi the protection of 
precision machined parts and sensitive 
surfaces are appearing in industry 
Thread protectors and dust caps for 
the protection of threaded and ma- 
chined parts have been put on the 
market by Precision Paper Tube Com- 
pany They are made of spiral -wound 
fiber, kraft paper, or cellulose acetate, 


Protection for delicate surfoces 



Sharp edges are kepi sharp 


under heat-treated compression They 
are designed and constructed for dur- 
ability m protecting fittings and ex- 
posed openings and ends from moisture, 
rust, dirt, or damage in packmg or 
shippmg 

These protectors are shaped to the 
article to be safeguarded — cylindrical, 
square, rectangular or tapered, crimped, 
fidred, or perforated — with tolerances as 
close as dt003" The name of the part 
and number, as well as the name of 


manufacturer can be printed on the 
prot^tor 

Another example of protection is be- 
mg practiced by the Wendt-Sonis Com- 
pany in the safeguardmg of carbide 
tipped tools in transit, stock-room, or 
tool-room bin by applymg a strong 
plastics coatmg to each tool immediately 
after final inspection at the plant 

This hard and durable covering re- 
mains in place until inspected by the 
purchaser and then it can be slipped 
back over the tool tip to achieve per- 
manent protection in the tool bin Al- 
though the covering is air-and-moisture 
proof after initial application, it will not 
leave any gummy residue on the work- 
ing surfaces when removed from the 
tip 

STRAIGHTENING PRESSES 

A LINE of hydraulically operated and 
accurately controllable presses has been 
designed for straightening both finished 
and rough work The presses mcorpo- 
rate many of the construction and op- 
erating features which have contributed 
to the successful operation of Colonial 



Presfure it registered on goge 


Broach Comp«inyS other machines and 
assembly presses 

The machines are of reinforced 
welded steel construction with built-in 
motor and with a direct-actmg hy- 
draulic cylinder built into the head of 
the machine Sensitive control is pro- 
vided through light-pressure hand 
control and foot pedals A pressure gage 
mounted on the head of the machme in 
front of the operator indicates the 
exact pressure being applied to the 
workpiece 

Straightening fixtures are equipped 
with either center or roller- type work 
supports accordmg to whether finished 
or rough work (such as forgings, upset 
shafts, and so on) is to be straightened 
These supports are mounted on a long 
guide rail which is particularly useful 
when long shafts are to be straightened, 
because they will prevent possible sag- 
ging of the work beyond the work 
anvils 

DRAWING COMPOUND 

A DRY drawing and annealing com- 
pound applied as a waxy, aqueous 
emulsion, is announced by the Plasteel 
Corporation, and has been used with 
success in the deep drawing of brass 
and steel. The compound is applied 
m varying strengths in either drum or 
spray type mechanical washing ma- 
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ValuobU Fur Dulldout Muif 
Easily Rqltud Rlootont Pattima 
Tromandowt Oamaiid 
Small luvotlmaiit Lar«a ProUt 
Offar You Stcurl^ ft 
Indtpondonco 

WILLOW iROOK FARM 
RfS, Solionvillo, Pa 


^BUY MORE WAR BONDS^ 


TECHNIQUE OF PLYWOOD 

By CHARLES B NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find Here, 
between the covers of a plastic-bound 
book, has been gathered technical in- 
formation on all phases of plywood 
manufacture, specially written for en- 
gmeers, designers, and users of ply- 
wood (249 pa^es 5 by 7^2 inches, 
tables and drawings ) — $2 50 postpaid 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W doth St New York IS, N Y 


Scientific American’s 
two telescope books 

AMATEUR TILESCOPK 
MAKINO and 
AMATEUR TELESCOPE 
MAKINO — ^ADVANCED 

wore propRred befors the war, wich- 
ouf the slightest thought of sole to 
professionius. Come the wor* Hun- 
dreds of new optical industries 
sprang up. Power amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For thair Tachnical staffs 

For thair Workman 

Why? 

Becausa the basics of precision pro- 
duction in optics are essentially the 
same for amateur and profassional 
aiika. Today tha two books ara in 
nearly ovary optical industry’s offices 
in tha nation. Thay ^Vata.** 

Amateur Telescope Making #4«00 
post|Mkl» domasne; foreign 
Amateur Talascope Making— Ad 
v'sinoad 0.00 dommtic; foraign 53 35 

SCIBNTinC AMERICAN 
24 Wiol 4 ilk SU New Ytk Hi N. T. 


chine at an operating temperature of 
175 to 185 degrees, Fahrenheit 

The coating contains sufficient an- 
nealing compound to prevent the for- 
mation of hard mill scale during an- 
neal, but does produce a thin, porous, 
protective scale that is easily removed 
in subsequent pickling, leaving a clean, 
scale-free piece 

The pieces can be drawn as they 
come from the washing machine with- 
out the use of a coolant oi added lubri- 
cant This gives a final pioduct that is 
smooth and clean 

EXPLOSION-PROOF MOTOR 

A NEW explosion-proof electric motoi 
IS totally enclosed in a bronze casting 
with removable sc row cover and 
adapted for conduit mounting It can 
be supplied in various shaft speeds, 
voltages, and frequency Said to be 
explosion proof by its manufacturer, the 
Wairen Telechron Company, the new 
motor was developed pnmarily for use 
in connection with automatic controls 
Used in industrial piocesses where 
atmospheres contain explosive vapors 

RHEOSTATS 

Ml ANY types and sizes of continuously 
adjustable carbon rheostats formed of 
carbon disk piles aie being manufac- 
tured by the Stackpole Caibon Com- 
pany Simply by changing the pressuie 
applied to these piles, every possible 
lesistance value within their range is 


made available without opening the 
electrical circuits m which they are 
connected The pressure to vary the 
lesistance to the most critical adjust- 
ment may be applied electrically, me- 
chamcally, centnfugally, or hydrauli- 



PresBure changes the resistance 


cally Uses lange from both generatoi 
and line voltage legulator applications 
to speed control through governed field 
(unent on motoi s Many other pro- 
jects incoiporating the carbon pile re- 
sistoi are now in the development 
stage 

METAL DEGREASER 

A METAL degre«iser and cleaner con- 
taining a fingei -print and body-acid 
neutralizei is being manufactured by 
the Colonial Alloys Company Even the 
most carefully cleaned and handled 



without appreciable loM 

"Amphenol ' on high frequency cablet 
meant the bett of polyethylene intulated 
cable — told under affidavit ^ exacting tealt 
and intpectiona "AmphenoT' on low-loat 
oonnectort meant the minimum of Iom in 
tight fitting, secure connectiont On both 
it meant trantmistion equipmant that will 
do itt part toward providing the clearast 
potsibla trantmlaaion and reoepUon of com 
mumcabona even under adverteednditiont 

JUIEMUM PHBNOUC (fOlPOIATION 

Chieago 80 « lUineie 
In Canada— Amphenol, Idd —Toronto 

U H F Ctbist tad Conntetor. e Coaateltrt (A N Brlthh) e Con 
duit a Cable AtatmMItt e Radio Parti e Ptntlca for tndaalry 
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POCKCT 

HKHOSCim 



Equipped with fully 
A^romotic lens sys- 
tem 40X SOX 60X in 
some tube. Price 
$15.00 in leother cose. 

/ 


L W. PIKE & CO.. 



ElisobeMi 3, N J 








(f M MSS X 74 1 X It) ^ (14S x OOM x U) 
= 13344+ 


Whxt about tha dodmal point? Placo it quickly 
•ad accunitoly aritb tha Dadmaltaar Pockat 
dao, la laadiar caaa, 42.SO| with axito (aiab 
dplyiag and dlvldias) acat^ #I Monay>back 

fuaraataa. 

GEORGE H MORSE 

937 Itfli St lawfli AHluftoa, Va. 


PUT YOUR PATENTS TO WORK 

Raaponslbla Arm of 23 yra axper In Pati and 
Ucanainc, daalraa Itama for davalopmant Prefara 
Idaaa adaptabla lloanalna axclusira basis WlU 
buy outright or taka aielualva franohlaa Gan 
dav^op apaclal maohmarr If nacaaaary Submit 
patant or drawings Kxplaln prospacta. oompatl* 
tlva products and basis will do business Box 550 
SclentUlc American, 24 West 40th 8t , N T 
It. M Y 


INVENTORS 


NOW IS THE TUNC TO 
PATENT TOUR INVENTION 

Idanufacturers everyikhere 
are buying patent Hcbts 
now, ao they wl0 naya 
new Items to make and 
sell for civilian consump- 
tion as soon as the war 
is over You should look i 
ahead to the future, too 
Protect your invention/ 
and yourself by applyii 
for a patent now. 

OET FREE LATENT GUIDE'’ 

Our free 48 page “Patent Guide” tells 
what details are necessary to anply < 
for a patent , and countless other facts ' 
vou will want to know ^ Mad coupon 
for Free “Patent Guide ' and “Record 
of Invention” form today. 


CLARENCE A O BRIEN 
L HARVEY B JACOBSON 


Rifiatcfad Patent Attomayi 
95.C Adams Bldg. Washington 4, D. C. 
Please send your 48 Page “Patent Guide” 
and your “Record of Invention” form 
FREE request does not obhgate me* 

Name 

Addreat 
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work going through the various rout- 
ing and shop operations prior to final 
finishing, picks up finger-marks, moat 
of which are acidic. It is this acid 
which, if not quickly neutralized, oxi- 
dizes the metal surfaces long before 
the finishing operation is reached Too 
often the finish is blamed, when the 
trouble really centers on proper clean- 
mg and neutralization of the metal 
surfaces 

MASKING STICKERS 

An EFncucNT method of masking name 
and instruction plates, now being wide- 
ly used in war plants, has been de- 
veloped under the trade name of Kum- 
Kleen maskmg stickers They are 
available die-cut to the exact specifica- 
tions of the manufacturer The name 



Thsss mosldag sticksrs proiset n o m s 
plcitM dtaring the finishing process 

plate is attached to the product on the 
production line, covered with the mask- 
mg sticker and the product then painted 
or finished. These masking stickers, in 
addition to being die-cut, are applied 
without moistening, stick to any smooth 
surface, are not affected by heat or 
cold and easily peel off without leaving 
a trace 

ROUND-PACe STAMPS 

Hand stamps with '"round-face" rather 
than sharp-face characters specifically 
designed for low stress marking of 
lightweight alloy forgings and castings 
are now available Manufactured by 
New Method Steel Stamps, Inc, they 



^ ^ 

ROUND PACI »HARP PACK 

Round-faced ehoractars on stamps 
roduco strossos in lightwoight aRoys 

are said to be particularly suitable for 
marking aluminum and magnesium al- 
loy parts which will be subject to either 
tensile or torsional stresses in service. 

Use of round-face stamps lessens the 
chances of cracks starting in the forg- 
ings or castings marked by them. All 
dimeters have been carduUy engi- 
neered and designed in acrordance with 
3AJBL aeronautical 8peciffiatiQ|ia whidh 
cfll for im prml ons not deeiier than 
003 inch and fillets (radius curve) 


IRVmTORI. Do Not Ddoy. 

RANDOLPH a MAVlRf 
38 CalimibioM Bldf , WoRblnstoa, D C 



MAGIC ELECTRIC WELDER 

iia volt AO-DO, welds, brases. foidera, eats 
all metals, easy to use, full dlreettoas Oom- 
plete vttb power unit, flame and metallto are 
attaohmants, earboas. fluxas. rods, mask. Uaed 
Qnl^JlS^^ For profealonal or bobbylsi. 

MAGIC WELDER MFG CO 
239 CamI St OtM. PA-U Nw Y«1i CHjr 


COt'E^^’roUfS®^ 


Writ* NolsMi Co., 22 1 a.WaiMMi Av., 




VEEDER-ROOT INC. 


FORECAST Ihe 
//iX weother more intel- 

‘ WEATHER OIALJ figenfly. The ACE 
" ^WEATHER DIAL i$ 

a scientific instrument that gives you 
o more accurate prediction from the 
reading of your own barometer. The 
ACE DIAL shows a dozen variations. 

Pottpeid $1.00 Id US. A. 

W. H. REDDING 

SI05 N.wh.ll $1 Phlladtlphla 44, Pa 
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of not less than 006 inch at all inter- 
secting surfaces of an impression. 

Shai^ are provided either plain, or 
knurled for filler and thumb gripping 
BSvery stamp is tempered by automati- 
cally controlled heat-treating methods. 
The upper i>ortion of each shank bears 
a characteristic “temper color'* indicat- 
ing that the correct degree of hardness 
for best withstanding of mushrooming 
has been imparted. The tapered and 
rounded heads retard peening and 
dangerous chipping under blows 

TIMBER SAW 

A NEW Lowther C-Saw for timber cut- 
ting has a constant centered drive 
which IS said to insure belt alinement 
no matter what the angle The saw 
operates with equal smoothness at any 
angle on or off the ground Four 112- 
mch V-belts connect two constant cen- 
tered drive pulleys Wheels have 
needle bearmg and heavy-duty indus- 



V belts dily# the blade 


trial type dual pneumatic tires as op- 
tional equipment for easy rolling 

Power comes from a six horsepower 
air-cooled engine, claimed to be eco- 
nomical of fuel The frame is tubular 
welded steel, and the axle is heat- 
treated steel A 30-inch blade with 
extra large teeth and extra deep gullets 
minimizes file and upkeep Saw speed 
IS 1150 revolutions per minute 

SYNTHETIC CHLORINATED 
RUBBER 

A RECENTLY developed synthetic, called 
chlorinated isopol, available m metal 
primer formulations and in powder 
form, IS said to be practically identical 
to chlormated rubber in flame resist- 
ance, moisture resistance, chemical re- 
sistance, solubility, stability, and com- 
patibility with plasticizers 

Among its suggested uses are as a 
primer for rubber-to-metal adhesion, 
as an ingredient m adhesives, paints, 
lacquers, and inks, and as an acid- and 
an alkali-resistant coating for metal, 
concrete, and other surfaces It is also 
useful for fire-proofing or moisture- 
proofing fabrics and other materials; 
for soimd and heat insulation qualities, 
and as a plastics wherever inertness to 
chenucals and fire-proofness are of 
importance 

Although the new product is not yet 
standardirod in viscosity range, the 
Union Bay State Chemical Company 


has announced that production is suffl- 
ci^t at present to enable sampling and 
service of reasonably sized orders 

MARKING DIB HOLDER 

A NEW style die holder facilitatmg 
the marking of all types of ordnance 
and automotive parts too large to be 
handled has been announced by Acro- 
mark. It is said that the compact self- 
contamed unit holds all marking dies 
in exact position ready for stamping 
The face of each marking die is pro- 



A single blow marks the work 


tec ted in the holder so that it may be 
quickly placed in marking position 
without danger of scratching the work 
Each marking die is properly bal- 
anced with the marking arranged so 
that an impression can be made by a 
single hammer blow on each die The 
dies are supported m such a manner 
that “bounce" or “chatter" marks are 
practically eliminated Individual sec- 
tions of the marking may be changed 
as required, making it unnecessary to 
scrap the entire set-up or die Markmgs 
cannot be placed in a wrong position 
or inverted after holder is set in place 

GAS GENERATOR 

A NEW model of the generator which 
produces dry chlorine dioxide gas from 
chlorine and dry sodium chlorite has 
been developed by The Mathieson Alkali 
Works The chlorite is now contained 
in a reaction tower within the control 
unit, in contrast with earlier models 



The Dark Continents 


of Your Mind 

DO YOU struggle for balance^ Are you 
forever* trying to maintain energy ^ enthust- 
tm, and the will to do? Do your person- 
ality and power of accomplishment ebb 
ind flow— like a stream controlled by 
>ome unseen valve^ Deep within you are 
iHinute organisms From their function 
:>pnng your emotions They govern your 
.reattve ideas and moods even your 
enjoyment of life Once they were 
thought to be the mysterious seat of the 
soul— and to be left unexplored Now 
cast aside superstition and learn to direct 
intelligently these powers of self i 

Accept this Book 

Let the Rosicrucians, an age-old fraternity of 
thinking men and women (not a religion), 
point out how you may fashion life as you want 
it—by making the fullest use of these hccle-un- 
derstood natural faculties which you possess 
This IS a challenge to make the most of your 
heritage as a human Write for the Free Hook, 
The Mastery of Life ’ Address Scribe ^K.B II 

ROSICRUCIANS 


Son Josa 


(AMORC) 


California 


With DI-ACRO 
BENDERS 

The DI ARCO Bender makes perfectly 
ctntcrcd eyes from rod or strip stock at 
high hourly production rates 
Both cvf ind tcnttring bend 
arc formed with one open 

S tion Any size eye may be 
DI-ACRO formed within capacity of 
B8NOXR bender and ductile limits of 
NO 1 iteti'il 

R 


''IhodAittv 

CENTERED 


DI-ACRO Precision Bending is 
accurate to 001' lor dupU^ted 
parts DI-ACRO Benders bend 
angle, channel, rod, tubing, wire 
moulding strip etook, ete 
Machines are easily adju^ble 
for simple, compound and re- 
verse bmds of varying radii 



•<PNiMUiiMd "D»-ACK-«0» 


o'nm-imin mFow. 



DIE - LESS' 

OATINQ showing many 
kinds of ' dieless ’ 
dupUoatlng produced 
with DI-AOHO Bend- 
ers, Brakes and Shears 

347 EIGHTH AVf SO , 
MINNEAPOLIS IS, MINN 
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WAKTED 

! 

The Post'\^ai Planning | 

Division of f>in Engl i 

neering Department in | 

vites col lespondence j 

regarding >oiir post ^ 

war problems involv | 

I 

ing the ns( of prt ( ision 

optual elements, mir- ! 

1 

lors and instruments ' 

Wm. MOCEY & SONS, me. . 

PLAINFIELD, NEW JERSEY 
EST 1882 


NOW 


Rtpair year own 
ELECTRICAL APPLIANCES 

wrifh 

CHANITB S«lf-W«l<liag ELECTRICAL 
HEATING ELEMENT flux Geuimac 
uttount, inctructiona •aclocxd #1 00 
poAtptid 

CHANITf SALES COMPANY 
#14 South Moin Port Worth 4, Toxm 


For Scientific and Technical Books 
Try our BOOK DEPARTMENT 
SCIENTinC AMERICAN 


TkeieFKttiookA 

AM rOR Mf N AND WOMIN 
WITH IDIAS FOR 

mVENTiONS 


Opportunity taM never Itnock- 
ed herder tor Inventors^ 
induetry is preperlntr for on 
ere of prosperity NOW 
new product* new proctOeee 
ere wented NOW! 


Oet these books todey They 
fully explein whet you must 
do to protect your invention 
Ml you etep by step 
They eontelD velueble Infr ' 
metion show lift fund* 

mentol meehenloel movements 
mey help you comnlete 
your Invention We send wjth 
book! free Vvldenee of Tnveh- 
tkm form Uiet mey help you 
eeUblieh your eUlm 


Books ere written by men of 
tsporltnce In netent mettem 
men who heve helped 
layealofe for 47 yten 


JUST SIND COUPON 



which required separate chlonte 
towers Removable 'front and sides 
make all parts of the imit easily ac- 
cessible for servicing The new gen- 
erator measures five feet in height, two 
feet m width, and 18 inches m depth. 
This equipment is used commercially 
to generate chlorine dioxide, a gas with 
two and a half times the oxidizing 
power of clilorine, for the dry bleach- 
ing of starch, wheat flour, high-fat soy 
flour, and wool grease, and foi checking 
blue mold in citrus fruits Chlorine 
dioxide IS also used, in solution, in 
bleaching soap, paper, and textiles, and 
in removing objectionable tastes and 
odors from public water supplies 

TUBE FINISHER 

A coMi'LETFLY automatic Leonard Tube 
Master for squaring, burring, flaring, 
and beading ferrous and nonferrous 
tubing, in sizes fiom Vg to 3-inch, out- 
side diametei, is now available Known 
as model 3CP, it was developed and 



Finishws tubing automaticoUy 

pel fee ted as a completely automatic 
machine at the lequest of the majoi 
an Cl aft companies The operator, man 
or woman places the tube in position 
and presses the control button The 
machine automatically completes the 
cycle of squaring and burring, flaiing 
oi beading the tubing Uniformity of 
finish can be maintained indefinitely to 
exact predetermined specifications 

POWER BRUSH 

A POWER brush tor lemoving buirs, 
preparing metal sui faces, and foi work 
on rubber parts as well as many othei 
applications, is said to provide industry 
with a tool capable of increasing pro- 
duction rates at a minimum end-of- 
service cost and extending the applica- 
tion of fine-wire blushes to work hith- 
eito considered impractical 
A pioduct of the Osboin Manufac- 
turing Company, it is a 12-inch monitor 
section filled with 005-inch power 
brush wire and has a one and a quar- 
ter-inch arbor hole It is especially well 
suited to aluminum, brass, and other 
ductile metals for removing burrs effec- 
tively without damaging adjacent sur- 
faces of the part, according to the com- 
pany, and will find extensive application 
pn hardened and unhardened steel 
parts 


SAMWORTN BOOKS ON HREARMS 

Teohnlexl xnd praetloal work* on flmrms 
balliatlea, Msxnunitioa, BdtnUflc iflcntlflofttlcm, 
Ruaxmlthlnff, hUtoiy and use of |41 flroarmt and 
Kindred BUbjectB Tirenty-flvt tltlM now offered, 
whleli cover the ahootlne field and varloue allied 
•ubJeotB Oatalof for 3# etamp 

THOMAS O. SAMWORTH 
Smoll-Arme Tedinicol RubHehlng Company 
Plantortville« South Cormlna 


NURSES NEEDED 


The biggest battles of the wor ore still to be 
fought Casualties are Increasing every day 
The life-saving care of Navy Nurses U of 
greater Importance than ever bmore 
Four thousand more Navy Nurses are needed — 
right nowl 

Registered nurses, araduates of on accredited 
school of nursing, 21—40 years of age, single 
or legcdly separated, and citizens for 10 years 
are urged to write for further porticulars 
Address The Surgeon Oenerai, Bureau of 
Medicine A Surgery, Navy Department, Wash 
ington 25, D C 


ALNICO Pocket Pieces 11 x 9/16* x ViT 

pair $1 00 

Horse Shoe Magnets x J.;.* x pair $1 25 
1’^" X 3#*' Watch size GEAR BOX 
IflO to 1 Hallo 354 3 for $1 00 

SKINDERVIKEN rranimltter Button with 
16 page Experiments Booklet $1 00 

2U X IVb AC no volt Clock Motor 
3 revolutions per minute $3 00 

One ampere Mercury Switch 
long leads 354 4 for $1 00 

BLAN, 640 D>y Sift, N»w York 7, M. Y. 
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THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

u now in uip by moat 
of the Police Departments in the 
United States. It ii also tha system 
which applicants for many Civil 
Service positioni mutt master before 
they can successfully fill all require- 
^ mentf. 

The only book based on the Henry 
System is Frederick Kuhne’s 

<THE FINGER PRINT 
INSTRUCTOR’’ 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in ths Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete Instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make ell details clear. 

Used by many governmental end 
industrial personnel departments 
end by the F.B.L 

#4*25 postpaid 

Ordir FroM ICIENTIFIO AMIIU8AN 
II WmI mb Itrtil, Niw Ytrfc 11, II. Y. 
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Ail Serious-Minded Production Men 

SHOULD HAVE THIS 


I B « 1 1 e i i n 
Briefs 

Conducted by 

K M. CANAVAN 


(The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
of the publications hated below ) 

Fluorochemistry is a six-page bulle- 
tin, the first of a series, based on 
fluorescent analysis of various chemi- 
cals, liquids, and solids with ultra- 
violet rays The theory and utility of 
fluorescence is fully covered as well 
as the basic concept of luminescence 
Printed in form convenient for filing 
The series is available upon request 
Ultra-Violet Products, Inc , 5205 Santa 
Monica Boulevard, Los Angeles 27, 
California — Gratis 

National Codes for the Prevention of ! 

Dust Explosions, 1944, is a 176-page 
book covering the 15 American Stand- 
ards Codes, a new code for Explosion 
and Fire Protection in Plants Producing 
and Handling Magnesium Powder or 
Dust, an amended code for starch fac- 
tories, and a statement of fundamental 
principles of dust explosion prevention 
in industrial plants National Fire Pro- 
tection Association, 60 Batterymarch 
Street, Boston 10, Massachusetts — Red 
cloth binding $200, brown paper covers 
$100 

Tomorrow’s Production Today by Re- 
sistance Welding is a booklet 
directed at the non -technician, giving 
biief explanations of each basic type of 
1 esistance welding, what resistance 
welding IS doing to speed the war ef- 
fort, and what its post-war possibilities 
are Request Bulletin 101 Resistance 
Welder Manufacturers* Association, 505 
Aich Street, Philadelphia 6 Pennsyl- 
vania — Gratis 

Whlelco Thermocouple Data Book 
and Catalog is a 40-page guide to 
tlie propel selection of thei mocouples, 
lead wire, protecting tubes, heads, and 
insulators Descriptions, puces, milli- 
volt and tempera tuie conversion tables 
are given Wheelco Instruments Com- 
pany, Harrison and Peoria Streets, 
Chicago 7, Illinois — Gratis 

Post-war Uses of Explosive Rivets is 
a manual containing many post-wai 
possibilities for explosive rivets in the 
automotive and air conditioning in- 
dustries, m housing and household ap- 
pliances, and in other fields E I du 
Pont de Nemours and Company, Inc , 
Explosives Department, Wilmington 98, 
Delaware — Gratis 

Consider the Calendar, by Bhola D 
Planth, IS a 138-page booklet pub- 
lished by the Bureau of Educational 
Research in Science, Teachers College, 
Columbia Umversity, and it presents 
the historical perspective, pertinent 
facts, and two saflent alternative solu- 


FORGING AHFAD IN BUSINESS 
contains a message of particular impor- 
tance to production men This is your 
opportunity to obtain a copv of this 
famous book, ^ hich has been described 
as a “turning point in the lives of liter- 
ally thousands of men”’ 

Although “Forging Ahead in Busi- 
ness” has been distributed to more than 
3,000,000 men, today's timely edition 
was written in the light of recent world- 
wide developments Its 6 i pages repre- 
sent more tnan three decades of suc- 
cessful experience in training men for 
leadership in business and industry 
It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, arc 
discussed in the book iiul placed in 
significant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
“Forging Ahead in Business” 

thirty mmutes ths little hook 

f ave me a clearer pnture of my 
ustness future than / ve ever had 
before ” 


FREE BOOKLET! 


the Institute’s 100,000 substribers, iw- 
cludtng I34p000 production men ' 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in “FORG- 
ING AHFAD IN BUSINESS” are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and 1 rederiek 
W Pickard, Vice President and Direc- 
tor, F I du Pont de Nemours 8c Co 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual— the man with 
ambition and “drive” — “Forging Ahead 
in Business” has a message of distinct 
importance If you feel that it is in- 
tended for >ou, don’t hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


and that represents the opinion of 


ALEXANDER 

HAMILTON 

INSTITUTE 


Alexander Hamilton Iniutute .... 

Dept 35, 71 West 23rd Street. New York 10, New York 
la Canada, 54 Wellington Street, West, Toronto 1, One. 
Pleaae mail me, without coat, a copy of the 64-pigt 
book— “FORGING AHEAD IN BUSINESS ” 

Name 

lirm Name 

Business Address 

Position 

Home Address 
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The Editors Recommend 


PIIOCXDtnm IN nCPKRIMMNTAL PHYSICS — 

By imkm PhM* A wodth of OMfal data of 

a praatieal kind for tko eoMtroator, aaq»aiiaaatta, 
and akUlod oraltaMHi. 

STXKL SOUAHt POCOT HOOE — By MpSf 
U BtmddmnL Praotkal noikoda far aaiac tko oar 
Miar*a atool ofaaro for layoat work of all kkida* 
Tla>o*trfad OMihoda aaod ky two gaaaratlaaa of oar 
paatora aad foaad both rapid and aoaarato. SI 00 

A MANUAL OP MICHANICAL MOVIMBm 
By r. M. Ctmrk, Prasaata faadatawatala aw wUak aU 
auMkiaaa ara ballt 400 UlaatratloM aad 100 pboto> 
frapba of modala daaaoaatrattaf aaebaaleal prlaaiplaa 
aapplawMNat tbo taat $S.10 

TOOL MAKING — P j C. If . Cmim. iMtmatiaM far 
ataklBf aad oalag aU kiada, fraaa paraoaal took to 
arbor praaaaa, lalhaa, plaaara, ata., la dlfaraat 

taatala. SS.00 

TKCHNIOUK OP PLYWOOD — By Ckmim P. 

ATorHa. Technical lafonnatloa ao all phaeae of ply* 
wood BBaanfaetnra aad nea, coaiplled for aaglaoara. 
daalgaara, aad aeara of plywood Importaat to 
aMuay phaaaa of wartlao bonelag aad ■aaafaotarlng 
probloau $S.SO 

OPTICAL WORKSHOP PRINaPUB — By Cmt. 
Chmrim Ddod War time translation of a French 
work on precision shop optics with heavy emphaaia 
on actual handiwork Covers glass, abrasives cements, 
mechanical theory of working optic al surfaces, aur 
facing, teats, centering, and ao on $6.10 

HANDBOOK OF CHKMISTRT AND PHYSICS 
A alaaalo rofaraaea book raoaatly rariaad aad hronght 
ap to*dato to koop paea with roeeal reaaaroh In 
eludea material on all braachea of chemistry, physics, 
aad allied aelaacoa Used In laboraterlea and by 
eaglaeora tbrooghout the eonatry Flexible bladiag 
2S71 pages $6.10 ForolifB $4.50 postpaid 


Best Sellers 


In Science 


A PRACTICAL COURSE IN HOROLOGY — Pp 
HmrM C, BMy* Definite, ootrlgbt. praotloal In 
atraatioas oa walab atakiag, repair, aad adjoatmaat. 

$S3S 


8UDR RULE SIMPUPIED By C. O. Harrfa. 
How to naa a allda ral# witboat any of tko myatlfi 
cation that citaa aarrooada thla Importaat tool of tha 
aaglaaar EaaoUaal llhuiratloas make ararythiag 
elaar $5 60 laalodlai a lUda ralai for book aloaa 


THE ELECTRON MICROSCOPE — Py Pariaa 

aad KmhL A well writtan aoconnt of this newest 
tool of science, with all technicalities explained for 
complete aadaratandlag by avaraga penoa. $8 98 

A COURSE IN POWDER METALLURGY — By 
Waitmr /• Bmmm* A sound view of the OTorall tub 
jeet of powder metalhiify whleh will aorve as an 
excaHaat guide and rofaraaee book. $$ 60 


THE SCIENCE OF WATCHES AND CLOCKS — 
By A. Raaeflagia. Nm a book oa watab and clock 
repalrinfi, but one for horologlata lataraotad In the 
aeienaa nadarlylag fine dmekeapera $8 60 

PLASTICS, PROBLEMS AND PROCESSES — Py 
Afanapargor aisd Pappar, The whole story of plaa* 

tics, including a resume of manulaoturing prooaaaea 
and a number of thorough going ehaptera devoted to 
plaatloa uses $8.10 


ATOMIC ARTILLERY — Py /oAa KaHaoA 
Pabartaaa. Elaetroaa, protons, poaltrona, photons, 
aaatraas. aad aoaaUe rays, all daaarlbod for tha 
layaua in plain language Also transmutation of tha 
elements and the manufacture of artificial radio 
nativity gg 


FUNDAMENTALS OF ELECTRICITY — Py a 
Stag a/ EtaetrUmi Bmparts Although deolgnod to 
supply man about to eater military aervlca with a 
foundation for farther training, this text will serve 
a similar purpose for anyone daairona of acqnlrlnf 
such knowledge $S 10 


EXPERIMENTAL SPECTROSCOPY — Py JtafpA 
d. Smmyar Covert theory and types of apoctroaeopea 
and tpoctrograpba, mounting and uae of gratings, 
determination of wavelengths infra red spectroscopy, 
spectroohemical analysis, and so on Somewhat 
elamaatary but retfuirea knowledge of physics and 
some physical optics $5 lo 

EXPERIMENTAL ELECTRONICS — By Ralph 
H MulUr, R L Gorman, and M B Drom, 
A solid book of eminently practical information on 
tha abaraeteristioa and non communication applioa 
tiaoa of aleetron tuboa The text describes experi 
manta and prasaata roanlu For students, radio 
eaglaaers, communications experts, and the aarlous 
general reader $4.78 

PRISM AND LENS MAKING — By F Twymmn 
A wide variety of notes based upon a long lifetime 
of practical optical shop work Not a full step by 
step manual but a valuable working aid to the ad 
vanced telescope maker and others lo optical work 
While the text deals ostensibly with professioual 
quantity production much of it is basicity applio 
able to single piece work $4.60 

PLASTICS — By / #l Dubois Revised enlarged 
edition of an important work on the whole gen 
oral subject of plastics, plus much new material 
on synthetic rubber, manufacturing processes, and 
plastics moldings gg gg 


ELECTRONIC PHYSICS — By Hoalar, LoIn, mmd 
Seaislan. A slmplifiod text for those who desire to 
acquire a sound basis for following the advance of 
applied electronies. $8 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — Py C, P. DUIelfo 
How to prepare many of the well known reains and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organie chemistry 

$S.10 


FUNDAMENTALS OF OPTICAL ENGINEERING 
— By DommU H. Fawwba Tbb new work starts 
out at the very beginning, is mainly non mathe 
matical, aad la probably the best suited of all 
esiatlng books as an introduction to optical design 
Author la a physicist at Bureau of Standards $8 10 


FUNDAMENTALS OF PERSPECTIVE — By 
Thoodmrm DePastalt, AJU, A method of showing 
the order, or sequeneo, In which lines of a perspective 
are drawn. Use of colors, numbers, and arrows 
eliminates much text found in other bookP^ on this 
subjeot 20 loose sheets in binder $2 60 

MACH1NERY*8 HANDBOOK — ItiA BAMmn 
**Blble of the mocbanlcal industry,** 1815 psges 
of latest standards, data, and information required 
dally in the shop and drafting room $6.10 


^ Tbo above prices are postpaid In the United States. Add, on foreign orden, ^ 
28 ^ for poBlage on oeeb book, oneopt oa noted. 


For Sale by: March, 1945 

SCIENTIFIC AMERICAN, 24 West 40lh Street, New York 18, N. Y. 


tions relating to calendar change. B«« 
reott of PuhUeotUmB, Teachprf College, 
Coluwhia UfdverHty, 525 Weet 120 
Street, Neio York, Neto York— $2.35 

Facts You Should ICnow About Rex 
Speed Przki Pumps is an 18-page 
catalog based on various models of 
pumps, their features, specifications, 
and applications in agriculture, in 
utility work, in general dewatering use, 
in oil field and marine field use, and in 
industry. Chain Belt Company, 1600 
West Bruce Streets Mxhoavkee 4, 
Wisconsin — Grafts 

Superior Fluxes for Welding, Brae- 
ING, AND Silver Soldering Is an 
eight-page catalog covering over 20 
different fluxes with details on the 
characteristics of each and a schedule 
of list prices The catalog is arranged 
for easy selection of the proper flux 
for each application Superior Flux 
Company, 913 Public Square Buildings 
Cleveland, Ohio — Gratis 

Catalog and Handbook of Bauer and 
Black Industrial Adhesive Tapes 
IS a 21-page loose-leaf brochure list- 
ing, on separate pages, each type of 
industrial tape, a sample, description, 
and a list of its uses and specifications 
Bauer and Black, Division of The 
Kendall Company, 2500 South Dear- 
bom Street, Chicago 16, Illinois — 
Gratis to requests made on business 
letterheads 

Metal Quality is a 40-page booklet 
describing how **hot working” im- 
proves quality of metal Beginning 
with the ingot, the process is described 
and illustrated, step by step, through 
all operations to the finished forging 
Drop Forging Association, 605 Hanna 
Building, Cleveland, Ohio — Gratis 

Your Fire Ppotection Insurance Pol- 
icy IS a 12-page folder covering the 
seven basic types of fire extinguishers, 
their construction specifications, and 
Underwriters Laboratories classifica- 
tions, as well as information on the 
types of fires each extinguisher is de- 
signed to combat most effectively 
General Detroit Corporation, 2270 East 
Jefferson Avenue, Detroit 7, Michigan 
— Gratis 

Occupations in Television, by John 
E Crawford, is a six -page leaflet 
outlining the training required, meth- 
ods of entrance, range of salaries, ad- 
vantages and disadvantages, and post- 
war prospects of television as a career 
Sources of more detailed information 
are listed Occupational Index, Inc , 
New York University, New York 3, 
New York — Single copies 25 cents 


1 enclose $ for which please forward at once the following books : 


Name . 

Address • . • • 

Write ut for information on books on any 8Lb|eet. We ran supply any book in print 


Die and Mold Duplicators is a 12-page 
booklet containing data, specifica- 
tions, a duplicator table, and a tracer 
head specification sheet for three 
duplicator models which are used on 
dies and molds for plastics, rubber, 
and glass, as well as drop-forgmg dies, 
metal patterns, and die-casting dies 
Request Bulletin 1319-E George Gor- 
ton Machine Company, Racine, Wis- 
consin ^-Gratis* 
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Ou Book Conor 

THE BOOK DEPARTMENT ol Bd^iitUlc Amrlcoa U eoiiduct«d« with th« 
co-opMatfoB of tho Editofft* to moko oYoUablo for you a comprohonslTo 
book torrieo. Eock month tho Editofi ooloct cmd roriow In thoso cohimno 
now bodes In a wido remgo of sdontUlc and tochnieal fiolds. In addition* 
tkoy oro roody at all tlmoo to odTlso yon rogarding tho host aTallcd>lo 
books on any subfoct Yon oro Inoltod to us# this torrieo frooly. Toll our 
Book Doportmont whot kind of books you wont ond you will bo fumishod 
with tho nomos of oroilablo books* Including pricot* Whon Ingulrlng 
«d>ont books* plooso bo spodfiej romombor thot wo con bo of tho grootost 
holp only whon you toll us lust whot you oro looking for. Books Ustod 
In thoso columns moy bo ordorod from our Book Doportmont Add 25 
conts por book for moiling outsldo U* 8* 

TO MAKE CERTAIN thot books ordorod by or for mon In tho Army* 
locotod In tho tJnltod Stotos* or mon In tho Nary* Marinos* or Coast 
Guord* locotod onywhoro* will bo dolirorod* hisuranco loos should bo 
sont with ordors* os follows: To $5 In roluo* 10€ oddltionol from S5 to 
$25* 20C; from $25 to $50* 


THE AIRCRAFT 
ANNUAL — 1945 

By David C Cooke 

N ON-TECHNICAL but technically ac- 
curate throughout, this second edi- 
tion brings its readers completely up 
to date on details of the aircraft indus- 
try and war-time operations It not 
only gives a broad view of the whole 
subject but will serve as an excellent 
reference book (288 pages, 7 by 9% 
inches, lavishly illustrated ) — $3 10 post- 
paid — A P P 

THE STORY BEHIND 
GREAT INVENTIONS 

By Elizabeth Rider Montgomery 

S UITABLE gdi for youngsters but not 
aimed at adults, this is a drama- 
tization in speaking narrative form of 
the invention of the telephone, phono- 
graph, spinning jenny, lathe, motor. 
Carborundum, reaper, steamboat, air- 
plane, and a score of others Your re- 
viewer's boy, 14, says it is a “swell 
book” but laments the lack of “an m- 
vention to make latin and algebra 
easy” (254 pages, by 8 inches, 8 
illustrations )-— $2 10 postpaid — A G I 

OURSELVES UNBORN 

By George W. Corner 

E mbbyologist of world-wide fame here 
presents three Yale University lec- 
tures on human embryology which 
would interest serious readers, also 
expectant mothers (and fathers), hav- 
ing scientific curiosity extending be- 
yond the immediately practical, in- 
directly it would also be of some prac- 
tical help to these expectants It is not 
a manual on prenatal care or a sex book 
despite its excellent anatomical illus- 
trations. (188 pages, 5% by 8 mches, 
26 ilustrations ) — $3 10 postpaid — A G I 

SNOWSHOE COUNTRY 

By Florence Page Jaques 

llELiGHTruL and informative is this 
tale of dog team and snowshoe 
travels through the great Ramy Lake 
watershed, in the border country of 
Minnesota and Canada The author, as 


a keen, practiced observer, and her 
noted artist husband, Francis Lee 
Jaques, with his characteristic black - 
and-wlute drawings, have captured the 
wild charm of that isolated region and 
wrapped it around a fund of informa- 
tion on wild life, geography, and geology 
of the Rainy Lake district (110 pages, 
by 10 V 4 inches, profusely illustrated 
with Jaques’ drawings) — $310 post- 
paid— ADR, JV 

PORT TERMINAL OPERATION 

By Eugene H Lederer 

T raining manual for new personnel of 
piers, export-import houses, steam- 
ship lines, stevedoring compames, 
lighter and tug operators, which covers 
many aspects of port terminal opera- 
tion, such as hoisting facilities, paper 
work, cargo handling, warehousing, 
admimstration, stevedoring, stowage, 
lighterage, towage, and the like An 
entirely practical, all-around book 
(430 pages, 6 by 9 pages, illustrated ) 

— $5 10 postpaid — A G 1 

FUNDAMENTAL PRINCIPLES OF 
PHYSICAL CHEMISTRY 

By Prutton and Moron 

N ew college textbook of the special 
branch of chemistry which deals 
with the physical properties and struc- 
ture of matter, laws of chemical in- 
teraction and the theories governing 
them, written by two professors of 
chemistry at the Case School of Ap- 
plied Science Mainly this is a typical 
text but it emphasizes tliermodynamics, 
with mathematics (calculus), also ful- 
ness of treatment (780 pages, 5 Mi by 
8Mi inches, illustrated ) — $4 60 post- 
paid — A G I 

HELLDIVER SQUADRON 

By Robert Olds 

fine story of Carrier Bombing 
Squadron 17 with Task Force 58 
which, led by Lieut Comdr James E 
(Moe) Vose, fought the Japanese with 
Curtiss SB2C Helldivers flying from 
the deck of the Essex The story is il- 
lustrated with sketches of fine pilots, 
photographs of vivid action, and is ex- 
citing throughout, perhaps all the more | 


ON TECHNICAL BOOKS 

Qucmflttes Limited 
Older Now 


Title Author 

Origbul 

Pne# 

NOW 

Baking Powders 

Mendelaohn 

<4 00 

$2 30 

Hair Dyes 6C Hair Dyeing 
Redgrove 

5 00 

2 30 

Chemical French 

Doh 

400 

2 00 

Plant Growth Substances 

Nicol 

2M 

tas 

White Shoe Dressings and Cleaners 
W D John 1 75 

1 00 

Chromosomes 

White 

1 30 

1 00 

Chemical Species 

Timmermant 

4 00 

2.00 

Private Gcneratmg Plant 

Proton 

2 50 

1 75 

Roof Construction 8C Repair 
Molloy 

2 30 

1 73 

Dictionary of Metals 8C Alloys 

Cenini 3 00 

1 73 

Superheat Manual 

Cemm 

2 50 

1 75 


Wireless Coils, Chokes 6C Transformers 

Camm 2 30 1 73 

Book of Garden Improvements 

Brett 2 30 1 23 

Manual of Endocrine Therapy 

Cinb«rg 3 23 2 00 

Milling Practice 

Molloy 2 00 1 00 

Plastic Molding 

Dearie , 4 00 2 00 

Tropical Fruits 

Sukh Dval 2 73 1 73 

Welding dC Metal Cutting 

Molloy 2 50 1 75 

Engineers Manual 

Csmm 2 30 1 30 

Rancidity in Edible Fats 

G H Lee 4 00 2 30 

Casein dC Its Uses 

H Hedert 3 00 1 30 

Utilization of Fats 

H K Deen 6 00 3 30 

Stromberg Injection Carburetor 

Fiehcr 2 30 1 73 

Structure of Metals 6C Alloys 

W Hunae-Rochery 2 00 1 23 

Reinforced Concrete Construction 

Centell 3 00 1 30 

Elementary Mathematics for Engineers 


Fleming 

2 50 

1 30 

Press Tools 



Molloy 

2 30 

1 75 

Handbook For Chemical Patents 


B Thomae 

4 00 

2 75 

Jigs, Tools 8C Fixtures 



Gate* 

4.00 

2 00 

Methods $C Analysis of Coal 

Be Coka 


1 SO 

1 00 

Aviation Instrument Manual 

5 00 

3 00 

Wiring Circuits 



Stuart 

2 30 

1 50 

Modern Oil Engine Praedee 
B Molloy 

5 00 

3 00 


(To above price* edd 10 cent* dotneetic poetege 
for each book For foreign poetege add 33 cents 
lor each book ) 
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NOT SALVAIE— NOT REJECTS 
NOT JUNK ! 

Each piece guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before been offered to amateurs. Our 
prices are a small fraction of original 
costs. Limited supply available of items 
listed. 

ORDER NOWI — DON’T BE SORRY! 
EYEPIECE IN FOCUSING MOUNT, 
IVh" (35MM) F.L. Surplus lot from 
war instrument. Tremendously wide 
held of view. Diameter of eye lens 
more than 1 ", field lens IV 4 '' All 
outside lens surfaces fluoride coated 
Most remarkably efficient (brilliant) 
eyepiece ever, each $4 50 
Bushing to fit standard tele- 

scope tube ^3 00 extra. 

Bushing to fit your special tube size 
$4 00 extra 

DOUBLE ACHROMATIC LENS SYS- 
TEM All outside surfaces fluoride 
coated F.L. 2 '/ 2 "' (64MM) Mounted 
OD. 1-3/16" (30MM). Clear aper- 
ture y#" (23MM). Suitable for in- 
verter with the above eyepiece, as an 
excellent magnifier of 4 power and as 
a projection lens for Kodachrome 
slides size 2 x 2 Each $3 30. 
ACHROMATIC CEMENTED OB 
JECTIVB, IVh" (48MM) diameter, 
10 V 2 " ( 2 ^MM) FL,, not mounted, 
fluoride coated, $3 00 
FOR OTHER SIZES-^EB OUR CATALOG 
MIRRORS: Front surface aluminized 
trapezoid, 3%" x 2 %" x 2 ^/ 2 ", I/I 6 " 
thick, each 25^, also l^s" x 2" 
(irregular) 1/16" thick, each 25c 
PRISMS. Excellent optical surfaces and 
very close angle tolerances, 1 " x U m" 
face For smaller reflectors, each 
$2 35 

Size 2 V 2 " X 2 V 2 " Prism, unmounted, 
white optical glass, excellent optical 
quality, slight edge imperfections, 
each $7.50 

Size 2 */ 2 " X 2 V 2 " Bausch flC Lomb 
Prism, in housing For photographic 
or astronomical purposes where the 
highest perfection is needed, each 
$50 00 

Also the following — in metal 
mountings, ready to make into 
diagonals, fluoride coated, meet the 
most exacting requirements, corrected 
to 2 seconds of arc* 

Sizes 

9/16" (15MM) X 11/16 (18MM) @ 

$2 00 (suitable for micro projection) 

1 1/16" (27MM) X 1 3 16' (30MM) @ 
00— -for 6 8 ' diameter reflectors 

1 5/16" (34MM) X 1 1/4' (33MM) @ 
50— for 6" dC 8" diameter reflectors 
Also Amici roof prism, double in- 
verting, guaranteed corrected to 2 
seconds of arc, 13/16" ( 21 MM) x 
13/16", each $2 00 

NOTE Ehagonals can be made to your 
specifications with above prisms 
Write us. 

ACHROMATIC NEGATIVE LENS, 
about 2" F L., suitable for Barlow 
lens, in meta' mount 1-1/16" 
(27MM) OD., clear aperture Vh" 
(23MM), each $2 00 
POLAROID, mounted in optical glass, 
suitable for telescope or camera, 1 " 
(25MM) diameter, 1/16" thick, each 
$2 00 

Includ. Postage — REMIT WITH ORDER 
NEW CATALOG of lenses pnsms etc , now 
in print Send 10^ 

HARRY ROSS 

Mtcroscopet, Setenttfic and Laboratoty 
Apparatnt 

70 W B'way, N Y 7, N Y 


because of its restrained style It gives 
an authentic, graphic idea of the way 
m which our naval aviation is strafing 
the Japs on land and sea in the Pacific 
At the same time, the book presents a 
comprehensive, instructive, and re- 
liable account of bombing technique, 
its accuracy and destructiveness, and 
its limitations This is a fascinating 
book for the geneial public and for 
those professionally interested in avia- 
tion (225 pages with illustrations and 
maps ) — $3 10 postpaid — A K 

ENOUGH AND TO SPARE 

By Kirfley F Mather 

O UR planet’s impoitant non-renew- 
able natuial resources, mainly min- 
eral, are far more extensive than is 
commonly held, and will last for 1000 
to 5000 years, according to the Har- 
vard professor of geology who in this 
book analyzes and discusses this large 
subject from seveial angles including 
Its immediate implications for world 
organization and planning Is man then 
to run through his recently acquired 
riches within only 5000 years, after 
living in poverty 500,000 years’ Seen 
against this scale of proportion the 
reassurances of the cheer ^1 cheerer- 
upper leave the conservationist a con- 
servationist still (186 pages, 4^2 by 7^2 
inches, 10 illustrations, map, statistical 
data, bibliography )— $2 10 postpaid- 
AG I 

NOAH'S SHOES 

By Max Fleischer 

W HIMSICAL yarn about a man of to- 
day who stocks an aik with all the 
animals, goes through a great flood 
and lands on Mt Atarat, with innu- 
merable sidelights on animal oddities 
in natural history, all of which the 
author claims are factual (160 pages, 
51/4 by 8 inches, unillustrated )— $2 35 
postpaid — A GJ 

FUNDAMENTALS OF 
ELECTRICITY 

By Charles E, Dull and 
Michael N Idelson 

C ompact and to the point is the text 
of this book aimed at the level of 
eleventh and twelfth grades in school 
It gives a sound basic presentation of 
the whole subject of electricity, in more 
comprehensive scope than is found in 
physics textbooks (456 pages, 5^/2 by 
7^/^ inches, thoroughly illustiated with 
photographs and diawingh ) -$1 30 post- 
paid -APP 

GENERAL METEOROLOGY 

By Horace Robert Byers 

W HILE this textbook, by the profes- 
sor of meteorology at the Univer- 
sity of Michigan, starts at the begin- 
ning, it IS less elemental y than some 
others and involves the calculus (a 
liitle, not heavily) and college physics 
Its coverage includes dynamic and 
synoptic meteorology, with thermody- 
namics, air mass analysis, and fore- 
casting technique, as well as the sur- 


rounding general aspects of meteor- 
ology and the recent advances Since 
considerably more advanced treatises 
exist, this one therefore rates as inter- 
mediate and It probably would best 
suit the reader who prefers somethmg 
fairly substantial (645 pages, 5% by 
8% inches, 300 illustrations ) — $5 10 
postpaid — A G / 

PIONEERING THE HELICOPTER 

By C L "Les" Morris 

O NE OF the nation’s most skilful heli- 
copter pilots, and the first to take 
the new kind of aircraft more than 
5000 feet above the earth, tells in live- 
ly and simple fashion how the Sikor- 
sky helicopter, to date the most suc- 
cessful, grew from the experimental 
stage under the guidance of its de- 
signer, Igor Sikorsky, until it was cap- 
able of sustained vertical flight as well 
as hovering, and flying backwards and 
forwards with safety and precision 
Mr Morns was Sikorsky’s chief test 
pilot in the helicopter development 
and his unpretentious account answers 
many of the questions the flight-mind- 
ed layman has been asking about 
this newest form of aviation (161 
pages, 5V^ by inches and numerous 
photographs ) — $2 85 postpaid — J C 

ON YOUR OWN 

By Graham and O'Roke 

W ITHIN the covers of this one small 
volume are condensed the many- 
sided field instructions for which you 
would surrender your whole fortune 
if suddenly stranded m wild country 
how to find emergency food (plants 
insects, other animals, anything to sup- 
port life) , how to deal with dangerous 
animals, how to avoid diseases, how 
to get out For lack of this book the 
Swiss Family Robinson had man> 
troubles Your soldier or sailor scfii 
and his buddies would pore lengthiU 
and pel haps profitably over these prac- 
tical pages (150 pages, 5 by 8 inches 
52 illusti ations ) — $2 10 postpaid - 

AGI 

THEORY OF GAMES AND 
ECONOMIC STRATEGY 

By Von Neumann and Morgensfern 

M athematicians will grasp the con- 
nection between games and eco- 
nomic strategy, which is approximate^ 
this The exposition of the various ap- 
plications of mathematical theory to 
games (and if you glance at this book 
you may get some glimmering of wh> 
It may be dangerous to get into a game 
with a mathematician, also the prin- 
ciples involved in these applications 
ai e used as a springboard for the 
newer investigation of sociological 
problems — but not as light summei 
reading except for mathematicians 
The authors are respectively professoi 
of mathematics at the Institute for Ad- 
vanced Study (Einstem), Princeton, 
N J , and professor of economics at 
Princeton University (625 pages, 6 by 
9 inches, 103 figures ) — $10 10 postpaid 
—AGI 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G INGALLS 

Editor of tfio Scientific AmerIccHi books ''Amateur Teleecope Mokms" 
ond "Amoteur Teleeco^ Makin«»Advanced" 


I N MAKING achromatic objectives for 
refractors, an approach from another 
direction than the more familiar one 
IS descnbfcd below by Patrick A Dris- 
collj 39 Bateau Terrace, Rochester 12, 
N Y While this “testplate method” 
involves a little more woik, it requires 
no optical flat and avoids other head- 
aches 

Asked to tell about himself, Dris- 
coll says “In 1930 I stumbled across 
the telescope making hobby when I 
was a ship model fanatic, and suf- 
fered a direct hit m the superstruc- 
ture I have had Carbo in my teeth ever 
since, having been an ‘ATM* (ama- 
teur telescope maniac) and made a 5" 
and two 6" achromats, also eyepieces, 
prisms, and so on I am now an experi- 
mental lens maker employed by the 
Eastman Kodak Co , Hawkey e Works 
Thus you might call me a sort of ama- 
teur piofessional amateur” His article 

SPECinCATIONS— The data in Figure 1 
— the radii, r, each r being numbered 
with a subscript, and thickness t 
similarly numbered — have been very 
carefully calculated to produce an ideal 
telescope objective All tolerances have 
been worked out to give the greatest 
permissible leeway, for enor in meas- 
urements 

Crown component Bausch and Lomb 
Optical Co (Rochester, N Y ) Light 
Barium Crown LBC-2, N,i 1 5711, V 57 3, 
thickness at centei 17 mm, diameter 



CROWN 


tf I ta 


FLINT 



r, « 935 51 mm 

t| - 17 mm 
Tj • +666 46 mm 
Tj ■» *“666 46 mm 
t} * 14 50 mm 
r 4 • + 2884 64 mm 


Figure 1 Specificationg 


iVs'* (thickness of blank 19 mm, diam- 
eter 5V4") 

Flint component Bausch and Lomb, 
Extra Dense Flint EDF-2, N.i 16890 
V 31 0, diameter 4%", thickness at center 
14 5 mm (thickness of blank 18 5 mm, 
diameter SVi'*) 

Finished diameter, 125 mm, e f 1 , 
1480 82 mm (58 30")i focal ratio 1184 


Hold thickness of each component to 
plus or minus 1 mm, ladii to 1 m the 
third significant figure (for example, 
plus 666 46 would be passable at 665 46) 

To convert millimeters to inches, 
divide by 25 4 

METHOD In place of the method in- 
volving legrinding or lepolishing the 
fourth surface to coirect variations of 
curves on the other three, we shall 
first make concave test plates, or mas- 
teis, to match the desired curve of each 
lens surface, controlling them by oui 
familiar old friend the Foucault knife- 
edge test, and then test our lens sui- 
faces against these test plates by means 
of Newton’s rings and the simple set- 
up described in “ATM,” page 244 We 
shall then be sure that, since the origi- 
nal computations and specifications by 
which we make the masleis are cor- 
lect, and since we shall make the mas- 
teis coiiectly to them and since we 
shall make the lens sui faces faitlifully 
to these masters, our achromatic lens 
itself will be — must be — collect 

Making our test plates will be ex- 
actly like making spherical mirrors, 
but four spheres look like a lot of 
work Let’s investigate 

Suiface 1, the ri surface of Figuit 
1, calls for one test plate 

Suiface 2 will be worked against 
suiface 3, tool-and-minor fashion sui- 
face 3 becomes the test plate for sur- 
face 2 

Surface 4 calls for a test plate 

Net extra labor, theiefoie, two tem- 
porary test plate curves — minus the job 
of making a flat 

Foi the fust of the sui faces suiface 
1 ( 1935 51 mm) — we shall use the 

crown blank as the tool and woik a 
^^ 4 " disk of common one-inch plate 
glass to the coriesponding concave 
radius, roughing, grinding, and fine 
grinding precisely as in pioducing a 
spherical minor, as described in 
“A T M ” To obtain the desired curva- 
ture, an aic of ladius 935 51 mm 
scribed on a thin piece of window 
glass at least 14" long, using a glass 
cutter, and this glass is broken apart 
to make a template (“ATM,” pages 
310, 344) , the best 6" section that shows 
evenness of break being used Oui tool 
when this is done, will be oui crown 
component and will have been com- 
pletely fine ground to curve on one 
side 

For the othqr test plate, the one for 
surface 3 (—666 46 mm), we use the 
other side of the crown as the tool and 
the flint as the “minor,” proceeding 
as before The result is the flint fine 
ground to *- 666 46 mm and the second 


surface of the crown smulariy fine 
ground to the corresponding plus curve 
TTiis finishes the grinding of the crown, 
care, of course, having been taken to 
bring it to the desired thickness — the 
computations called for 17 mm and we 
started with 19 mm, a 2-mm leeway 
for grinding We also have, as has al- 
ready been stated, a 1-mm plus or 
minus tolerance on thickness of either 
component This will eliminate elab- 
orate miking devices and automatically 
chloioform that bugaboo of the ama- 
teur optician, the fear of deviating 
from stated formulas We would not 
ruin our reputation m optics nor would 
we spoil the performance of our ob- 
jective lens if, on completion, the lattei 
were to come out with a crown curve, 
for example, of plus 66600 Any such 
small percentage of error still will pio- 
du6e a good achromat and a pleased 
maker 

In grinding a lens having a cuive 
on either side it is important that the 
surfaces be centered with respect to 
each other, that 's, that the optical 
axes of the respective surfaces be 
made to coincide longitudinally, other- 
wise we shall have what is termed a 



Figure 2 Adapted mike 


piismatic lens and this “prism” then 
could be removed only by centering 
the lens far below the diameter we 
want The 5y4" blanks have enough 
excess of glass for centering out slight 
ei I ors m edge tliickness but, when 
gi Hiding the second sides, we should 
oicasioridlly check the thickness at 
seveial points around the circumfer- 
ence Miciometeiing is best but meas- 
ining with a steel scale will be satis- 
factory at this stage The mike shown 
in Figuie 2, with some kind of stop- 
block attached, will give very accurate 
leadings, but such close readings — an 
.ilternative for the most exacting ama- 
teui — are unnecessaiy 

If one side shows thicker than the 
othei, apply more grinding to the thick 
side Stop occasionally moving around 
the lens and make extra strokes on 
that side 

For the last step in the grinding 
operations we now take our flint blank, 
which is already ground to the 
-666 46 curve (surface 3) and, turn- 
ing it over and using it as a tool, place 
the plate glass test plate (which al- 
leady has the —935 51 curve fine 
ground on it) flat side down and once 
again make a concave surface, this time 
-2884 64 When thi^ concave test plate 


MARCH 1945 • SCIENTIFIC AMERICAN 


191 




eOMPLETE HIBH-ORADE KITS 
OUR SPECIALTY 

Each kit hai two glaii dioct 
(corract thicknaM) tampa^ 
phchy a aafortad abraaivat 
including rouga (fawar may 
not gtva parfact optical aur- 
faca)» Inatructiona, FREE 
ALUMINIZED DIAGON- 
ALf ate* 

MIRRORS, mada to oedar 

a*' Kit #3 95 

6" Kll 4X>0 J*®) 

Kit 630 (RpcM, a 00 ) 

lO'' Kit 10 00 13 00) 

12" Kit 15^ (PTf«c, 25 00) 

PRISMS 1V4^ $3.75, V/i'^ $4.50 
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is finishfd in its fine grinding, the last 
side of the Hint lens is also finished to 
+288464 so far as grinding is con- 
cerned Care is taken again to bring it 
to tolerated thickness and to check for 
prism Our test plate also is finished, 
so far as grinding is concerned, since 
it now has concave curves on both 
sides. This eliminates a second plate 
glass blank and gives us somethhig to 
feel really bad about if we drop it 

The flint lens, having a concave sur- 
face on one side — exactly the same 
curve as the convex surface of the 
crown — auton^atically becomes the third 
test plate sur^e, the only drawback 
being that in placing the flint and 
crown together for testing purposes, 
care must be taken not to slide them 
and scratch the flint leps 

In all stages of the fine grmding on 
all the surfaces of the test plate and 
components we have made every effort 
to fit the lenses tightly to the template 

Because emery, which is graded m 
mesh sizes, is more consistent in grain 
size than Carbo, I prefer to do grmding 
with emeries Suitable emeries are 
made by Bausch and Lomb and by the 
American Optical Co Smee the time 
lost in washmg up and changmg during 
use of very elaborately graduated series 
of emeries, such as eight sizes, tends to 
pnnul the time saved by their use, three 
sizes only — No 180, No 500, and No 
1200 — ^will fully suffice and will produce 
perfect work 

This will be especially true if the 
micrometer is used for measuring glass 
removal and for controlling the old 
bugaboo, pitted edge Before gnndmg 
IS started, a permanent mark— -nick with 
a file or a j^kss cutter — is made on the 
edge of the blanks After the lenses 
have been brought to fit the template 
with No 180, they are miked near this 
mark and the reading is written down 
At least 0008^*^ of glass thickness must 
then be removed with No 500 m order 
to wipe out all pits left by No 180 
At least 0 004" additional must similarly 
be removed by No. 1200 

During work on all sizes the familiar 
trick of inverting and working the tool 
on top should be made available for 
helping to arrive at gage fit 

In roughing out with No 180, a long 
stroke — almost edge to center — may be 
used 

If the mark is overshot m the 500 
stage, the curve may be brought close- 
ly to gage through resort to several al- 
terations of inversion and return No 
departure thicker than an average sheet 
of writing paper should be permitted 
to creep in at the second and third 
stages 

In all stages of emery it is most im- 
portant to spread it evenly A blob of 
emery in the center will dig its own 
hole, and a smear on the edge will turn 
the edge 

The emery should be watery, not 
thick In the 1200 stage it should not 
be allowed to dry out too much A wet 
mixture cuts faster and reduces the 
likelihood of scratching 

After the 500 stage, and again at the 
1200 stage, the edges should be beveled 
slightly with some 500 and a small 
piece of glass To eliminate any chip- 
ping of the edge the bevel should be 


retamed throughout the 1206 stage and 
throughout polishing, 

’^RdU8HlNO--Now, after many tedious 
hours, we are ready to polish. Let the 
good worker’s rule be: “Never poliib 
one side until the other side is ground.” 
Thereby hangs the tale of no scratching. 

The test plate must be polished first, 
m order to give us a master reference 
to apply to the crown and flint curves 

In polishing we can once more refer 
to “ATM,” page 85, for procedure, 
except that, having polished innumer- 
able lenses both by machine and by 
hand, I wish to mal^ a suggestion that 
will immensely benefit the amateur, 
both in polishing time saved and in the 
figure produced. That is, to make our 
polisher 6/5 the diameter of the lens, 
when working with lens on top of the 
polisher, and 5/6 the diameter of the 
lens when working with the poliidier 
on top 

In polishing lenses of such long radii, 
it is not necessary to have a curved 
polisher base For a base we can use 
flat plywood disks, heavily shellacked 
Let the thickness of the pitch be ap- 
proximately and, when the pit^ 
is shaped to curve, scratch lines into 
it to form about squares about 
1/16" deep Lines this close and this 
shallow will flow m more quickly than 
a more famihar kind but will give more 
polishing facets They will also facili- 
tate the rouge flow, and keep better 
contact with the lens Do not try to 
cut them m an absolutely even pattern, 
merely scratch them freehand, as they 
flow in 

The — 935M curve on the plate glass 
test plate will be our first polishing 
surface, and here we can take heart in 
the fact that neither side of the test 
plate has to be completely polished out 
It is necessary only that we have a 
fairly good polish on it so that under 
Foucault’s test it will give a reason- 
ably bright reflection Don’t worry 
about pits but, if you feel that a test 
plate surface should be perfectly pol- 
ished, then polish it perfect and accept 
my commendation on your persever- 
ance 

We set up the Foucault test to find 
our radius of curvature and in so doing 
we once more digress from the famil- 
iar method, substituting for the opaque 
kmfe-edge a piece of thin gl^s (micro- 
scope specimen slide^) frosted on one 
side, and for the pinhole a hole 
covered with coarse wire mesh (wm- 
dow screen), arranging these so that 
kmfe-edge and pinhole will move al- 
ways equidistant from the lens These 
are shifted to the pomt where the image 
of the pinhole is sharpest on the ground 
glass With a steel tape, one end h^ 
by our partner (friend wife?), this 
distance is measured from the center 
of the test plate My experience has 
been that any good steel tape wiU 
measure accurately within the tolerance 
to which we are workmg One half 
millimeter is close enough If over or 
under the specification, the test plate 
curve must be brought within die tol- 
erance by polishing. 

DrxacolVs instructions will he contin- 
ued next month hut the specified gtass 
IS temporarily unavailable* war 
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Previews of the Industrial Horizon 


A WARNING ON PLASTICS 

Or£AT as are the uses and possibilities of plastics, it must 
not be forgotten that there is no one plastics that will fit all 
requirements Herein lies a danger to the future of plastics 
In the rush to make use of the valuable properties of plastics, 
there is a possibility that they will be misused, will not be 
properly selected for the purpose in hand When the use 
of plastics IS considered for a new product or as a replace- 
ment for some other material, due consideration must be 
given to the requirements Strength, rigidity, color, tempera- 
ture resistance, dimensional stability, and so on, must be 
considered first and then that plastics selected which most 
nearly meets the specifications To proceed otherwise can 
only result in probable failure and the loss of a market for a 
plastics 


GYPSUM TOMORROW 

^A/HEN the promised post-war building boom becomes a 
reality, one material that is really going to cash in on new 
construction and on renovation is gypsum Where formerly 
gypsum was known only as a standard plaster for use on m- 
terior walls and ceihngs, it now has expanded its usefulness 
to include gypsum lath, fire-proof sheathing, and prefabri- 
cated gypsum wall board that can be weather-proofed and 
will not change dimensions with changes in weather or 
temperatures 

By no means the darkest part of gypsum’s hoi iron is the 
fact that, always low in cost, its cost has hardly changed 
since pre-war days, while lumber and other building mate- 
rials have skvrocketed in price and have become scarce 


MODELS SHOW THE WAY 

Industrial engineers charged with layout piojects foi 
plants of all kinds are showmg increasing interest in the 
use of models that save time, labor, and materials and at 
once permit accurate visualization of plans While these 
models — three-dimensional plant layouts — are of tremendous 
help to engineering study, they have the added advantage 
of showing non- technical persons exactly what the engi- 
neer has in mind Thus the executive staff of an orgamza- 
tion can be kept completely informed regarding a proposed 
plant layout without having to wade through a welter of 
blueprint*, and a ma/e of technicalities 


MULTI-USE GLASS 

^^OLDiNG and welding glass by the use of high-{requeiic\ 
electrical waves point the way toward innumerable new uses 
of this old material, especially in the household This latest 
Corning development holds promise of glass stoves electric 
toasters made with glass, and a whole family of new glass 
cooking utensils Add to these applications the possibility of 
insulating parts of intricate shape and with close dimen- 
sional tolerances and you have a peek at the glass horizon 
where many articles will be made of glass which heretofore 
have been only in the dream stage 

Like so many other developments of recent years this 
new glass technology was born of war demands It is bein^ 
used today to fabricate parts for radar and other communi- 
cations equipment where physical shock may be great and 
where previously known glasses and poicelams would not 
render satisfactory service 

By the new Multiform process glass can be molded with 
accuracies to one thousandth of an inch can be cut to 
complicated patterns and provided with thieids holes of all 
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sizes and shapes, or metal inserts where required, and can 
be welded to form strong joints with itself or with metals 
To the conventional methods of producing glass parts— 
blowing, pressing, and drawing — must now be atided a 
fourth And this fourth method overcomes many of the 
limitations of the other three, bringing glass into an indus- 
trial prominence such as it has never known before 


CANS CAN DO IT 

Duplicate machine parts and instruments packed m sealed 
cans are a distinct possibility post-war Proof of the value 
of can con tamers for such jobs has been furnished by air- 
plane starters, generators, mstiuments, and the like, that 
today are being shipped to hot, humid areas in the Pacific, 
and are arriving m perfect condition It is reported that this 
protection given by steel cans is obtained with a 50 per- 
cent reduction m container cost 


NEW FIELDS FOR RAYON 

Rayon capacity has not increased since the beginmng of 
the war, but the probabilities are that it will burst forth 
with greater vigor than ever just as soon as condition** 
permit Reason behmd this is that the industry was almost 
ready to break into new fields when the war put a stop to 
expansion Thus, there is a new rayon filament that looks 
like a strong competitor for wool in carpets, a high- tenacity 
rayon that will make better hosiery than present rayons 
although not as good as silk or nylon, a short-staple rayon 
tliat IS spun and used alone or mixed with cotton or wool to 
give a fabric with a wool-like feel, and the new high- 
strength rayons, one of which, made by Celanese Corpo- 
ration, IS said to be stronger than nylon but without nylon’s 
elasticity 


ELECTRICITY ON THE FARM 

Less than half of the farms of the United States have elec- 
tricity available True, high-tension lines have brought this 
versatile servant to hundreds of thousands of farms, but the 
market has only been barely touched High-tension lines are 
expensive and cannot be run everywhere 
Here, then, is a place where local generatmg plants, sup- 
plying power co-operatively to a group of farms, can do a 
real job At present approximately 800 such co-operatives 
are generating power diat is used by about one million 
farms, and plans call for at least doubling this capacity in the 
near future. Many of these co-operatives, usmg Diesel •** pow- 
ered generators, are giving farmers uninterrupted electric 
power at lower operating cost than any other method 


FOR FUTURE REFERENCE 

Algin product of seaweed, has vast chemical possibilities 
in such ^versified fields as leather finishing, hand lotions 
boiler compounds, film bases, and custard puddings 
Electric trackless trolleys have shown a 1628 percent in- 
crease in passengers carried since 1934 A new Bendix 
“air posi^^ion indicator” that gives continuous readings of 
latitude and longitude is completely automatic and has vast 
imolications for post-war world -wide air transportation 
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Helping the 
sick 


Ijabcps that kill germs X rays 
to guide the surgeon’s fingers . • . 
operating rooms bathed in glare- 
less hght . . au* conditioning to 
screen out street noises and dust 

Helping the sick get well is only 
one of the contributions of 
General Electric From the re- 
search and engineering m G E ’s 
laboratories come products to 
make your work easier, your home 
brighter, creating new comforts, 
better jobs 

The pictures you see here are 
typical of things accomplished for 
you by G-E research and engi- 
neering General Electric Com- 
pany, Schenectady, N. Y, 






Mirror of D-Ooy ln|vryl How X rays speed X-ray machines at St Albans Naval Hospital, 
treatment of war injuries is shown in this L I , regularly check his progress Through the 
pictureof Seaman Brazinski *8 thigh On D-Day skill of doctors 97 per cent of t he wounded in 
a German mine shattered his boat, blew him this war are saved The modern form of X-ray 
20 feet in air Rescued by an LST, rushed to tube was invented by Dr W D Coolidge, G-E 
England, X rays quickly defined his injury, scientist X-ray units built by the G E X-Ray 
permitted accurate setting Portable G-E Corp are at battlefronts the world over. 



Now lomp IciUf gormt Germ-laden air if Seeing the Invisible The electron micro- Helps treat Infantile Paralysis . . . Doctors 

purified by the new G-E germicidal lamp scope, more powerful than ordinary micro- wanted hot packs to relieve pain and reduce 

It 18 already at work m hospitals, in battle- scopes, gives doctors a new tool to fight muscular spasms, but such steam packs tended 

front operating rooms Tried in a school class- disease Here is the germ, bacillus suhtdis, to burn G-E workers put together a ma- 

a measles epidemic, only one- ma^fied 8,000 times G-E engineers are chine for hospital use that produces heated 

fourth as many children contracted measles, working to make available a portable electron packs that even at 180°F will not bum 

as compared with unprotected classrooms microscope for industry the patient’s skin 

★ 


Hear the G-E radio programs The Q-E AU^girl 
Orchestra, Sunday 10 p m EWT, NBC — World 
Today news, Monday through Friday 6 46 p m 
hWT, CBS— O-E House Party, Monday 
through Friday 4 00 p m EWT, CBS 
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50 Years Ago in . . . 



(Condensed from Issues of April, 1895) 


MICRO-ANALYSIS — “At a recent conference, held under the 
auspices of the French Society for the Encouragement of 
National Industiy, M Osmond described a method for the 
microscopical analysis of steel M Osmond examined four 
types of steel, possessing a known proportion of carbon, 
to discover the manner in which these combinations varied 
As a result of that investigation, M Osmond states that ^e 
thermic treatment of the steel leaves in the structure of the 
metal, when cooled, characteristic indications sufficiently 
precise to form a useful guide m the manufacture of steel, 
and also to enable consumers to determine the quality of 
the metal supplied to them ” 

HELIUM — “Lord Rayleigh, who so recently discovered ‘argon,’ 
a new constituent of the atmosphere, has succeeded m find- 
ing helium m a Norwegian mineral This substance was 
believed to exist only in the sun and in a few stars From 
its associations and the particular region of the sun where 
helium IS found, this gas is looked upon as being one of 
the lightest materials composing that body, possibly almost 
as light as hydrogen” 

CHICAGO “EL" — “There is now in process of construction 
an electric elevated road in Chicago With a track carried 
on an open-hearth steel elevated way, with plate girders 
throughout, built upon land owned in fee simple by its 
projectors, except for street crossings, and operated by the 
most advanced electric system of propulsion, the road will 
occupy a umque position The entire length of the road is 
nearly 18 miles A view of the electnc generatmg plant 



is given in one of our illustrations The immense generators 
are of the multipolar type and are direct driven, the arma- 
tures bemg on the main engine shaft They are of the type 
built by the General Electric Company especially for street 
car work The engines are Allis Corliss, and are com- 
pound mverted vertical, direct acting, standing some 50 
feet high with 25 foot flywheels ” 

ASBESTOS — **The uses of asbestos are almost innumerable 
Ground fine and combined with colors and oils by a secret 
process, it makes a beautiful paint, which is said to go far 
toward fire-proofing the surface to which it is applied 
Various kinds of roofing are also made bv, treating strong 
canvas with a combination of asbestos and felt and backing 


It with Manila paper It is extensively used for roofs of 
factories, railroad shops, bridges, steamboat decks and other 
places where there is danger of fire” 

HUMAN HORSEPOWER — “A French scientist has recently 
made some experiments which show the amount of force 
developed by some of the bicycle experts in a hard race 
Windle and Zimmerman have maintained for two minutes 
a ^eed to continue which required the expenditure of 
energy representmg two-thirds of one horse power For 
SIX seconds they were able to exert the astonishing force 
of one and a fourth horse power” 

AMERICAN MECHANICS — “‘Regarding the comparative skill 
of mechanicians American, French, Biitish, Spanish, 
German it would be impossible for me to mention one 
nation that excels in everything Each nation has its own 
peculiarities and its own specialties I should say that 
the New Englanders are the finest mechanics in the world 
I think any one who has mvestigated the subject will have 
to admit this The tools which are designed and made in 
New England are incomparably ahead of those made m 
any other country There is nothmg in Europe that can at 
all compare, for instance, with the tools made by Brown 
& Sharpe, of Providence, R I , Pratt & Whitney, of Hartford, 
Conn , and the American Tool Company, of Boston ’ — 
Hiram S Maxim ” 

PLATINUM — “The Ural platinum deposits in Russia are the 
only ones in the world, as this metal is worked nowhere 
else, and is known simply as a mineral finely dissemmated 
in certain rocks Platinum occurs in the Ural government 
of Perm, where it is found on various private properties 
and state lands The metal is found in the form of al- 
luvial deposits or platinum -bearing sands ” 

ARMOR PLATE HOLES “The success attained of late m 
hardemng the surface of armor plate has made it necessary 
to devise some especially effective method of boring holes 
in the plate for the bolts which are to hold it in position 
The successful method consisted in placing the two elec- 
trodes of a dynamo cuiTent on the surface of the plate a 
certain distance apart, so that the intervening part of the 
plate completed the circuit The plate is found to offer 
enough resistance to become heated, m the part selected, 
to an annealing temperature ” 

RARE METALS — “A glass case, said to be worth $50,000, was 
one of the attractions at the London Royal Institution re- 
cently The contents were a variety of globules and cast 
bricks of unpretending appearance, used to illustrate Pro- 
fessor Roberts-Austen’s lecture on the rarer metals and 
their alloys A slab of palladium, the largest in the world, 
was valued alone at $35,000 The value of these metals, 
even if they could all be produced commercially on a large 
scale, is still doubtful, although indications of their useful- 
ness are not wanting Chromium, for instance, has made 
d revolution in steel projectiles, while aluminum threatens 
to become a popular craze” 

DYES — “Aniline colors were first made in France, while 
the tar whence they were derived was made in England 
Latter the manufacture of the dyes them^lves was taken 
up m England Germany, however, gradually came to the 
fore, attaining undisputed supremacy in the manufacture 
in 1862 There was immediate and profitable employment 
in Germany, for all chemists who had any knowledge of 
anilines About 1880, however, the supply of coal tar chem- 
ists turned out by the universities exceeded the demand for 
home consumption, and, the home markets becoming glutted, 
they turned toward America for a field ” 

GOLD — “A correspondent of the Mining and Scientific 
Press says the largest piece of gold, free of quartz, in the 
world was taken from the Byer & Haltman gold mimng 
claim, Hill End, New South Wales, Australia, its weight 
being 640 pounds” 

TRANS-SIBERIA — “Two sections of the great Russian rail- 
way across Siberia are now in operation The aggregate 
of the two IS 761 miles” 
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Crystal gateways for your voice 



Four hundred and eighty telephone 
conversations over a coaxial cable 
was one of the last peacetime 
achievements of communication 
research in Bell Telephone Labora- 
toiies In this multi-ihanncl tele- 
phone system, each conversation 
IS transported by its own high- 
frequency carrier current At each 
end of the line are crystal gateways, each opens in response 
to its own particular “carrier” with the message it trans- 
ports In telephone terminology, these gateways are filters. 

The ultra-selective characteristic of these filters is made 
possible by piezo-electric quart/ plates, rut in a special 


manner from the mother crystal, and mounted in vacuum. 
Each set of plates is piecisely adjusted so that the filter 
responds only to the frequency of its assigned channel, 
I ejecting all others In the coaxial terminal equipment, 
vuch crystal gates sort out messages for delivery to their 
four hundred and eighty individual destinations 

In recent years. Bell Telephone Laboratories research 
has provided the Armed Forces with many types of elec- 
trical equipment in which frequency is controlled by quartz 
ciystals Notable is the lank radio set which enables a tank 
crew to communicate over any one of 80 different trans- 
mission frequency channels by simply plugging m the 
appropriate crystal. The future holds rich possibilities for 
the use of quartz crystals in Bell System telephone service. 



BELL TELEPHONE 


LABORATORIES 



Expfonnf! find inventinf; devising and perfecting for our Armed / art es at war and for continued improvements and economies in telephone service. 
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Tools in the World I 


BLOCK SETS: 

Set No 2-»35 blocks, making 80,000 gages 
in steps of OOOK from 300*' to more thon 8 
inches Set No 3 — 36 blocks, making 80,000 
gages In steps of 00005' from ISCT to 
more than 4 250' Set No 4 — 28 blocks, 
making gages in steps of 00005' from 060' 
end in steps of 0001' from 040' to more 
than 375' Set No 10 — 8 blocks mak mg 74 
gages In steps of one inch from 10' to 84' 
Set No 15 — 7 blocks, making 127 gages in 
steps of 03125' from 03125 to 3 96875' 
Set No 76 — 5 blocks, making 31 gages in 
steps of 0625' from 0625' tol 9375' Set 
No 18—9 blocks, 1001' to 1009', inclusive, 
by ten thousandths Set No 19 — 11 blocks, 
10000' to 10010', inclusive, by hundred- 
thousandths Set No ^0 — 9 blocks, 0501' 
to 0509', Inclusive, by ten thousandths Set 
No 21—9 blocks, 0201' to 0209', Inclu 
live, by ten thousandths Set No 22 — 10 
blo^, 010' to 100', inclutive, by hundredths 

ACCESSORIES: 

Jaws, adfustable holders, triangulor stralght- 
edgel, foot blocks, sine bars, center points, 
60^ center points, scribers, and trom points. 

The utohlitmu of your Jehaottoo Gago Blocin 
ft iocrootod mere tkaa 300 per cent by these 
eceerete Accesserfes, wLch pernwt meosure- 
meets of Hoigkf, Length, Depth and Angle 




(at a cost of about 2 ^ mills per tool) 


Tliere la nothing fannfii] about these fig- 
urea . . • they re aa indiAputablo as the 
accuracy of Johansson (rage Blocks them- 
selves With the popular No 1 het of 81 
blocks, as illustrated, any one of 120,000 
different size gages may be made up (in a 
few moments), in slops of 0001% from 
minimum si/e 200'' to more than 12 inches 
On a strict cost basis, it is not only 
thoroughly practical, but highly advisable 
to extend the benefits of Jo-Block preci- 
noii well beyond your master-gage deparl- 
intnl and your tool-room, to iiulude in- 
spection of close-limits production as well. 
Ibis is particularly true of those limited- 


quantity jobs which might be described as 
''custom -production”, for which perma- 
nent gaging could easily cost more than the 
job Itself The cost of replacing any blocks 
that might he thus unduly worn would he 
ncghgihle by comparison. 

Anyone x\ho must measure precisely 
and easily and quickly, can and wM do a 
better job if he has ready access to a set of 
Jo-Blocks Jo-Blocks are not "too good for 
the job” — no Uh/1 is too good for the job, 
if It accomplishes it better and for less 
money. Write for Catalog 16 to hORD 
MOTOR COMPANY, Johansson Divi 
Sion, Dept SA, Dearborn, Michigan. 


•Curnialy mtmvfactvrmd to aeevracy Uandorirfi of ± .000004 and .000008 of on inch. 
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Into The 
AUoy Age 



Af^oni»ingly Slow Was Man*$ Early Developmenl of 
fhe Use of Metals* But During the Last 100 Years^ 
and Especially the Last 50 Years, Alloys Have 
Changed the Whole Picture of Metallurgy. Progress 
has been Breathtaking and Today Points the Way 
/#! the Unfolding of The Alloy Age 




By KKED P. PETEKS 


A lthough many of the fields of scientific and industrial 
endeavor bemg reviewed m Scientific American’s series 
of historical articles did not exist before 1845, this can 
hardly be said of metals and metal -workmg True, by mod- 
em standards the world’s “metallurgical” status 100 years 
ago was still a lowly affair but it represented a dizzying 
eminence m contrast with some of ^e positions on the 
long climb from Tubal Cain (seven generations after Adam 
and evidently the first metal-worker) up to the year this 
magazine was started 

For metals are literally as old as the hills and the stuff 
of many of them The story of metals is mdeed the story of 
mankind Out of them he has made his swords and his 
ploughshares, their progress has profoundly affected his liv- 
ing and his dying, and whether he knows it or not man has 
mastered the metals only to leave them still in control of his 



Earlv blast furnace in Birmingham, Alabama. Ulus* 

I rut ion courtesy of American Iron and Steel liiPtltute 

been breathtaking Of a certamty we have entered The 
Alloy Age and, because of this, life in 2045 will be as dif- 
ferent from today’s as ours is from our great-great-grand- 
fathers’ 


destiny 

Throughout the ages power and prosperity have been the NINE METALS— In 1845 there were but few metals of corn- 

reward of those tribes or nations that possessed important niercial or industrial importance— chiefly iron, copper, lead, 

metals and metal-working knowledge Thus is modern times tin, zinc, gold, silver, and platinum Before observing how 

it IS axiomatic that that nation or group of nationH which they were multiplied into the hundreds of alloys that are 

dominates the world’s iron and steel supply will be mill- the basis of today’s engmeenng, let us chart the milestones 

tarily supreme With a steel production capacity of some 28 along their road of progress before 1845 

million tons, Germany in recent pre-war years topped all Although the transition from the brass age to the iron 

the European nations including England, and the Nazis’ age is generally placed around 1350 b c , iron was anything 
early military success in this war reflected not only this but but unknown prior to then Tubal Cain is purported to have 

the formidable total of 00 million tons of steel-making forged both brass and iron, and wrought-iron blades evi- 

capacity which Germany attamed through conquest, up to dently made about 3000 b c have been found in one of the 

1943 From that time, however, the full weight of America’s pyramids Indeed, for many centuries the Egyptians (and the 

90 million tons of steel has been thrown against her, Ger- Chinese, too) seem to have been advanced in the metal- 

many’s capacity has shrunk to some 40 million tons and the working art, especially in the making of copper, brass, and 

final issue is no longer in doubt bronze implements 

These present-day metal-making capacities are the re- We probably will never know exactly where or when iron 
suit of intensive scientific progress in the last 100 years No became an important metal The three outstanding claimants 

one can say what the next hundred years in metals will un- are (1) Asia Mmor (the Hittites), before 1300 bc, (2) 

fold But one trend is significant For thousands of years, up Austria (Styria and Cannthla), about 7300 bc , and (3) India, 

to about the middle of the last century, man with agonidng about 1370 b c (2000 b c according to some) . 
slowness improved his application of simple metals to his There are early evidences of the potent military influence 

peace-time or war-like needs; smce fiiat time and tope- of iron, too Through the Hittites, iron was introduced into 

cially in the last 50 years he has learned something new— Assyria, the Assyrian armies were the first large forces to 
the production and treatment of alloys— and the iron weapons, and a single arsenal room 

of that evolving technology on our whole civilization nave , in the had raised Assyria to her 

Imperia. A^ouUur*T 

APRIL 1945 • SCIENTIFIC AMEMCAK ^ (VUu, 199 



greatest glory about 700 b c , contained 200 tons of iron im- 
plements Again, some 200 years later, the Etruscan king 
Porsenna defeated Rome and in his peace terms imposed 
one of the first “mineral sanctions” — a ban on the use of 
iron by the Romans except for agricultural purposes 

This wrought iron used m antiquity and up to about 1350 
A D was produced by virtually the same process (a commen- 
tary in itself on progress over an approximately 3000-year 
period) mixmg iron ore with charcoal and burning under 
a natural or forced (bellows) draft This was the Catalan 
forge, and the product was a spongy mass often more than 
99 percent pure (like the astonishingly well-preserved Delhi 
pillar of 310 ad) but usually contaminated with 3 to 5 
percent of slag 

Plmy reports in the 1st Century a d that iron and steel of 
good quality were bemg made The “steel” was produced 
by packmg iron in charcoal and heating so that the carbon 
penetrated the surface of the metal and gave a hard, sprmgy 
material This is the “cementation” process, which persisted 
on a tmy scale into the present century He also records that 
tin was used for coating both copper and iron by the hot dip 
process, and of course gold and silver were established items 
of art and commerce Pliny’s plumbum negrum was im- 
doubtedly lead, for which some use existed at that time 

DAMASCUS BLADES — This was the period in which were 
made the fine steel swords of Damascus and Toledo and 
the “wootz” steel of India, produced by reducing ore with 
charcoal m crucibles, which warriors of the early Chnstian 
era used to advantage By the 11th Century the martial im- 
portance of metals had reached such a point that one of 
the world’s decisive battles — the defeat of Harold of England 
by William the Norman m 1066 a d at Hastings — went to the 
victor because his soldiers carried better armament Other 
things being approximately equal, this has been the case 
ever since and is still the rule 

The “wrought-iron” period may be said to have merged 
mto the “cast-iron” era shortly before 1400 ad The com- 
mercial manufacture of cast iron really began in Germany 
m the early part of the 15th Century, when blast furnaces 
were operated in Siegerland and Westphalia These early 
furnaces were simply Catalan forges with extended stacks, 
into the tops (rather than on the hearth) of which were 
charged ore and charcoal, the latter in such large excess that 
a higher carbon, lower melting mixture than wrought iron 
resulted The resulting cast iron was somewhat brittle but 
could be cast into shapes or used for larger articles than 
could be wrought The basic metallurgy of this cast iron has 
not changed even to the present day, although now we know 
how to control and adjust it to make cast iron that is a first- 
class engineering material for many uses 

Immediately the Germans cast the iron into cannonballs 
In 1510 Bunde, a Frenchman, and van Cullen, a Hollander, 
made for Henry VIII of England mortar shells of cast iron. 
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with iron -screw fuses These same gentlemen some 33 years 
later collaborated with Hogge in constructing cast-iron 
cannon and shells therefor 

The successful production of cast iron led to such a 
demand for charcoal m England, by 1600 a leading iron pro- 
ducer, that timber for making charcoal was approaching 
exhaustion and it was necessary for Queen Elizabeth drasti- 
cally to restrict the production of iron The Swedes under- 
took a planned planting of timber that even up to the pres- 
ent time has permitted them to maintain a steady production 
of high-quality charcoal iron In 1619, Dudley successfully 
smelted iron with pit or sea coal, obtainmg more iron per 
furnace per week than by charcoal smelting and, of course, 
circumventing the timber shortage Although his process 
was opposed by the charcoal ironmasters and he never 
profited from it, he did succeed in stay mg in the iron busi- 
ness with it for some 50 years 

COLONIAL METALS — The beginning of the metal industiies 
in America seems to have been at Lynn, Massachusetts, 
about 1640 Governor Winthrop built a furnace there, which 
by 1644 was making brass castings, and m 1645 made the 
first cast-iron article produced in the Colomes — a one-quart 
iron kettle The Lynn furnace, which was able to smelt 
about eight tons of iron a week, was also the seat of the 
first patent granted in the Colonies — to one Joseph Jenks 
m 1646 for a scythe Jenks, the manager of the furnaces, 
distinguished himself on several fronts in the next 20 years 
He made the first fire-engine, the first dies for coinage, and 
the first drawn wire produced in the Colonies 
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Th« first really good steel m America was made in Con- 
necticut, by Samuel Higley of Simsbury and Joseph Dewey 
of Hebron, about 1728. In Pennsylvania the great iron indus- 
try that we know today had its small beginnings m 1716 
with the Pool Forge Iron Works, three miles above Potts- 
town, and the C^lebrookdale blast furnace, built in 1770 
and also near Pottstown, 

About this tune there occurred one of the fundamentally 
unportant developments m the history of metals— the dis- 
covery that coke could be made from coal and that this coke 
could serve m place of charcoal as a reducer of iron ore. 
The latter mvention is generally attributed to Darby, about 
1713, and the first coke blast furnace was blown in by 
John Wilkinson m England in 1754 

There were two immediate and important results (1) 
England rose to world leadership m iron production, be- 
commg an iron exporting nation instead of an importer and 
(2) a need developed for means of transporting coal to the 
furnaces and it precipitated the beginmng of the railroad 
industry In turn, the railroad industry subsequently became 
the biggest factor in the expanding market for iron and was 
the impelling force behmd many important quality improve- 
ments in steelmaking 

Between 1740 and 1750 there came another outstanding 
advance — the development by Benjamm Huntsman of a 
commercially successful process for making steel by fusion, 
the process involved placing the age-old carburized iron 
(“cementation steel**) bars in a refractory crucible and 
melUng them, giving a metal of homogeneous instead of 
irregular composition More expensive than iron-makmg, 
Huntsman*s crucible steel process gave an exceptionally 
high-grade material and until this century it remained the 
leading method for making the very best steels 

Note that the metallurgy of iron has advanced from 
wrought “charcoal** iron to cast “charcoal** iron to cast 
• “coke’* iron and from cementation steel to crucible steel 
The steel age was dawmng, though not yet here Its advent 
was hastened in the 18th Century by many other develop- 
ments — the invention of puddling in 1766, which improved 
the quality of wrought iron, the invention of the steam 
engine and its application to driving a slab rolling mill m 
1784, and the discovery by the Englishman Mushet in 1798 
that cast steel could be made directly by adding carbon to 
iron 

The iron industry was one of the early causes of friction 


betweeit Englafid and her American Colomes Worried bf 
the competition from American iron in the colonial market, 
the British Parliament m 1750 prohibited the refining of pig 
iron and the construction of rolling mills, hammers, forgea, 
and so on, m America The edict was me^ctively i^orced, 
however — and fortunately so, for the developmg American 
iron industry was a potent factor in the ultimate success of 
the American Revolution. Indeed it was so important as to 
be the basis for one of the earliest draft deferments on record 
— New Jersey*8 act of October 7, 1777, exempting from mih- 
tary service men to be employed at Mt Hope and Hiberma 
Furnaces and reciting the necessity of providing the Army 
and Navy of the United States with cannon, cannon shot, 
and so on 

NONFERROtXS PROGRESS — ^Although even then subordinated 
to iron and steel in production tonnage, the nonferrous 
metals hardly stood still during the 18th Century In 1728 
the French described a reversible rolling mill for making 
lead sheet and for rolling seamless pipe The first Colonial 
copper coinage was made by Joseph Higley in 1737, and in 
1750 John Allan started the brass industry of Waterbury 
Connecticut Paul Revere, a descendant of one of the owners 
of the Lynn furnaces, was famed as a silversmith and copper 
fabricator In 1746, Dr Roebuck of Binningham, England, 
built the first lead chamber for sulfunc acid manufacture, 
the latter used primarily for pickling wire and other metals 

Sir Wm Watson in 1750 first described platmum The 
foUowmg year H F Cronstedt isolated mckel in Sweden 
Another Swede, S Rinman, discovered in 1773 that the 
manganese he had reduced made iron non-magnetic Tung- 
sten metal was isolated m 1783 by two Spamards, J J and 
F de Elhujar Metallic molybdenum was successfully pre- 
pared in 1790 by still another Swede, Hjelm The Alloy Age, 
still undreamed of, was having its foundations set 

Powder metallurgy, the wonder-boy of modern metal- 
working, probably had its beginmngs in 1786 when Rochon 
made malleable platinum from powdered platinum Later 
(1805) Tilloch produced a forgeable platinum bar by packmg 
platinum powder inside platinum tubes and heating It was 
not until 1829 that Wollaston, commonly called the father 
of powder metallurgy, published his important work on 
platinum powder 

Simultaneously with all this and obviously resulting from 
it had been much general engineering progress Europe’s 
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Rolling ropper, about 1880 


hrst cast-iron bridge had been built in England by Abraham 
Darby The American i evolutionists* forged iron chain 
stretched across the Hudson River at West Point had served 
Its purpose in keeping British vessels below that place John 
Fitch’s steamboat in 1787 was followed by Robert Fulton’s In 
1807 Iron ships were made by a few builders, and in Eng- 
land appeared the first stirrings of what was to be Manches- 
ter s vigorous machine-tool industry from 1815 on 

From 1800 until 1845, almost breathlessly as though time 
were short, there were evolved the major remaining devel- 
opments on which rested the transition from the metal age 
to the alloy age (or, if you wish, from the iron age to the 
steel age, for steel is an alloy of iron and carbon) In 1802 
the brass button industry in America was started by Able 
and Levi Porter in Waterbury, using the method of directly 
melting copper and zinc invented by Emerson in England in 
1781 In 1808 Davy attempted to isolate magnesium By 1810 
acid copper electroplating was in use In 1811 steel was first 
made in Pennsylvama, by Morris Truman at Brownsville, 
and sold for $240 a ton In 1812 John Stevens designed ship 
armor and for years continued to develop the armored ship 
idea with fanatical zeal 

IRON ALLOYS — Hassenfratz in 1814 studied iron alloyed with 
cobalt, titanium, tungsten, and chromium, in 1816 (O, un- 
happy day’) the Krupp works at Essen began the manu- 
facture of steel by the crucible process In 1820 Faraday 
and Stodart published a paper which may be considered 
the basis of much subsequent alloy development, for it 
described a method of etching metals to show their grain 
structure 

Israel Holmes in 1822 and 1831 performed the remarkable 
non-techmcal feats of purchasing in England brass-rolling 
machmery not supposed to be sold to Americans and then 
smuggling into this country several British workmen to 
operate his expanding plant By 1836 rolled brass clocks 
had created a heavy demand for sheet brass, ‘‘nickel silver” 
rolling had been introduced, and the “battery” process of 
fabneatmg brass was started 

In 1826 Seth Boyden started making “malleable” cast iron 
in Newark, New Jersey The first passenger railroad char- 
ter m this country was granted to the Baltimore and Ohio, 
by 1830 there were still only 23 miles of steam railroad in 
this country In 1832 Baldwin Locomotive Works built 
its first locomotive, “Old Ironsides,” largely out of wrought 
iron 

About this time there appeared another important mile- 
stone in the march of steel — the invention 'of the hot blast 


loi blast furnaces by J B Nielson of Glasgow in 1828 The 
hot blast reduced the coke requirements and substantially ^ 
increased the output of blast furnaces to which it was ap- 
plied The first practical use of the hot blast in America 
was made at Oxford Furnace, New Jersey, in 1834 

The Dane, Oersted, prepared some aluminum in 1825 and 
in 1827 It was produced as a fine powder by Wuhler Pure 
magnesium was obtained by Bussy in 1830, the same year 
in which Osann described one of the earliest uses of powdei 
metallurgy — the pressing of copper, silver, and lead medals 
from their powders The British platinum industry was 
started, on a powder basis, by Johnson and Cock, and re- 
mained a powder-metallurgy industry until Deville applied 
the oxy-hydrogen torch to the melting of platinum in 1859 

Zinc production, 'now a great American industry, may 
be said to have been conceived in 1835 when the Bureau of 
Standards, seeking a highly accurate set of brass standards 
for weights and measures, commissioned F R Hassler to 
produce zinc and brass of the required purity, which he did 
by setting up a small zinc distillation plant at the Arsenal 
m Washington 

In 1842 Serrell operated a continuous mill for rolling 
lead, copper, and iron pipe and on it was rolled the copper 
wire employed by Morse for his first telegraph line, from 
Washington to Baltimore, in 1844 In 1843 R Boettger had 
described mckel electrojilating and the English process of 
making seamless brass tubing had been invented and was 
bemg introduced in America In 1844 was made one of the 
most important geological discoveries of modern times— the 
finding of iron ore in the Lake Superior region by Wm 
A Burt, a surveyor, whose compass was being annoyingly 
diverted by the deposit From that day to this a total of 
more than two billion tons of high-grade iron ore have 
been extracted from that region to make our iron and steel 

a 

FROM 1845 — One hundred years ago today, then, where did 
America stand, metal-wise? Compared to our primitive 
ancestors we were expert m the manufacture of wrought 
iron and cast iron on a comparatively gigantic scale (about 
400,000 tons of pig iron per year in America — ^but compare 
that with today’s 62 million tons), and of steel on a much 
smaller, specialty-product scale (less than 10,000 tons) 
There were about 4000 miles of railroad rails in use, mostly 
wrought iron or cast iron 

A few nonferrous metals — copper, zipc, tin, lead, silver, 
gold, and platinum were commercially important Many 
other nonferrous metals were known and under close study, 
but as vet only promising — aluminum, magnesium, nickel, 
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chromium, cobalt, tungsten, titanium, molybdenum, man- 
ganese, and others We had no alloy steels or irons; indeed 
the only “alloys” of real importance were brass and steel, 
with the former more widely used But the stage was set* 

Approximately in the order of their appearance, the ac- 
tors who have dominated the unfolding drama of the alloy 
age in these last hundred years are William Kelly, Sir Henry 
Bessemer, Robert Mushet, H St Claire Deville, IJobert 
Bunsen, Sir Wm Siemens, John Fritz, Henry Sorby, E and 
P Martin, Robert Hadheld, Paul Heroult, Charles Martin 
Hall, Capt. Wm Jones, Henry Marion Howe, Albert Sauvcur, 
Strauss and Maurer, Sir Harry Brearley, Elwood Haynes, 
Alfred Wilm, Albert Marsh, E F Northrup, P D Merica, 
E C Bam, and £ S Davenport 

The first of these — William Kelly m America and Sir 
Henry Bessemer In England — wefe mdependently responsi- 
ble for the invention of the so-called Bessemer converter 
and process for making steel, whereby molten pig iron is 
“blown” with air to burn out the carbon and give a rela- 
tively pure, low-carbon material Kelly, in 1846, discovered 
that blowing air through liquid high-carbon iron refined it 
In 1854 Bessemer, seeking an improved gun material, made 
the same observation Then converters were the first 
mass-production steel-making units devised and were with- 
out question the beginnmg of the steel age that we know 
today 

Their vicissitudes in establishing their strikingly similar 
processes, both here and in Europe, represent a fascinat- 
ing story all alone Suffice it to say here that the technical 
problem of overcoming the brittleness of early Bessemei 
steel and making it harder was solved by Robert Mushet, 
m 1856, through the addition to the melt after the blow of 
spiegeleisen (high-carbon ferro-manganesc) Because of 
these inventions, the 12,000 tons of Amciican steel of 1860 
became over 50,000 tons by 1870 and IV4 million tons by 
1880- -largely Bessemei^ steel in the lattei two cases — and 
the United States pulled alongside Great Britain to chal- 
lenge the latter’s supremacy in iron and steel production 

In 1857 Kelly patented his converter m the United States 
and installed his eighth converter at the Cambria works in 
Johnstown, Pennsylvania At this same works and in this 
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Charging an iron furnace in the 1870^8 


yeai John Fritz, then the company’s chief engineer and 
manager (and later to become president of Bethlehem Steel 
Company), invented the thiee-high rolling mill, an innova- 
tion that markedly increased the productivity of our steel 
mills in subsequent years 

Also in 1857 Bessemer patented what is now known as 
‘continuous casting” or direct rolling — the pouring of molten 
metal between water-cooled rolls and withdrawing solid, 
rolled plate from them The process has been intensively 
developed within the last 15 years and is now used in the 
light metal and copper alloy field 

The nonferrous metals, too, were hammering hard at 
the gates of progress In 1848 the Frenchman Junot patented 
(hromium plating, and the New Jersey Zinc Company was 
stalled, primarily to make pure zinc for the Bureau of 
Standaids’ weights and measures Hayden of the Scovills 
in Connecticut developed the spinning process By 1850 
dentists were using powdered nonferrous metals, chiefly 
silvoi and tin powders mixed with mercury, and a work- 
able gold sponge made from powders 

$545 TO 14 CENTS — Aluminum took a great stride forwaid 
in 1855 when H St Cl Deville exhibited the metal at the 
Pans exposition and Napoleon started its commercial pro- 
duction In 1852 aluminum cost $545 a pound, by 1856 De- 
ville had brought the price down to $34, and by 1859 (in 
which year the world production was about two tons) to 
$17 The price today is 14 cents a pound and American 
production is m the neighborhood of one million tons a year 

The step that led to the development of what is now the 
world’s greatest metallurgical production unit — the open- 
hearth furnace for making steel occurred in 1856 wjhen Sir 
William Siemens patented in England the regenerative 
heating principle as applied to furnaces In 1864 two French 
brothers, E and P Martin, with Siemens’s help, succeeded 
m producing steel in a regeneratively -heated open-hearth 
furnace, which is the reason that most of Europe today 
calls open hearth steel-making the Siemens-Martin process 

The first open-hearth steel furnace in Ameuca was in- 
stalled by F J Slade at Cooper Hewitt’s Trenton works 
in 1868 In 1870 the annual production of American open- 
hearth steel was about 1300 tons— approximately 1^ percent 
of our total steel production of 69 thousand tons Today, 
open-hearth steel represents 88 percent of a total steel ingot 
production of some 90 million tons 

A steel Item of commercial importance in 1857 was crino- 
Ime wire, which was tempered continuously and of which 
"Some 1500 tons were made in that year In 1858 the first 
transatlantic cable was laid, using 22-gage charcoal iron 
wire In the same year the brass manufacturers adopted 
what IS now the American Standard or B and S wire gage 

Joseph Wharton began making zinc at Bethlehem (the 
Lehigh Zinc Company) and in 1860 American zme produc- 
tion amounted to 800 tons, today it is nearly a million tons 
and of incomparably higher quality In 1864 Joseph Whar- 
ton also began the manufacture of nickel at Camden, New 
Jersey 

A significant (though at the time unappreciated) develop- 
ment of 1863 was Henry Sorby’s use of the microscope for 


APRIL 1945 


SCIENTIFIC AMERICAN 


203 


studying the structure of metals The application of this 
tool and the science of metallography based upon it have 
been primary factors m our modern understandmg of the 
nature and behavior of alloys and in our development of 
new alloys Sorby was the first of a procession of dis- 
tinguished metallographers that included Tschemoff in Rus- 
sia» Roberts-Austen in England, Henry Marion Howe in 
America, Osmond m France, Brinell in Sweden, Stead in 
England, Rosenhain in Australia, and Sauveur in America — 
all long since passed away — in addition to a few living men 
whose actual contributions cannot' yet be dispassionately 
appraised 

Magnesium had its commercial conception in 1869, when 
the German chemist, Robert Bunsen, produced it bv elec- 
trolyzing a fused bath of anhydrous magnesium chloride 
m a porcelam crucible The only use for the metal at this 
time was for photoflash powder and pyrotechnics generally 
Gwynn m 1870 gave powder metallurgy a push forward 
by pressing tin powder with oil to form journal linings — 
probably the first self-lubricating bearing 

Engineering developments of this period that stemmed 
from progress in metals included the development of the 
motor-generator by the Siemens brothers, the growth of the 
American railroad industry and completion of the first 
transcontinental line, the demonstration by the Prussians 
that chilled cast iron had remarkable resistance as armor 
plate, the founding of the American Institute of Mining 
Engineers, the erection at the Cramp yards of the first 
iron ships for transatlantic passage, and the replacement 
of iron by steel in Pennsylvania Railroad axles and in 
horseshoes 

By 1870 American pig-iron production had skyrocketed 
from 820,000 tons (in 1860) to 1,865,000 tons, with a third of 
the product going into iron rails Bessemer steel rails were 
making impressive inroads however, and in 1872 the iron 
rail reached its installation peak (about 800,000 tons), de- 
clining thereafter to the vamshmg point early in this cen- 
tury Steel (mostly Bessemer) passed iron as a rail mate- 
rial in 1876, the quality and availability of Bessemer steel 
rails being a leading factor in the astonishing growth of our 
railroad system in this period 

COMMERCIAL INVASION— In 1875 American iron and steel 
products invaded the British market From then until 1889 
America and England weie neck-and-neck in the race for 
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iron and steel supremacy The pattern of the 20th Cen- 
tury, with America the world’s greatest industrial and (if 
necessary) military and naval power, was beginning to take 
shape 

The steps in this race were closely spaced In 1873 Car- 
negie, McCandless and Company, later the Eklgar Thomson 
btecl Works and the nucleus of today’s United States Steel 
Corporation, was formed Carnegie hired Capt William 
Jones as his manager, and Jones is now recognized as hav- 
ing been one of the gieatest production managers of all 
time, developing as he did the hot» metal mixer and intro- 
ducing numerous technical and labor-relations innovations 
that brought the output of a typical blast furnace from 
about 525 tons a week in 1873 to more than 1500 tons at the 
time of his death in 1889 Typical evidence of his produc- 
tion genius was the fact that in 1876, thiee years after its 
inception, his plant was producing more steel rails than the 
entire industry made in 1870 

In 1877 S G Thomas and P C Gikhrist in England 
developed the basic refractoiy lining for steel furnaces, thus 
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permitting the refining of pig -iron containing high amounts 
of sulfur and phosphorus and vastly extending the utility 
of the steelmaking process The year 1879 saw fast de- 
velopment of basic practice, especially in Germany The 
Germans set up a high protective tariff and began the 
intensive development of their iron and steel production 
that brought them to tlie world’s Number 2 position in this 
respect before the present war 

At about this time the telephone was being readied for 
practical use, Edison was introducing his incandescent lamp, 
and Otto his four-cycle gasoline engine New Caledonia 
was now the Number 1 nickel producer St Mary’s Ship 
Canal, chiefly by viitue of its non ore traffic, was fast 
becoming one of the most important waterways in the world 
and by 1885 had surpassed the Suez Canal in annual ton- 
nage passed 

In 1878, Sir William Siemens made the first electric melt- 
ing furnace and in 1882 successfully melted 20 pounds of 
steel in an electric unit This was a major step toward 
the development of the alloy steel industry, which sub- 
sequently depended heavily on the electric furnace for 
production Another step was the invention by Robert Had- 
field in England of “manganese” steel Although important 
Hadfield’s steel was not the first high-alloy steel, for the 
latter honor undoubtedly belongs to Mushet’s tool steel, 
developed in 1857 and containing 7 to 12 percent tungsten 
with carbon and manganese 

In 1886 Paul Heroult patented his electric melting fur- 
nace and put that development on a commercially prac- 
tical plane There was much metallographic research ac- 
tivity, and in 1888 Henry Marion Howe described the es- 
sential constituents of steel and christened them pearlite 
ferrite, and cementite Krupp’s at Essen had become the 
world’s largest steel plant but America was the greatest 
iron- and steel -producing nation, to the tune of nine mil- 
lion tons of pig iron a year 

ALUMINUM STEPS OUT — The light metals, now major mate- 
rials and very much in the public eve, enjoyed the most 
important of their early commercial developments just be- 
fore 1890 In 1886 Charles Martin Hall, a 22-vear-old stu- 
dent at Oberlin College, Ohio, succeeded in producing alumi- 
num by dissolving alumina in molten cryolite and elec- 
trolyzing the bath 'This process, on which was built the 
aluminum industry of today, was independently discovered 
in France in the same year by Heroult, in one of those 
astonishing coincidences of which the history of science is 
so full In 1888 Hall became one of the founders of the 
Pittsburgh Reduction Company, forerunner of today’s Alumi- 
num Company of America 

Also in 1886, the Germans started producing magnesium 
at the Wintershall-A G in Hemelingen, using a modification 
of Bunsen’s process mentioned earlier Ten years later the 
Elektron works at Bitterfeld, Germany, employing a proc- 
ess similar to that used at Hemelingen, began large-scale 
production of magnesium and Germany remained easily 


the world’s largest magnesium producer until 1942 when 
this country not only surpassed Germany in that respect 
but actually dwarfed the German output™ with about 75,- 
000 tons of magnesium to the German’s 25,000 

The tinplate mdustry came of commercial age around 
1890, with the passage of the McKinley tariff Bethlehem 
Steel Company made armor plate for the United States 
Navy and the first pieces of “Harveyized” (face-hardened) 
armor plate were proof tested. Mond patented carbonyl 
nickel in 1891, starting the nickel industry on its road to 
gieatness In 1894 E L Frisbie imported into America 
the method and machines for making seamless tubing by 
the Mannesman process and two years later the brass in- 
dustry earnestly tackled the problem of making extrusions— 
a problem that took years to solve completely but whose 
solution early in the 20th Century was one of the most 
important developments in copper and brass technology 

Dr Langley’s aerodrome flew in 1896 and seven years 
later the Wright brothers’ flight near Kitty Hawk, in a 
plane with an engine weighing 21 pounds per horsepower, 
completed the stage-setting for an industry that was some 
40 y cal's later to be America’s greatest and the chief market 
for over a million tons of the new light metals And because 
of the light metals and strong steels used in their construc- 
tion today’s aviation engines weigh only one pound per 
horsepower 

The last years of the 19th Century were years of merger 
and expansion The leading wire producers affiliated to 
form the American Steel and Wire Company, while Carnegie 
and his associates developed a vast system of from-ore-to- 
finished-product steelmaking This trend carried into the 
new century, and in 1901 the billion-dollar United States 
Steel Corporation was formed American pig iron produc- 
tion shot up two million tons in each of the next two years 

TOOL STEELS — Outstanding developments of these years 
were the discovery by Frederick Taylor and Maunsel White 
(of Bethlehem Steel Company) of high-speed tool steels con- 
taining tungsten, chromium, carbon, and manganese, and 
of heat treatments for them that permitted cutting metals 
at speeds that heated the tool red hot These steels and their 
use were demonstrated at the Paris Exposition m 1900, and 
literally revolutionized the art of cutting metals from that 
time on 

By 1900 there were 250,000 miles of rails in America, of 
which over 90 percent were steel New steel rails were 99 
percent the Bessemer product, despite the fact that a third of 
our total steel production was now made in the open-hearth 
But traffic was so heavy on the rails and wear so serious 
that about this time the railroad mdustry urgently besought 
the steel industry for better rails The result was an aston- 
ishing jump in open-hearth rail production from 1333 tons 
m 1900 to 1,751,360 tons in 1910 and a drop in Bessemer 
rails from 2,380,000 to 1,884,000 

Thus began the real rise of open-heaith steel in America 
From this point on open-hearth steel developed its own 
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markets, rising in 40 ycais to a peak production of over 
70 million tons while Bessemei steel climbed slowly to five 
million tons in the same period 

In the nonferrous field 1902 found leadership m nickel 
production going to Canada, a position she has since main- 
tained In 1904 Just and Hannaman patented tungsten 
filaments, made from the powdered metal and a binder 
Coolidge in 1909 obtained his patent on thoriated tungsten, 
which became the basis for the electric lamp industry and 
hfer of the electronic tube 

the brass industry in 1908 began investigation of hot 
pressing and by 1914 had succeeded in developing this 
technique to one of major importance Notable changes 
were occurring in the precious metal field, too Up to this 
time jewelry metals had been chiefly gold and silver with 
copper and zinc added Now platinum came in for both 
jewelry and dentistry and by 1915 platinum and its cousins 
palladium and indium had become the royalty of the 
jewelry field 

Electric steel melting continued to increase in importance 
The first Heroult electric furnace in an American steel plant 
was installed at the Halcomb Steel Company in 1906 By 
1909 there were 105 electric furnaces in the world, 10 of 
them in the United States, and in 1915 American electric 
furnace steel capacity was nearly half a million tons a 
year From that time on the United States’ electric furnace 
steel capacity remained the world’g largest 

HEATING ELEMENTS — A 1906 development of indirect but 
profound importance in the development of modern metal- 
lurgy was the invention by A L Marsh of the 80-nickel 
20-chromium alloys possessing superlative heat resistance 
and high electrical resistivity Originally applied as a heat- 
ing element material. Marsh alloy was modified by himself 
and others to be the basis for wrought and cast heat-resist- 
ing materials that found immediate and growmg applications 
for pots, burners, muffles, conveyors, and other parts of heat- 
treating furnaces The existence of these alloy castings 
has made possible the modern mechanized, close-control 
heat-treating furnace without which American steels would 
not have the properties they do today and without which 
indeed, full utilization of the National Emergency steel 
program would have been impossible 

About 1912 activity started in at least three countries 
that led to the development of the materials that we know 
today as stainless steels In Germany Strauss and Maurer 
developed and patented high nickel -chromium steels on 
whose mechanical properties, corrosion resistance and 


metallography they reported m detail in 1914 Almost 
simultaneously Sir Hariy Brearley in England, while study- 
ing gun steels, discovered the remarkable corrosion resist- 
ance of the plain chromium steels of the type now used 
for cutlery and related uses 

In America Elwood Haynes had experimented with the 
cobalt-chromium and cobalt-chromium-tungsten alloys that 
we now know as Stellite and he patented these in 1913 
This work led him to study the properties of the straight 
iron-chromium alloys and he must share with Harry Brear- 
ley some of the credit for independently discovering the 
corrosion resistance of the iron-chromium alloys 

The first strong aluminum alloy, progenitor of several 
which now form the sinews of the world’s war planes, was 
invented by the German Wilm It was an alloy of alumi- 
num, copper, and manganese, which he called Dural or 
Duralumin and which we know in this country as 17 S 
The high strength of the alloy, hitherto unknown in such 
light materials, was obtained by heat treatment but the 
further development of this idea in the light metal field 
had to wait until 1922 when Merica, Waltenberg, and Scott 
published their paper explaining why Wilm’s alloy could be 
heat treated and promulgating the metallurgical doctrine 
on which was based the development soon thereafter of 
many other heat- treatable nonferrous alloys 

HUNDREDS OF IMFROVEMENTS-^Since World War I, prog- 
ress in alloys and in metal processing has come not as a few 
fundamental and long steps forward, but as hundreds of 
commercially important small improvements covering the 
whole field of metallurgy Thus, the World War I years saw 
the steel industry just about double its capacity Magnesium 
was first produced in America in 1915, TTie Dow Companv 
starting its operations a year later By 1918 there were five 
manufacturers of magnesium, of whom only two survived 
the post-war period 

In 1923 the American Rolling Mill Company installed the 
first continuous sheet mill in this country and by 1926 sev- 
eral companies were using continuous rolling for the pro- 
duction of hot and cold rolled strip steel The development 
of these mills unquestionably was an important factor in 
the subsequent expansion of the automobile industry, the 
steels provided a low-cost, workable, strong auto body 
material on a mass-production scale and filled perfectly one 
of the greatest needs of the automobile manufacturers up 
to that time The cold rolling process also drastically im- 
proved the quality and uniformity of tinplate making pos- 
sible much better tin cans at lower cost than before 
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In 1922 and 1923 the behavior of molten magnesium was 
systematically studied Sulfur and boric acid were shown to 
inhibit the oxidation of the liquid metal and this permitted 
casting magnesium m green sand molds By 1925 Dow had 
developed its fluid flux, all these advances constituting as a 
group the basis of the magnesium casting industry as known 
today 

In 1924 Colin G Fink developed successful commercial 
chromium plating and opened up an entirely new field of 
materials engineering The automobile industry quickly 
adapted bright chromium to its styling needs and American 
automobiles became famous for their “luster” 

In 1927 the Krupp laboratories devised the method of 
bonding tungsten carbide powder with cobalt to make ex- 
tremely hard tools and dies Cemented carbides were rapidly 
adopted in this country and in England and have been re- 
sponsible for two revolutionary changes The first was an 
increase in the speed of machimng most metals (recently 
including steel), and the second was the introduction ot 
tungsten carbide dies for wire di awing, replacing tool steel 
dies for larger sizes and cutting into the diamonds for some 
of the smaller sizes 

The science of steel tieatment was pushed ahead signifi- 
cantly in 1930 when E S Davenport and E C Bam pub- 
lished their research on the constant-temperature transfor- 
mation of steel as distinct from the conventional quench and 
temper process This has lead to an entirely new approach to 
heat-treating problems and to the development of new 
treatments that have immeasurably advanced this important 
art 

In the early 1920’s less than 20,000 tons of high-grade 
zinc were used for die castings Today zinc die castings are 
employed to the extent of about 100,000 tons Aluminum 
and magnesium die castings are growing in importance too — 
both of them leaders in a parade toward precision fabrication 
of metal parts, either by casting or by solid-working 
methods 

HIGHER PRECISION — Indeed the outstanding characteristics 
of the present period, with respect to metals and alloys, are 
this tendency toward greater precision of metal products, the 
development of metals of ever higher purity, the formulation 
of alloys of continually better properties, the application of 
modern knowledge of the microstructui e of metals to their 
practical processing and fabrication Some of the most recent 
of these specific advances were described in Scientific Ameri- 
can for January Many others are still under wraps until the 
defeat of our enemies 

Of them all the most important is unquestionably the 





Charles Martin Hall, aided by his sister, discovered 
an inexpensive process for making aluminum in 
1886. From a dramatized movie version of this highly 
important discovery, ^^Unfinished Rainbows,’^ pre- 
sented by the Aluminum Company of America 

emeigence of the senes of metals that is based on the spe- 
cialized properties of myriad alloys Where once there was 
non we now have not just “steel,” but steels galore To 
coppei and brass have been added countless brasses and 
bronzes containing- m addition to copper and zme or tin- 
dluminum, silicon, beryllium, manganese nickel, lead 
chromium, and others Zinc, lead, tin, nickel, aluminum, and 
manganese have themselves graduated from the simple 
“metal” class to become the parents of numberless alloy 
senes based upon each of them 
These trends the salvation and power of Ameiica at war 
will be the basis for the industrial activity and general well- 
being of America at peace For the lessons of history should 
teach us not only that we must, for strategic reasons, main- 
tain the growth of our metal industries between as well as 
during wars, but also that developments in the creation 
fabucation, and use of alloys snowball m number and im- 
portance in our peace-time life with each passing year 
Metallurgically, America’s future is bright indeed 
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Engineering Thinking 


Automotive Engineers Shun Discussion of Post-Wdf Automobiles, But Point 
Significantly to Such Developments As Redesign for Lightness, Multiple 
Power Plonts, Air Conditioning, Power Steering, and the Increase in the 
Life of Cars In the Meantime, They Work Day and Night on War Orders 


U NDERLYING all Other reasons why 
the automotive mdustry has been 
superlatively successful in manufac- 
turmg weapons of war is the long tra- 
dition of yearly automobile model 
changes A recent survey of engmeer- 
mg thinking m the Detroit area dis- 
closed no apprehension that secret 
projects underway at hell-bent speed 
would fail of achievement, and no 
doubts were expressed that production 
‘‘impossibilities” would be overcome 
m the automotive industry‘s usual 
stride After a senes of conferences 
with dubious Government spokesmen 
in Washington, few of whom even 
understood the mtricacies of mass pro- 
duction or the weapons under discus- 
sion, the Detroit peregrination was re- 
freshing 

Ingenuity f the linguistic root of our 
word engineer, is one of the symbols 
of the American way of life Stem- 
ming from the desperation of our im- 
migrant forefathers and fostered by 
their fights for bare existence on the 
frontiers of new territories, mgenuity 
has developed to a degree that amazes 
Europeans and even occasionally gives 
pause to American engineers them- 
selves This is the background to the 
arsenals of democracy, as well as the 


background of the post-war automo- 
tive engmeermg to come 

In scores of off-the-record inter- 
views, engineers shied away from dis- 
cussion of the post-war automobile 
Their mtense interest in licking the 
task at hand in the shortest possible 
time was assurance enough, for this 
writer at least, that the motorist may 
look forward to improvements beyond 
the average expectation of things to 
be 

Unfortunately, those mterested in 
specific engineering developments must 
wait until after the war for detailed 
disclosures The extreme censorship 
view taken by some of our military 
leaders is that even hints might aid 
and abet the Axis scientists and engi- 
neers working for our defeat But 
some of the work already disclosed 
may serve as a guide to thinking of the 
future, even if it does not form a 
precise mosaic There is no borderline 
between automotive and armament 


thmking today Peace-time develop- 
ments made mobile weapons a fact, 
and military engmeermg developments, 
being made jointly in many cases by 
Army, Navy, and civilian engineers, 
will have an important function in 
post-war automotive advances 

MULTIPLE ENGINES — As an example, 
the multiple engme idea is seen today 
as an important post-war possibility 
for trucks and buses Several engi- 
neers presented this idea at the recent 
War Engineering-Annual Meeting of 
the Society of Automotive Engineers 
m Detroit One pointed out that two 
engines of 150 horsepower each, prop- 
erly installed, would outperform the 
average 175 horsepower motor-coach 
engine in every respect Only one 
engme would be used by the driver 
when but one was needed, and the 
other would be held in reserve for 
highballing Another engineer at the 
same meeting showed that as high as 50 
percent savings m power-plant costs 
could be achieved, cited substantial 
weight savings, and pointed out that 
engine failures on the highway could be 
almost completely eliminated 
Light-metal advocates were given 
food for serious thought when another 
engineer told a large meeting that 
steel parts had frequently replaced 
aluminxim and magnesium umts at a 
saving of weight and cost and had 
proved to be of greater strength Case 
after case was cited, together with 
design details and manufacturing cost 
figures, to show that a great deal was 
yet to be learned about the proper 
selection of materials Thus the ex- 
tensive participation of non-aircraft 
manufacturers m the nation's huge air- 
plane program again proved that, like 
lightning, one can never tell where a 
good engineering idea will strike next 
This thinkmg follows ffiat which 
fostered the Navy’s current project of 
using welded rolled steel plates, rails, 
and steel forgings to build up a huge 
Diesel-engine crankcase to reduce 
weight, increase the speed of manufac- 
ture, eliminate rejections entirely, and 
to simplify maintenance immeasurably 
A few years ago steel castings consti- 
tuted the only known method of manu- 
facturing units of this character, but 
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the engineering thinking of a small 
and aggressive steel mill broke a seri- 
ous bottleneck for the Navy Already, 
welded steel plate structures are com- 
peting with castings for many pur- 
poses 

POWER STEERING — ^Automotive engi- 
neers expect to lean heavily upon the 
experience of military equipment m 
future development of power steering 
for trucks, buses, and the larger pas- 
senger cars, 3 ust as the Army and 
Navy engineers adopted vacuum, hy- 
draulic, and compressed air power 
boosters from other applications in 
American mdustry Here agam the line 
of demarcation between weapon and 
peace product engineenng is faint and 
at times mvisible 

Immediate demands for improved 
power devices brought about a co- 
ordinated workout of the best brains 
of the military engineering staffs and 
prime and subcontractors Engmeer- 
ing thinkmg from coast to coast was 
activated on this project Again, con- 
tributions were made by umversity 
faculty members versed in the theory 
of hydraulics, by automatic tool de- 
signers, pump and compressor engi- 
neers, and the nation’s leading con- 
sultants in this type of work This 
mass of technical information will be 
available after the war to everyone 
mterested 

Less specific, apparently, is the pos- 
sible application of some phases of 
supercharged aircraft cabm engmeer- 
ing to the passenger car of the future 
High altitude flymg has intensified re- 
search and development m this field, 
and a number of aeronautic engmeers 
have sketched schematic layouts for 
air-conditioned automobiles for this 
writer on paper napkins at lunchtime 
There will be rich technical fare for 
engineers interested in this idea to im- 
prove refrigeration eqmpment in food 
and product trucks, and increasing 
passenger comfort m buses and auto- 
mobiles 

More specific will be the many ap- 
plications of advanced manufacturing 
techniques stimulated by the demands 
of war production As production re- 
quirements expanded at a rate ap- 
proaching an explosion, armament 
orders poured mto automobile, truck, 
and component part factories, as well 
as into factories of every pther Ameri- 
can industry It was this transition 
from military arsenals to American 
factories everywhere that brought to 
arms production the best practice de- 
velop^ by a hi^y competitive econ- 
omy, and added something new in re- 
desi^ of weapons for mass production, 


Porodoxicol at if may 
seam, steel wos 
substituted for moe- 
nesium in this 
bomber nose frome 
¥ to sove weight The 
J I new welded ond pressed 

m steel frome is at 

m the left ond the obsoleted 
r cost magnesium frome 

the nght 

Courtesy A O smith Corporetlon 

m metallurgical improvements, and 
unheard-of speed of production 

CARS LAST LONGER— Thus production 
experience of the past was correlated, 
and the demand for great speed m out- 
put focused the attention of production 
engineers in every comer of industry 
on every possible improvement in pro- 
duction techniques This is the back- 
ground m considermg the statement 
made at the recent SAE meeting by 
an automobile engmeer that the de- 
mand for 6,000,000 automobiles m the 
immediate post-war period will be met 
readily But a challenge to continued 
output at that level was expressed in 
a study that revealed prolonged 
ownership of automobiles had proved 
successful in the present war period 
Surveys indicated that the pre-war 
cars had stood up under the longer- 
than-usual ownership, and that the 
pre-war frequency of trade-ins may be 
reduced in view of this experience 
It was pomted out that average age 
of passenger cars m service today is 
about eight years 
This enforced prolongation of pas- 
senger-car use also has disclosed that 
such things as obstinate door locks, 
malfunctioning wmdow regulators, ig- 
nition troubles, and failure of steering 
equipment to maintain alinement — to 
mention a few faults— will have to be 
overcome if long-time use of cars be- 
comes estabhshcKi practice Some engi- 


neers believe that frequent trade-ins 
will again be the rule as soon as the 
immediate demand for new automo- 
biles had been satisfied, but most agree 
that this sort of guessing approaches 
clairvoyancy, a subject not taught in 
engineering schools or practiced in 
engineermg departments 
Earlier this year when Government 
officials annoimced that arms output 
for 1945 must be larger than the 1944 
totals, engineers m the Detroit area 
were unimpressed by doubters What 
has them going on a night-and-day 
basis is some of the new requirements 
for weapons not yet publicly an- 
nounced The details, in terms of new 
tools, component parts, and dollars, are 
astronomical But no one even hinted 
that the orders could not be met, and 
most of them have promised them- 
selves that they will be met ahead of 
schedule 


m m ^ 

FUTURE ENGINES 

Musf Give Greatest Value 
Regardless of Form 

Engineers attending the War Engi- 
neering-Annual Meeting of the Society 
of Automotive Engineers m Detroit 
were challenged by the organization’s 
former president, Charles F Kettering, 
vice president of General Motors Cor- 
poration, to “find the best combmation 
of engine and fuel to give the greatest 
value per total dollar” 

Mr Kettering told his audience that 
it makes no difference whether the 
engme is for gasolme or Diesel fuel, 
whether it is a two-cycle or four-cycle 
engine, whether it be reciprocating or 
non-reciprocatmg “Engines are made 
of metals and brains,” he said, “and 
they need as much of the latter as we 
can get into them ” 
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One meHiod of instolling twin engines in o bus is shown by this schemotic drawing, 
which Indicotes the use of hydraulic transmissions A pre-wor development, multiple 
engines ore widely used in mony military vehicles From the success obtained, they 
oppeor destined to find wider ond more varied opplicotion in the post<wor period 
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aiCTRONICS 


Condoled by KBTH HENNPT 


Metals By Electronics 


In Mines and Mills, Electronics Speeds Production, Increoses Sofety, Im- 
proves Quolity Some of the Applicotions Described Point the Way 
Toword Even Greater Diversification of the Uses of Electronics 

By VIN ZELUFF 

\M.MOclat« Editor Klectronlcf 


S AFETY devices, automatic controls, 
induction heating units, power- 
conversion substations, and a host of 
weighing, sorting, measuring, and auto- 
matic inspection devices are among the 
many forms of electromc equipment 
being used in mining operations and 
in metal refimng and rolling mills 
Hiese tube- operated umts have played 
a major role m producing the vast ton- 
nages of metals needed for mecha- 
nized war 

AT THE MINE— Photoelectric relays con- 
trol the dumping of ore truclu m a 
Minnesota copper mine The truck 
backs onto a ramp For full safety two 
photoelectric relays are installed, the 
truck must intercept both beams The 
breaking of the beams by the truck 
energizes a solenoid air vsdve, opening 
a dump pocket If the truck is not in 
proper position to mtercept both light 
beams, the pocket remains closed 
In another example a large power 
shovel in an open-pit mine changes its 
operatmg position on an average of 
once every 45 to 60 mmutes It does 


not move far, and it moves slowly The 
weight of the shovel is 1500 tons or 
more, supported on four large crawler 
trucks, one at each comer of the ma- 
chme 

During normal operations of such a 
large stripping shovel, the lower frame 
must be close to level Otherwise, the 
rotating motion will be severely handi- 
capped, because it will work against 
gravity in one direction, and with grav- 
ity m the other 

Therefore, all modern, large stripping 
shovels are now built with four hy- 
draulic leveling jacks — one at each cor- 
ner directly over the truck The level- 
ing unit on many shovels is controlled 
by photoelectric relays The operator 
merely presses a button in the cab 
A signal light indicates when the op- 
eration IS completed Leveling is ac- 
complished to an error of less than a 
half a degree in a half mmute or less 

IN THE MILL — ^In one steel plant, a fly- 
ing shear is located between the inter- 
mediate and finishing stands of a 10- 
mch hot strip mill This shear cuts off 


the relatively cold front end of the bar 
before it enters the finishing stands 
Formerly an operator had to start the 
shear when the strip was in the proper 
position, so as to cut off a definite crop 
length Now phototube equipment auto- 
matically starts the shear An adjustable 
time relay is used to determme the 
time mterval between the interruption 
of the beam of light and the starting 
of the shear, thus compensating for 
changes m the strip spe^ since the 
strip speed when it reaches the shear 
IS adjustable from about 400 to 550 feet 
per minute 

In a Chicago steel mill, the soaking 
pit crane operator opens the soaking 
pit cover from his crane cab through 
the action of photoelectric eqmpment 
When the crane is over the soaking pit 
from which the operator desires to lift 
an ingot, he steps on a foot-operated 
pushbutton which will momentarily 
illuminate a ‘light box’’ Opposite the 
light box is a phototube umt with 
amplifier. When the light strikes the 
phototube the cover opens As soon as 
the ingot clears the pit, the operator 
agam steps on the pushbutton to il- 
luminate the light box and the pit 
cover automatically closes 

A photoelectric umt m another steel 
strip mill slows down or speeds up one 
of the sections of the mill to mamtain 
a constant loop m the strip being 
processed Normally the loop is of such 
a length as to block about half of the 
light-beam system If the loop shortens, 
the phototubes get more light and the 
associated electronic motor control sys- 
tem adjusts the speed of one motor to 
make the loop longer Correction is 
made In the opposite direction when 
the loop gets too long and blocks all 
of the light beam With this ingenious 
arrangement, two separate motors can 
operate two different sections of a con- 
veyor or two separate stands of a mill 
acting on the same continuous sheet 
of hot or cold steel 

HOLE DETECTOR — Not all photoelectric 
applications are for regulation purposes 
An important steel mill appU^tion of 
another type is one that detects holes 
in strip steel. This application is par- 
ticularly desirable on steel which will 
later be tm-plated for use by the can- 
ning industry. 

raor to tlM use of pin-hole detectors, 
it was difficult visually to inject the 
strip effectively, and food spoilage 
often resulted. The modem photoelec- 
tric pin-hole detector will in^ct steel 
strip at speeds up to 1500 feet per ndn- 
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Uniformly wound coils of 
strip motol oro boing pro- 
duced in stool mills by tho 
uso of photooloctric con- 
trols thot scon Hio odgo 
olinomont of tho strip bo- 
foro coiling. Tho protecting 
cover hos been removed from 
this Genorol Electric unit 
to show the sconning heod 



uto and detect l/64->inch or smaller 
holes. Some operators have reported 
consistent detection of holes as tiny as 
1/200-inch diameter. The detector op- 
erates a marker which places a visible 
mark on the strip at the location of the 
hole so that it can be readily located 
later In many installations, the detector 
also operates a classifier that automati- 
cally rejects defective sheets after they 
have gone through the shear which 
usually immediately follows the pm- 
hole detector 

Before tin-plate is shipped to the 
can manufacturer, it is gaged for thick- 
ness and sorted into piles, each con- 
taining a definite number of sheets 
Gage is now measured electronically 
If the thickness varies beyond the al- 
lowable tolerance, a signal from the 
gage, electronically amplified, actuates 
a contactor which in turn operates a 
reject gate to divert the of! sheets 

An electronic counter is used to de- 
termine the number of sheets gomg in- 
to the prime pile Sheets intercept a 
light beam directed on a phototube 
feeding an amplifier and contactor Each 
time tlie light beam is intercepted by 
a sheet, the contactor is energized and 
m turn operates a magnetic counter 
After a predetermined number of 
sheets reach the piler, the conveyor 
stops automatically 

A side-register control installed m 
steel mills automatically shifts a steel- 
strip winding reel back and forth, com- 
pensating for lateral variations so as to 
obtain a coil with smooth ends A light 
beam makes a continuous check on the 
strip’s position, and a variation of even 
a few thousandths of an inch is suf- 
ficient to bring about a corrective ac- 
tion This equipment is installed on 
many electrolytic tinning lines 

HEAT MEASUREMENT— The General 
Electric photoelectric pyrometer pro- 
vides a dependable method of indicat- 
ing and recording the temperature of 
a hot bar of steel Radiant energy from 
the hot body is directed toward a pho- 
totube, causing the tube to pass a cur- 
rent bearing a definite relation to the 
temperature of the hot body The cur- 
rent is amplified and passed through 
an indicating instrument which charts 


the temperature High speed of re- 
sponse makes the pyrometer extremely 
suitable for indicatmg the temperature 
of successive pieces passing in process, 
such as bars or billets passing through 
a steel mill 

One of the early installations of the 
photoelectric pyrometer was on a 
piercing mill where steel billets are 
made into seamless steel tubes Three 
furnaces served the mill, and there was 
much variation in temperature of bil- 
lets from the different furnaces ITie 
pyrometer indicated billet temperature, 
with the good result that both mill op- 
erator and furnace man had a measur- 
ing stick with which to guide their op- 
erations Spoilage was greatly reduc^ 

In another steel mill a pyrometer in- 
dicates bloom temperature as blooms 
leave the mill The mstrument is pro- 
vided with two control points, so con- 
nected that signal lamps light in the 
operator’s pulpit if the temperature of 
the bloom is too high or too low Thus, 
if temperature is too high, the operator 
waits until the temperature-recording 
instrument shows that the bloom has 
cooled sufficiently before he sends it on 
to the billet mill 


When the pyrometer was mstalled on 
a spinning machine for manufacturing 
cast-iron pipe by a centrifugal -casting 
process, a better and more uniform 
product was obtained and the ma- 
chine’s productive capacity was boosted 
After the spinning machine has been 
started and brought up to speed, hot 
metal is poured m The pyrometer then 
is arranged to indicate temperature 
inside the pipe When the pipe cools 
below a critical temperature, the 
pyrometer causes the spinning motor 
to be stopped Human error is avoided, 
and the spinning machine runs no 
longer than is necessary to permit 
solidification of the metal 
Since its invention, the Bessemer 
converted has depended upon the 
human eye for control of temperature 
and determination of the end point of 
the blow Catching the end point ex- 
actly IS a matter of utmost importance 
If a few seconds of overblowing takes 
place, the iron oxidizes rapidly If the 
blow is stopped too soon, excess carbon 
may make the steel unusable 
The Bessemer fiame control, an in- 
vention and development of the Jones 
and Laughlin Steel Corporation, using 
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Shop-testing o huge Igmtron rectifier ossembly thot it 
now being used m the electrolytic production of oluminum 
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DC end of o portable ignitron unit, with o copocity of 
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G-E photoelectric equipment, now 
watches the flame unflinchingly 
through a series of carefully selected 
filters, records the progress of the blow, 
and makes it possible to halt the proc- 
ess at a preselected end point 

AUTOMATIC TESTS— Instead of labori- 
ously watching through a microscope 
to measure the rate at which metals 
flow when heated and stressed, metal- 
lurgists have substituted a photoelectric 
unit for the human eye and can now go 
about more important work while these 
tedious metallurgical tests go on auto- 
matically 

In the new technique, a thin wire 
sample of the metal to be tested is en- 
closed m a glass cylinder Electric cur- 
rent is sent through the wire to heat it 
to perhaps 2000 degrees, Fahrenheit, 
and a weight is attached to one end 
of the wire to keep it taut as it ex- 
pands Also attached to the wire is a 
glass grid ruled with opaque horizontal 
lines 1/250 inch wide and the same 
distance apart An identical grid, near- 
ly m contact with the first, is rigidly 
attached to the glass cylinder At the 
beginning of the test, the grids are 
adjusted so the lines on one just fill 
the spaces on the other, and no light 
can pass from the lamp on one side of 
the setup to the phototube on the other 
side 

As the test wire stretches, it slowly 
moves one gfrid, allowing more and 
more light to reach the phototube The 
resulting output of the phototube is 
amplified and fed to a recorder that 
inks in the amount of stretch on a 
moving calibrated paper scale By this 
electronic technique it is readily pos- 
sible to measure a stretch or creep as 
small as 1/10,000 inch in a metallurgical 
sample 

RECTIFIERS — The hesitancy of some in- 
dustrial companies to use ignitron-type 
mercury arc rectifiers is fast disappear- 
ing Electronics is now being put to 
work on a really big scale In the five- 
year period from 1938 through 1942 the 
total sales of electronic rectifymg 
equipment in this country was of the 
order of 120 million dollars 

In one western steel plant alone, 
these rectifiers, with a capacity of 14,- 
000 kilowatts, are supplying power for 
driving auxiliary machmes m the steel 
mill Also, an igmtron rectifier is sup- 
plying the power to the main-roll 
motors in another western steel mill 
Direct current is used underground in 
all mines, and more and more of them 
are discarding motor-generator sets in 
favor of more efficient and more re- 
liable electronic rectifiers 

Some of these metal -clad rectifiers 
require a vacuum chamber eight feet 
in diameter, and stand seven or eight 
feet high Such electronic giants have 
played a very important role in the 
recent tremendous expansion of the 
aluminum and magnesium producing 
facilities for war use. The tubes can be 
made with far less critical material 
than corresponding rotating-type con- 
verters, and their used saved an esti- 
mated 20,000 tons of steel and 3,750,000 
pounds of copper at a time when the 
metals were extremely critical They 


provide the vast quantities of dx. power 
needed to produce aluminum from mud 
and magnesium from sea water. 

The close working relation developed 
between electronics and the metals and 
alloys industry In wartime shows every 
sign of continuing after the war, to the 
mutual benefit of all concerned Here, 
as in its many other fields of usefulness, 
electronics is making it possible to turn 
out a better product faster and at lower 
cost, and is thereby rendering a ser- 
vice to industry that cannot economi- 
cally be discarded on reconversion dav 


® ^ 

CLOUD CEILING 

Meosureef by Bnihanf 
Light Plus Photocell 

Heights of clouds from zero to two 
miles up can be measured accurately 
and automatically in daylight or dark- 
ness with an electronic ceilometer joint- 
ly developed by the United States 
Weather Bureau and General Electric 
Company A tiny high- intensity mer- 



The new G E ceilometer obtoins cloud 
ceiling data voluoble to oil aviation 


cury arc lamp mounted at the focus 
of a searchlight mirror throws a 120- 
cycle pulsating beam vertically upward 
Although the flickering spot thus pro- 
duced at the cloud ceiling is not visible 
to the human eye m daylight, it is read- 
ily picked up by a phototube and am- 
plifier unit located 1000 feet from the 
projector and tuned to the same flicker 
frequency of 120 cycles A Selsyn motor 
drive between the various units trans- 
lates the output meter reading into 
cloud heights indicated directly on a 
recording xmit 

FRACTIONATION 

Speeded by 

Electronic Recorder 

In modern oil refineries, accurate boil- 
ing pomts of the various vapors to be 
separated in fractionation must be pre- 
determined m the laboratory. 

An electronic instrument for this 
purpose, made by Brown Instrument 


Company, consists of a continuous- 
balance potentiometer pyrometer which 
IS mechanically connect^ to a conven- 
tional recording potentiometer. 

A special high-sensltivity fine-wire 
thermocouple, consisting of six individ- 
ual couples spaced about one half 
inch apart, is located in the reflux zone 
of the fractionating column The elec- 
tromotive forces produced by these 
thermocouples are amplified by the 
electronic tubes and recorded continu- 
ously by pen on a time-temperature 
strip chart 

The electronic recorder and a special 
Podbielniak fractionating column make 
possible rapid and accurate separation 
of compounds whose boiling pomts are 
only one and one half degrees apart, 
a feat which cannot be accomplished 
by the older type of apparatus 

The new electronic development con- 
siderably reduces distilling time, with 
increased accuracy, and opens up a 
new field in the fractional distillations 
required for producing the new *100- 
plus” octane gasoline Richfield Oil Cor- 
poration has installed this electronic 
equipment in its newly expanded re- 
finery near Los Angeles 

STENCIL CONTROL 

Provided by 

Electronic timer 

In A BLANKET factory in Massachusetts, 
the plant superintendent needed to 
stencil certain letters on blankets uni- 
formly In this operation, an electro- 
magnetic mechanism had been used to 
press the blanket against a paper trans- 
fer Addition of a General Electric 
electronic timer to the solenoid circuit 
now allows automatic control of the 
length of time the blanket is held 
against the transfer 

FLAW DETECTOR 

Prevents Tool Breakage 

In Machine Shop 

In ONE New England plant, invisible 
flaws and mclusions in brass bar stock 
were causing tool breakage losses 
amounting to over $2000 a week A 
complete solution to the problem was 
achieved by installmg an electromc flaw 
detector to inspect all stock before 
machining This device, developed and 
manufactured by Sperry Products, Inc , 
detects flaws as short as 1/16 mch, 
many of which are not even noticeable 
at the surface In the first six weeks 
of electromc inspection, not a single 
tool was broken, tool life was consid- 
erably increased, and over-all produc- 
tion mcreased 60 percent 

The Sperry flaw detector consists of 
an electron-tub© oscillator that supplies 
high-frequency alternating current to a 
detector coil through which the bar 
stock is passed at rates as high as 80 
feet per minute If a flaw is present, 
a sensitive electron-tube mdicator cir- 
cuit signals the operator and actuates 
relays that stop the machme which 
pulls the bars through the coil. The 
detector works equally well on both 
ferrous and non-ferrous metals and on 
welded or seamless tubing 
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Lowering the 17 ton mom center wing section of a Superfortress to fit into 
the fuselage bomb bay section at Boeing's assembly plant in Wichita, Kansas 


AVIATION Conducted by ALEXANDER KLEMIN 

Metals In The Air 


Aviation^s Present Achievements Are Based on the Quantity Production 
of Strong, Lightweight Metols Of These, Aluminum is Most Widely Used 
Because It Combines the Necessary Qualities of Toughness and Lightness 
with Low Cost But Steel and Magnesium Are Coming into Wide Use 


N ot the least of the wonders of the 
modem airplane lies in the air- 
frame or structure Other branches of 
industry call for strong, reliable metals, 
readily fabricated, but the airplane is 
unique because it demands, in addition 
to all other qualities, the supreme 
quality of lightness If the airframe of 
the Superfortress were built of mild 
steel with the same disregard for weight 
that is shown in the construction of a 
bridge, it could only carry a fraction 
of the bomb-load that is now being 
showered so generously on Japan 
Wood was the first airplane material, 
but it has largely been replaced by 
metal Of recent years, there have been 
many attempts to return to wood in 
airplane construction, particularly with 
the aid of plastics-bonded plywood 
The DeHaviland Mosquito, probably 
the fastest bomber in the world, has a 
structure almost entirely of wood, and 
it has been successful in its task of 
bombmg Berlin Airplane fuselages 
built of a plastics incorporating Fiber - 
glas have shown remarkable strength 
in tests at Wright Field But World 
War n is drawing to its final phase 
with metal aircraft holding the pre- 
dominant position, and plastics still 


mainly used for non-structunil ele- 
ments 

ALUMINUM IN FLIGHT — The material 
most important in airframe construc- 
tion is aluminum, and its application 
in American aviation began quite early 
In 1923, Charles Ward Hall, a consult- 
ing civil engineer of note, converted 
a Navy twin-float seaplane to metal 
construction, and reduced its frame 
weight from 35825 pounds to 164^, 
a saving of almost 54 percent This was 
such striking evidence of the possibili- 
ties of aluminum that, with the finan- 
cial support of the Aluminum Com- 
pany of America, there was formed 
the Hall-Aluminum Company with 
ample resources for a program of re- 
search in aluminum airplane construc- 
tion 

But no amopnt of research, no energy 
m sales engmeering, would have given 
aluminum its splendid position were 
it not for certain inherent qualities 
Aluminum, particularly m its pure 


state, has excellent resistance to cor- 
rosion It IS available in many shapes 
and forms, and it is easy to fabricate 
Moreover, it is very easy to give this 
bright metal a pleasing finish, and 
where painting is necessary, the num- 
ber of filling coats is small compared 
with that required in steel or wood 
construction 

But its most important characteristic 
from an aviation point of view is its 
low weight compared with that of a 
steel component of equal strength The 
specific gravity of steel is 7 8, and the 
tensile strength of mild steel as used 
m general construction is around 50,- 
000 pounds per square inch. On the 
other hand, the specific gravity of 24 
S-T alummum alloy is only 277, and 
its tensile strength is 68,000 poimds per 
square inch So aluminum is oply one 
third as heavy as mild steel, and sbme 
36 percent stronger. 

Of course, there are much stronger 
steels. Some run to strengths of ap- 
proximately 200,000 pounds per square 
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inch Thert are» however, wonderful 
newer aluminum iillosm In the offing 
to maintam superiority for the lighter 
metal Moreover, in the airframe, ahd 
particularly in its cover, a light end 
relatively bulky material has Uie local 
strength against buckling which very 
thin steel cannot readily attain 

FABRICATING ALUMINUM — Aluminum 
enters info the airframe in many forms 
It is used in sheets, tubing, angles, 
channels, Z-sectiQns, U-sections, and so 
on, with sheet or strip form as the 
most popular A widely used form is 
Alclad, an aluminum alloy coated with 
pure alummum as a protection against 
corrosion 

There are many alloys and many 
methods of heat treatment The fabri- 
cation of aluminum has led to the de- 
velopment of a special technique mak- 
ing use of the hydro-press, the drop- 
hammer, and the stretch press All the 
alloys can be easily formed in any de- 
sirable shape, if the material is in the 
soft (S O) condition, but there are pen- 
alties attached to tlus simple solution 
The high-strength alloys require sub- 
sequent heat treatment followed by a 
rapid cold-water quench This some- 
times causes warping, entailing a con- 
sequent costly and time-consuming 
straightening process 

Aluminum is employed m all parts 
of the airplane It is most prominent in 
wings, fuselage, tail surfaces, and ail- 
erons An outstanding example is the 
fuselage of the Boemg B-29, or Super- 
fortress To speed production, the huge 
fuselage is built in five sections The 
main elements of the structure are the 
circumferentials or bulkheads or rings, 
as they are variously called, made of 
stamped, pierced, and channelled 
sheets Through cuts or recesses in 
these bulkheads pass long channels or 
stringers The circumferentials cannot 
all be of the same size since they must 
conform to the streamlined form of the 
fuselage 

After the skeleton structure has been 
riveted together the fuselage is ready 
for its outer skin It is an impressive 
fact that our constructors have found 
a way not only of building splendid 
superbombers, but of building them ac- 
curately in quantity and at widely 
separated plants 

A consideration of one of the steps 
m assemblmg the Superfortress affords 
a clear insight mto the accuracy and 
boldness now employed in metal air- 
craft construction Complete with the 
huge dual wheels of the main landing 


gear and two of the lour S200 haaot* 
power engitiea, the 17-ion main center 
wing aectioii of the SuperfortroM is 
lowered to join the fusel^e bomb-bay 
section, Bmuse the two units are 
manufactured for a perfect fit, it is 
necessary to Jack up die center of the 
bomb-bay se^on to allow a quarter 
of an inch tolerance ^'spread** as the 
center section and the fuselage nestle 
together Removal of the ja<^ takes 
up the quarter-inch slack, and a Joint 
follows m which the pre-bored bolt 
holes are in perfect alinement 
Another example of aluminum con- 
struction is found m the vertical fin 
of the B-24 Liberator as constructed 
by Consolidated Vultee The nbs of the 
fin have holes stamped out and sides 
flanged in one operation on the hy- 
draulic press. Rivet holes are later 
drilled by hand. This indicates that 
whatever tools and processes may have 
been developed in aluminum construc- 
tion, careful hand effort is still an in- 
dispensable part of the task 
Aluminum has played a big part in 
the development of mass-manufactured 
airplanes But its story is not finished 
New alloys still on the secret list are 
emerging with tensile strengths greater 
even than any of the aluminum com- 
bmations in general use today 

STEEL IN AIRPUNES — In the use of 
strip steel m aircraft construction, we 
have lagged far behmd the British 
In World War 1, tentative orders by 
aircraft manufacturers for steel called 
for hundreds of pounds instead of hun- 
dreds of tons The manufacturers con- 
sequently decided that steel in aircraft 
was not worthy of serious attenUon. 


In England, considtrably more atten- 
tion was to the production of 

special steel strip and the like. In the 
United Stktes, even to this day, com- 
paratively little has been done in using 
strip steel except in the form of stain- 
less steel. 

On the other hand, a great deal of 
steel tubing has been employed, mainly 
chrome-molybdenum, m engme mounts 
and in landing gear struts In the 
engine moimt, the steel tubing prob- 
ably gives greater concentrated strength 
and more resistance to the fatigue that 
follows on engine vibration, and since 
landing gear struts are exposed, there 
is advantage in usmg steel tubing with 
its smaller cross-section The fu^lage 
is another place where steel tubing is 
used. It is generally conceded that 
Anthony Fokker, the Dutch designer, 
originated the use of the welded tube 
fuselage 

At the time the tubular fuselage was 
introduced, the strongest argument m 
its favor was that in case of a crash, 
wooden members break and splinter 
whereas steel members usually bend 
and buckle but do not split, thus giv- 
mg greater safety to crew and occu- 
pants. The argument does not apply 
when a fuselage is built of aluminum, 
but a welded steel tubing fuselage is 
cheaper to build, and easier to repair 
and maintain, than a monocoque fuse- 
lage in aluminum Hence, for relative- 
ly mexpenslve private aircraft, steel 
tubing has always been popular 

Outside of the chrome-molybdenum 
tubing, the steels which have at- 
tracted most attention from aircraft 
constructors are corrosion-resistmg 
steels, often popularly called ‘^stainless 



steels.” Hiese are generally chrome- 
mckels or chnxnium steels. Both 



This view of the interior structure of e mognesium wing shows how the light* 
nett of the motel gormitt the uso of bulky ttringors with greet locol strongth 


groups are characterized by high re- 
sistance to corrosion, as by salt water, 
and high resistance to hot exhaust 
gases, and both groups can be made to 
develop enormous strengths, over 200,- 
000 poimds per square inch, coupled, 
however, with radier poor elongation 
or ductibility 

Moreover, while the stainless steels 
are difficult to dnll and fabricate in 
general, they can be electrically spot- 
welded with great success— removing 
the bugaboo of riveting. Stainless steels 
have proved, first of all, very useful in 
such non-structural parts as exhaust 
collectors and stacks, and it is difficult 
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to ahft what matarial could rapiact 
tham for these purposes Owing to tludr 
corrosion-resisting properties, stainless 
steels have been employed with suc- 
cess in the building of floats and hulls 
Fleetwings has built an amphibian en- 
tirely of stainless steel which was popu- 
lar with private owners Stainless steel 
in the structure of the airplane ^las not 
achieved great popularity This is true 
m spite of the fact that, in addition to 
Fleetwings’ pioneering m this field 
since 1926, Budd after many years of 
research, has recently built an excel- 
lent all stainless steel cargo airplane 
The prdbable reason is that, while 
stainless steel has enormous tensile 
strength, it has less local resistance to 
buckling because its sections are ex- 
tremely thin A stainless steel wing 
cover is far too thin to be as satisfactory 
as an alummum skin But the last word 
has not been said In the larger aircraft 
that are coming shortly, the enormous 



Stoinlesf-steel segments ore here be- 
mg tock-welded for inner rings end 
muffs on a Consolidoted-Vultee plone 


loads at the root of the cantilever wing 
may have to be taken up by deep and 
solid steel spars 

THE LIGHTER METALS— Magnesium has 
long been used in aircraft construction 
m Germany where it is called *‘Elek- 
tron.” In the United States it has been 
employed in many aircraft engine 
parts, mainly as castings, but it is only 
within the last few years that it has 
been utilized as a structural aircraft 
material and then only in experimental 
form Magnesium is being obtamed 
from the sea water by Dow Chemical 
Company so that it is available to us 
m great quantities It has a specific 
gravity of only 18, about two thirds 
that of aluminum, and a tensile 
strength up to 50,000 pounds per square 
mch. Magnesium offers certain diffi- 
culties When it 18 being machmed, 
protection against fire hazard must be 
taken Its fatigue resistance is not per- 
fectly assured and, because it is not as 
hard as other alloys, its resistance to 
corrosion is not as high. Hence, in spite 
of its attractive strength wei^t ratio, 
it was viewed with some suspicion by 
aircraft constructors. 

Today, however, machining problems 


have been largely solved, and chemists 
at Consolidated Vultee have developed 
*'pickling” or electro-chemical ano^- 
ing of magnesium so that it becomes 
splendidly resistant to corrosion Dow 
Chemical, pioneer in production of 
magnesium, is also doing fine develop- 
ment in building wmgs and fuselage 
for a SWJ-2 Navy Trainer Load tests 
to destruction have proved completely 
satisfactory with some saving in weight 
as compared with the basic aluminum 
wmg 

Because magnesium is so light, it is 
possible to use bulky sections m the 
stringers without excessive weight but 
with local strength A smooth exterior 
finish can be obtained with this mate- 
rial because the local stiffness elimi- 
nates all skin-wrinkling, and also be- 
cause fewer nvets are needed Aircraft 
construction In magnesium also has 
great possibilities in savmg cost Be- 
cause of the greater local stiffness pre- 
viously mentioned, magnesium will ren- 
der possible true monocoque construc- 
tion, that IS, a hollow shell cumbered 
with a minimum of internal parts, spars, 
stringers, or ribs 

THE IDEAL MATERIALS- F S Stewart, m 
a book on airframe materials, outlines 
the properties desirable in materials 
for airframes and within the realm 
of possibility His ideal specifications 
are a fine challenge to metallurgists 
and inventors Here they are 

Tensile Strength 200,000 to 500,000 
pounds per square inch 
Specific Gravity Less than 3 0 
Availability Unlimited 
Modulus of Elasticity Above one 
million pounds per square mch 
Fatigue Resistance High 
Corrosion Resistance Excellent 
The day is not far distant, perhaps, 
when the combined labor and ingenuity 
of the world’s metallurgists and aircraft 
designers, working in a peace-time 
atmosphere foUowmg a United Nations’ 
victory, will bring forth a material 
equal to Mr Stewart’s specifications 

# • 

PROPELLER ICING 

Reduced by Use of 
Simple Lacquer 

The accobipanyxmq photograph shows 
part of an American Airline flagship 
in flight, with wing edges and propeller 
dome **icing-up” while the edges of the 
propeller itself are still free of ice This 
IS due to a recent development by 
engineers of Hamilton-Standard Pro- 
peUers, which increases flight safety 
The safety measure consists in paint- 
ing or spraying the propeller blades 
with a chemical lacquer called Icelac, 
which, black in color, has a consistency 
something like that of glycerine, and 
paints or sprays freely to give a shiny, 
tacky surface. 

A satisfactory icing protective surface 
is mamtained for several thousand 
hours, accorduig to M. G Beard, Di- 
rector of Flight Engineering for 
American Airlines 
The application and mamtenance of 



The edge stoys ice -free 


Icelac is simple Previously, propeller 
blades were protected by a slmger- 
ring which distributed an anti-freeze 
fluid over the propeller blades The ad- 
vantages of the new protective method 
are evident There is saving in weight, 
increased simplicity, and a greater as- 
surance of anti-icmg protection 

SEAPLANE DOCK 

Offers Advantages in 
Servicing Large Craft 

T O FACILITATE handling mail and cargo 
carried in vast quantities by the Mar- 
tin Mars and to simplify servicing and 
maintenance of this giant flying boat, 



A toil view of the Mors ot its dock 


the Navy has constructed a special U- 
shaped seaplane dock at a west-coast 
naval air station 

The basic structure consists of stand- 
ard navy pontoons, over which a three- 
inch wire-mesh concrete deck is laid 
after covering the crevices between the 
pontoons with tar construction paper. 

The floating dock provides platforms 
at either side of the flying boat which 
may be raised or lower^ to a con- 
venient height by changing ballast 

The Mars is bei^ed in its dock by 
cables running to fixed electric winches 
anchored in concrete foundations 
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CHEMISTRY IN INDUSTRY 


Conducted by D H KILLEFFER 


Metals Of The Future 


Chemicol Industry Provides the Bose from Which Spring the Marvels 
of Metallurgy. Importont to Tomorrow's Applications of Metols Is the 
Developing Knowledge of the Rarer Elements and Their Value in Ex< 
tending the Usefulness of the More Common Metals in Use Today 


M etallurgy advances by adopting 
and adapting chemical discover- 
ies and processes, and operating them 
on a huge scale Indeed, metallurgy 
can be defined as that division of chem- 
istry and chemical mdustry concerned 
with metals and their ores While that 
definition serves admirably to charac- 
terize the principal fields of metallurgy, 
and to differentiate them from the re- 
mainder of the chemical domain, it 
leaves a large area of imcertamty The 
gigantic iron and steel industry clearly 
belongs to metallurgy, but proper 
classification of magnesium production, 
for example, is not as simple as that 
and must be dated to have meaning As 
recently as a decade ago, metallurgists 
were still inclmed to look down their 
noses at magnesium and its production 
in a chemical plant, and few indeed 
considered it worth serious metallurgi- 
cal study Today, that situation is sub- 
stantially changed and magnesium has 
grown up among metals Before our 
very eyes, martial necessity trans- 
ferred t^ expanding section of chemi- 
cal industry into metallurgy 
Similar transfers have m the past 


continually enriched metallurgy with 
territory acquired from chemical in- 
dustry And the process continues. 

Just as the metallurgy of today is 
differentiated from that of a century 
ago by its acquisitions from chemistry, 
so will the characteristics of tomor- 
row’s metallurgy depend upon what of 
today’s chemistry can be adapted and 
appbed to the problems of metals We 
may, indeed, expect to find among the 
specimens in today^s chemical museum 
the important metals of tomorrow The 
methods by which their evolution will 
most probably be accomplished re- 
semble those recently developed and 
applied in chemical operations 

MAKING THE MOST OF METALS — The 
principal preoccupations of present- 
day chemistry and metallurgy are the 
development of the techniques neces- 
sary to concentrate desired metals 
from even excessively dilute ores and 
the economical application of huge con- 
centrations of energy to their recovery 
A further consideration, whose signifi- 
cance is being emphasized more and 
more, is the necessity of using to the 


utmost the most abundant elements as 
tne base metals of alloys and adding 
other less common elements to modify 
their properties in desired directions 
This results from rapid depletion of 
high-grade ores and directs special at- 
tention toward the most plentiful ele- 
ments composing the earth Aluminum, 
magnesium, and iron thus become 
especially important since these three 
are the only metals presently used for 
structural purposes among the eight 
elements constitutmg 98 6 percent of 
the earth’s crust Others of these eight, 
each of which makes up more than 
2 percent of the earth, are oxygen, 
silicon, calcium, sodium, and potassi- 
um The other 84 known elements form 
together less than 1 4 percent 
The basic pattern of the long-range 
future of metallurgy thus becomes 
clear Alloys of more common ele- 
ments with relatively minor amounts 
of other scarcer elements will form 
the bulk of our future metals 

RARE METALS — Less i emote in lime is 
the increasing use of many metals, 
some of them considered excessively 
rare, to perform specific functions 
The strmgencies of our war-time 
economy have brought out many of 
what may be classed as “chemist’s” 
metals and given them important war- 
time jobs Some of these are strange 
to the metallurgical world but most 
of them are further developments of 
less important applications in minor 
use before While the total amount 
of all these newer metals is insignifi- 
cant in comparison with iron or the 
other common metals, yet the services 
they perform are quite disproportionate 
to their amounts The number of these 
metals, too, is relatively large 
The metal mdium, for example, has 
proved to be extremely valuable in 
bearings of aviation engines where its 
resistance to wear and corrosion as 
well as its low frictional resistance 
makes it particularly valuable as a 
surface layer Furthermore, thin plates 
of mdium on silver reduce the latter 
metal’s tendency to tarnish and pre- 
serve its high reflectance character- 
istics Minimum amoimts of indium 
added to soft solders made of lead 
and silver impart better flow properties 



Stfore the fllumlnum solidihcf in these molds m the costing building of o Rey- 
nolds Metols Compony plont, o worker skims the surfoce to remove the dross 
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to the alloy and otherwise improve it 

Lead-silver alloys, containing only 
small amounts of the more valuable 
metal, are proving as good as or better 
than the accustomed lead-tin alloys as 
soft solders While their present use is 
necessitated by a war-time shortage 
of tin, they may well survive competi- 
tion with tin solders when these are 
again available 

Beryllium possesses properties of 
high value in alloys, particularly with 
copper Soft malleable copper, to 
which 2 percent or so of beryllium is 
added, remains non-sparking and 
otherwise retains copperas properties 


In certoin types of 
molding, end 
with most plostics, 
btry Ilium -copper 
mokes possible molds 
hoving extremely 
smooth surfoces end 
from which the 
molded ports emerge 
with o good finish 




Courietiy The Lithium Company 


In this heot-treoting furnoce, lithium is voporized in omounts sufficient to oh* 
sorb oil oxygen ond water vapor in the oir or on the steel being treated, thus providing 
0 protective atmosphere which is completely neutral ond therefore hormlese to steel 


but in cast form has a hardness of 
about 400 Bnnnell That places the 
alloy in the class of hardness of cast 
steel and permits it to be used for 
molds for plastics, for example The 
ability to cast molds for plastics, in- 
stead of cutting and machining them 
laboriously from tool steel, materially 
cheapens this expensive part of the 
molding business Copper-beryllium 
alloys also possess high elasticity and 
can be fabricated into springs which 
are both non-magnetic and resistant 
to atmospheric corrosion Furthermore, 
beryllium affects copper’s electrical 
conductivity only slightly as used 

Beryllium also imparts hardness to 
other metals even when added in small 
percentages Aluminum and nickel are 
susceptible to beryllium additions and 
become hard and wear-resistant there- 
by 

Lithium is used as an alloy mg ele- 
ment for imparting stiffness to alumi- 
num, in high conductivity copper, 
welding light metals, artd for a number 
of other uses 

Tantalum possesses extraordinary 
resistance to corrosion, particularly by 
hydrochloric acid For this reason it 
has found important usefulness m the 
construction of plants for the manu- 
facture of this acid The fact that it is 
a metal possessing high heat conduc- 
tivity, in contrast to previously used 
stoneware, permits the tantalum plant 
to be much smaller than accustomed 
installations and to attain high effi- 
ciencies through effective cooling of the 
reaction rone 


This corrosion resistance of tantalum 
also makes it valuable m orthopedic 
surgery Splints of the metal attached 
directly to the fractured bones are not 
affected by body fluids and hence 
need not be removed after healing is 
complete Tantalum, in addition, has 
the property of electrical rectification 
when used as one electrode in an 
electrolsrtic cell 

Columbium, a metal associated with 
tantalum and resembling it in many 
ways, is useful in high-temperature 
alloys as well as m electrolytic recti- 
fiers The need for high temperatures 
in internal-combustion turbines and 
other machines makes this metal im- 
portant 

These metals are still rather defi- 
nitely m the chemical category, but 
show important promise of develop- 
ment into metallurgical metals Their 
special properties give them unusual 
value in modifying and amplifymg 
supplies of more common elements for 
metallurgical purposes They are typi- 
cal of a larger number findmg new 
usefulness m the rapid development of 
special metals to meet urgent war 
needs. 

THE LIGHT METALS— Pure electrolytic 
manganese is similarly a chemical 
metal which has recently become 
vitally necessary for alloying with 
magnesium and aliunmum Manganese 
is by no means new to metallurgy 
and in the form of ferro-manganese is 
a valuable refining agent for steel and 
a toughener for alloys The develop- 


ment of aluminum and magnesium on 
a highly extended scale has greatly 
emphasized their alloys, among which 
those with manganese are particularly 
important The iron content of ferro- 
manganese prevents its use with these 
metals because the iron, which can be 
neglected m steel manufacture, is high- 
ly objectionable in aluminum and 
magnesium 

Thus necessity has fostered the de- 
velopment of electrolytic manganese 
on a substantial scale to help in the 
applications of light metal alloys This 
fact has had further significance be- 
cause the electrolytic operation uses 
a solution of manganese as its raw ma- 



The hcovy machinery operations in 
connection with magnesium produC' 
tion, occording to The Dow Chemicol 
Company, use equipment which is es- 
sentiolly stondard, the voriables be- 
ing in procedures rather thon in ma- 
chine design Magnesium tubing con 
be extruded on equipment used for 
producing brass tubing, mogntsium 
sheet IS being rolled on mills designed 
for copper end brass ond, if neces- 
sary, could be produced on steel 
strip mills with few complications 
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terial and this can be readily prepared 
from relatively low grade ore 
Flotation, one of the most significant 
processes of modem beneficiation, in- 
timately bmds chemical industry and 
metallurgy together The original proc- 
ess, depending upon the selective abil- 
ity of foam to float out particles of one 
kind alone from a mixture, was de- 
veloped for the improvement of low- 
grade ores otherwise unprofitable to 
work It uses a variety of flotation and 
foaming agents to accomplish its se- 
lections and these are produced by 
the chenucal mdustry especially for the 
purpose Thus metallurgy depends up- 
on chemistry m this field 
But chemical industry also uses 
flotation in its own operations Removal 
of sulfur of colloidal dimensions from 
the setting baths of the viscose rayon 
process can be successfully accom- 
plished by flotation, an important fact, 
since more usual methods are meflec- 
tive A special application of a similar 
technique is the removal of metallic 
particles from the emulsions used as 
cutting oils in machining operations 
In a way much more like the cus- 
tomary metallurgical operation, chemi- 
cal industry employs the flotation prin- 
ciples and process to concentrate cer- 
tain of its raw materials (phosphate 
rock, for example) and to remove im- 


FUEL TABLETS 

Ignite Readily, 

Give Hot Flame 

F iKLP rations of the United States sol- 
diers will be heated (if at all) by 
tablets of metaldehyde, a polymer of 
acetaldehyde, accordmg to a recent 
announcement by the Quartermaster 
Corps Acetaldehyde, the raw material 
for these fuel tablets, is not on the 
critical list as are alcohol, formalde- 
hyde, and other raw materials used in 
making competitive fuels. Army tab- 
lets of metaldehyde are one inch in 
diameter and one quarter inch thick 
In that form the material does not ab- 
sorb moisture nor does it evaporate It 
also possesses high heatmg value and 
Ignites readily to give a practically in- 
visible blue flame 

BUTADIENE TACKINESS 

Increased by New 
Phenol Materials 

OF the drawbacks of synthetic 
rubber, and especially of the oil -re- 
sistant butadiene type used in oil hose, 
gasoline hose, and other products ex- 
posed to oil or gasoline, has been a 
lack of stickmess or tack of the un- 
vulcanized material As a result, it has 
been difficult and expensive to unite 
parts or plies of synthetic rubber prod- 
ucts because they would not stick to- 
gether during preparation for vul- 
canization. 

It ii pointed out by The B. F. Good- 
rich Coinpany, that, while softeners of 
synthetie rubier had been previously 
imd in compounding the material, they 


puritias from certain of its solutions 
undergoing processing 

MAGNETIC SEPARATION - Modem de- 
velopments of electromagnetic and 
electrostatic separations have had im- 
portant implications in the chemical as 
well as the metallurgical fields. The 
separation of minerals which come as 
mixtures from oflier separation proc- 
esses (tabling, flotation, and so on) can 
sometimes be accomplished by taking 
advantage of slight dffierences m either 
magnetic or electrostatic susceptibih- 
ties It is not necessary, for example, 
that either of the materials separated 
be what is ordmarily considered mag- 
netic A slight difference in suscepti- 
bility to charge or magnetism is often 
sufficient to deflect particles of two 
kinds mto slightly different paths and 
hence effect their separation 
Clearly a large part of metallurgy 
IS indistingui^able from chemistry and 
one must look closely to find a basis 
for differentiating them Most often 
the prmcipal distmctions in the area 
of overlapping lie in the point of view 
of the one conducting an operation 
rather than in any characteristic of the 
operation itself Contmual borrowing 
and adaptation of the processes primari- 
ly designed for one purpose fit them 
for wider usefulness in the other field 


did not provide tack, and that various 
tackifying solutions had later to be 
applied to the surface of the composi- 
tion Even this treatment did not give 
satisfactory tack to some compounds 

In a new Goodrich development, ma- 
terials of the alkyl phenol class are in- 
corporated mto Ae compound by con- 
ventional factory methods either with 
the rubber as a solid or in dispersion 
Use of the materials reduces the diffi- 
culties in handling synthetic rubber m 
manufacturing processes, such as 
calendering, extruding, or plying-up 
of successive layers of rubber or rub- 
berized fabric 

BROAD FARM RESEARCH 

Urged by Director 

Of Experiment Station 

Scientific research will, m the long 
run, lead to the most direct and re- 
liable solution of farm problems, even 
though at first there may seem to be 
little immediate economic gam, accord- 
mg to Dr A J. Heinicke, Director of 
the New York State Experiment Sta- 
tion 

"The knowledge gradually developed 
by experiment station workers during 
many years of investigation concern- 
ing various phases of production, han- 
dling, and utilization of crops," he 
said, **has been an important factor in 
enabling a relatively small proportion 
of the total population engaged in 
agriculture to provide the large quan- 
tities of food required by our military 
forces and by civilian workers in this 
country and in many other parts of the 
world 

"We have had an abundant harvest 


of practical fruits of agricultural re- 
seai^ and It Is fitting that wt make 
the b^ use possible of all available 
fruits in this time of emergency even 
if some of them are still somewhat 
inmature or imperfectly developed 
However, the tree of knowledge upon 
which we depend for these fruits may 
fail to produce year after year unless 
the roots have nourishment and room 
for spreadmg Advantage should be 
taken of every opportunity to explore 
new and promising ideas, even if they 
do not show immediate practical val- 
ue" 

CLOTH TAPE 

Treated Against Fungus 

For Tropical Shipments 

FUNGiciDi treatment is now used in 
manufacturing Mystik Self-Stik Cloth 
Tape, making possible the protection 
of shipments and products agamst 
fungus growths, which have proved 
rumous to many war materials, par- 
ticularly those shipped to the South 
Pacific area Such precision equip- 
ment as radio, radar, and aircraft in- 
struments as well as aircraft fuselages 
are among the many items that must 
be protected against fungus attack 

The fungicide is applied to all com- 
ponents of the tape the cloth, the 
adhesive, and the backing which im- 
pregnates the tape against water, mois- 
ture, salt spray, gases, and other dam- 
aging elements The tape is used as a 
seal m packmg and as a protective 
covering when applied directly to the 
product Itself 

WEED KILLER 

Offers Boon to 

Grass Lawns 

New control of weeds is promised by 
a chemical which can be sprayed on a 
grass plot without injury to the grass 
itself Experiments by the Bureau of 
Plant Industry of the United States 
Department of Agriculture show that 
2, 4-dichlorophenoxyacetic acid (2-4- 
D for short) in a concentration of five 
parts in 100,000 of water is effective in 
killing broad -leaf weeds but harmless 
to grass 

PLATING ALUMINUM 

Accomplished by Means of 

Surface Treatment 

NEW process for pre-treatmg alu- 
minum gives it a surface upon which 
copper or silver' can be electroplated 
After the usual cleaning, the aluminum 
18 dipped in a solution of a patented 
mixture of salts which form a plate- 
able alloy on the surface The treated 
metal can then be plated with copper 
or silver in the usual manner. On fliis 
first plate other metals may be subse- 
quently plated if desired Not only 
can decorative and corrosion resistant 
platings be' made in fills way, but the 
adherent plate can be soldei^ in the 
ordinary manner. The process, called 
"Alumon/’ is now employed In war 
work 
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FUNDAMENTAL SCIENCE ConductMl by ALBERT G. INGALLS 


Microradiography 

A Powerful New Tool And Technique, The Microrodiogrophic Applico- 
tion of X-Roys in Metallurgy, Not To Be Confused with the Familiar 
Radiography to Which It Is An Auxiliory, 1$ Giving Aid in the Improve- 
ment of Existing Alloys and the Development of Many New Ones 


By S. E. MADOIGAN 

RMearoh Phjtlolat. ObMit Btam and Coppar Company 


M etallurgists, in the examination 
of metal surfaces with the optical 
microscope, have long recognized two 
serious weaknesses in this procedure 
(1) The polished surface under obser- 
vation provides only a plane cut 
through the details of the metallic 
structure, this very frequently does 
not offer adequate evidence of the true 
shape of the details and m many cases 
IS misleadmg (2) The identity of 
chenucal composition of phases, inclu- 
sions, or other details under observa- 
tion can be determined only as a result 
of long experience and by the use of 
complicated etching techniques 
As a result, the methods of metallo- 
graphic microscopy have retained 
much of the nature of an art rather 
than an exact science 
The newly developed microra- 
diographic technique, on the other 
hand, is able to give an indication of 
the three-dimensional contours of de- 
tails m the metal structure and is able 
to indicate the distribution and identity 
of the chemical components in a pre- 
cise manner. 

The new technique may be considered 
as an extension of the normal radiog- 
raphic process Radiography as com- 
monly practiced reveals the presence 
on a gross scale of voids, blowholes, 


and cracks m the metal Microradiog- 
raphy, on the other hand, discloses the 
distribution on a microscopic scale of 
minute voids and even of the alloy 
constituents. In the latter respect it 
closely resembles the commonly used 
optical microscopic methods, but the 
information obtamed is more extensive 

Photomicrographs of polished, etched 
metal surfaces made m the usual way 
reveal the metal structure and dis- 
tribution of phases in the surface only 
This information is of extreme value 
in the development and production of 
alloys The microradiograph, however, 
goes still further in showing the dis- 
tribution throughout the interior rather 
than on the surface alone and at the 
same time provides a defimte identifi- 
cation of the chemical elements m the 
various phases [A phase is a physically 
distinct, homogeneous part of an alloy 
-Ed] 

The additional information provided 
by this new techmque is amply demon- 
strated by Figure 1 The photomicro- 
graph on the left shows that in the 
alloy of 80 Cu-10 Sn-10 Pb two phases 
exist, in addition to the dark particles 
of segregated lead. The microradiograph 
on the right shows the actual distribu- 
tion of the elements copper, tm, and 
lead The improvement inherent in the 


new process over the old method Is 
clearly mdicated to the experienced 
metallurgist 

POTENTIAL USES — The previous discus- 
sion at once makes evident the wide 
potential fields of use for the micro- 
radiographic method In any apphca- 
tion of metals where the shape or dis- 
tribution of phases or segregated par- 
ticles IS of importance, such as, for ex- 
ample, machinability, then it must be 
recognized that the older methods of 
investigation usmg optical microscopy 
were insufficient, and the microradio- 
graphic techmque becomes essential 
In the development of new alloys in- 
volvmg ternary, quaternary, or even 
more complex systems, fills new tech- 
nique provides a clear picture of the 
distribution of the alloying elements 
and, when used for comparison with 
photomicrographs, offers extensive m- 
formation not otherwise directly ob- 
tainable After some experience the 
method may even be used to identify 
the composition of unknown micro- 
scopic mclusions under conditions 
where the spectroscopic methods of 
analysis are of no value 
The microradiographic method de- 
pends on the difference in absorption 
of X rays by the different chemical 



Figere 1: An alloy of 80 per- 
cent copper, 10 percent tin 
and 10 percent lend 
Left. Photomicrograph (75X) 
showing a two- phase sys- 
tem, in addition to block 
lead particles. Right Micro- 
rodiograph (100X) taken 
With cobolt rodiotion 
at 30 kilovolts. Copper-rich 
regions ore dork, while 
tin-nch regions, also lead 
particles, are light 
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elements Thus, in an alloy structure, 
constituents having different chemical 
compositions will absorb different per- 
centages of the incident x-ray beam 
and can be recognized by the different 
degrees of blackening m the resultant 
shadowgraph For optunum contrast, 
however, special precautions must be 
taken. A better understanding of this 
can be obtained by analogy with pho- 
tographs taken by visible light 

Both X rays and visible light are 
manifestations of the same phenome- 
non of electromagnetic waves The 
region of x rays and of visible light 
both consist of a range of wavelengths, 
in a beam either of x rays or of visible 
light a considerable range of such 
wavelengths will be found In x rays, 
however, the wavelengths will be very 
much shorter than m visible light A 
beam of ordinary sunlight or white 
light consists of a large range of wave- 
lengths, identified by differing colors, 
which when mixed together, are identi- 
fied as white light Smtable apparatus 
can readily split up this white light 
into its component colors 

HOW IT WORKS— 'A simple experimenl. 
using equipment available to ^e aver- 
age person, will serve to demonstrate 
the underlying principles mvolved in 
microradiography This requires some 
pieces of colored glass and the nearest 
traffic signal light Observation of the 
traffic signal through a piece of deep 
red glass reveals that, while the opera- 
tion of the red light can be seen with 
normal clarity and the yellow light 
with moderate ease, it is almost im- 
possible to tell whether the green light 
IS on or off In a similar way a piece 
of deep blue glass will allow one to 
watch the operation of the green light 
but will almost completely obscure the 
red light This means that the red 
glass obtains its color because it trans- 
mits red light unimpeded but almost 
completely absorbs contrasting colors 
such as green or blue In like manner, 
blue glass transmits similar colors such 
as ^reen but absorbs contrasting colors 
such as red 

Suppose, now, that an amateur pho- 
tographer wishes to photograph a scene 
containmg quantities of the color red 
and the complementary color blue- 
green The record obtained on the pho- 
tographic film will be of rather poor 
quality smce both the red and the 
blue-green light will affect the pho- 
tographic film and low contrast will be 
obtamed. However, if a red filter is 
placed over the camera lens, high con- 
trast is obtainable since the hght from 
the blue-green regions is absorbed and 
does not reach the photographic film 
The light from the red regions, on the 
other hand, passes throu^ the filter 
unimpeded to strike the photographic 
film, and one thus obtains strong black 
and white contrast. Equal contrast 
could be obtamed by using a blue filter 
which would absorb the red light but 
allow the passage of the blue-green 
light In this way a strong contrast 
would again be obtained but the regions 
of black and white would now be re- 
versed on the negative 

In a similar manner m microradiog- 
raphy, a beam of x rays with wave- 


lengths chosen indiscriminately will 
probably reveal the alloy constituents 
with rather poor contrast High con- 
trast can be obtained in a manner 
analogous to that used for the pho- 
tographic case described above In the 
case of X rays, however, the control 
of wavelength is accomplished not by 
the use of filters but by suitable selec- 
tion of x-ray target material, or the 
use of appropriate tube voltage. 

The emission from an x-ray tube, 
as shown in Figure 2, consists of two 
parts (1) The “white,** or “contmu- 
ous,** background radiation (shown in 
dotted lines) which covers a consider- 
able range of wavelengths and which 
shifts to shorter or longer wave- 
lengths depending on the voltage (2) 
The “characteristic** radiation (shown 
in solid lines), superimposed on the 



Figure 2 A typical distribution of 
wavelengths from an x-ray tube 
Dotted curve shows the intensity of 
white rodiotion, while the solid line 
that of chorocteristic radiation 

‘white” radiation, which consists of 
discrete wavelengths depending on the 
material of the x-ray target but not on 
the voltage 

As will be disclosed, both types of 
radiation must be considered in ob- 
taining conditions for optimum contrast 
in the radiograph 

THIN SPECIMENS-The basic piotedure 
for microradiography consists of pass- 
ing an x-ray beam through a small 
region of a thin, almost foil-llke, spec- 
imen and allowing the transmitted 
beam to impinge upon a special pho- 
tographic plate placed in close con- 
tact with the specimen The x-ray 
target material and operating voltage 
must be carefully selected to give the 
best contrast The Eastman Type 548-0 
spectrographic plate possesses sufficient 
resolution to allow the resulting radio- 
graph to be magnified optically by 100 
diameters or more At such magnifi- 
cations the microscopic distribution of 
the alloy constituents is clearly re- 
vealed m the characteristic shadow- 
graph 

In order to accomplish the purpose 
of the technique it is necessary to pre- 
pare thm sections of metal of the same 
order of magmtude as the details or 
inhomogeneities to be examined This 
IS necessary for two reasons (1) The 
exposure time increase* rapidly with 


the thickness of specimen and, depend- 
ing upon the constituent elements, 
thicknesses ^ould be from 0.010 down 
to 0 001 inch (2) It is obvious that the 
overlapping of shadows from a large 
number of inhomogeneities occurring 
at different depths in the specimen 
would cause considerable blurring of 
detail Therefore the specimen must be 
thin enough so that there will not be 
too much overlapping of shadow de- 
tails 

From the latter standpomt the neces- 
sary specimen thinness depends on in- 
dividual conditions such as size and 
concentration of inhomogeneities, also 
on the degree of contrast produced by 
the difference in absorption between 
mhomogeneity and adjacent material 
For most copper alloys it is desirable 
to have a specimen thickness of less 
than 0005 inch m order to reduce ex- 
posure time, but It is seldom necessary 
to have less than 0 002 inch 

PREPARATION — Such thin specimens 
are best prepared by a grmding and 
polishing techmque which closely re- 
sembles the methods used for the 
preparation of metallographic speci- 
mens Upon first consideration the 
preparation of such thin specimens may 
appear to present great difficulty How- 
ever, with a little practice the prepara- 
tion technique is not unduly arduous 
and should not deter anyone from us- 
ing the method 

Specimens should be fiat and of es- 
sentially uniform gage as first re- 
ceived Samples of sheet stock satisfy 
these requirements very well If cast- 
ings or large sections are to be studied, 
specimens should be cut from them 
so as to satisfy the requirements This 
can be accomplished by makmg paral- 
lel cuts on a milling machine or on a 
cut-off saw provided with a suitable 
guide or clamping mechamsm As thus 
cut the specimen will be relatively 
thick (1/16 to 1/8 inch) and with a 
surface too lough for direct use and 
must be subjected to further prepara- 
tion 

One side is polished on emery papers 
of varying grades to a final finish at 
least equal to that obtamed on 3/0 
French paper usmg an oil film The 
specimen should then be mounted in a 
Lucite molding with the polished face 
inward and one unprepared face out- 
ward Then in a lathe the second sur- 
face IS turned down parallel to the 
polished face until the sample reaches 
a gage of about 0 010 inch From this 
thickness it should be hand polislied 
until approximately the desired final 
gage is reached (0 005 inch or less) 
The surface should then be finished 
off on French papers to the same de- 
gree as the first surface The entire 
procedure requires about the same 
time of preparation as for a good 
metallographic specimen The foil -like 
specimen, after removal from its 
mounting, is radiographed as previous- 
ly indicated 

The radiographs may be enlarged by 
the use of a microscope with trans- 
mitted light This is accomplished with 
a metallographic microscope by placing 
the radiographic plate on the stage 
of the microscope and directing rays 
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from the light source through the 
radiograph by means of a 45-degree 
mirror attached to the stage 

The difference between the absorp- 
tion of X rays in two materials is in 
general greater for x rays of longer 
wavelengths. 

The absorption coefficients of metals 
when plotted against the wavelength 
of X radiation yield discontinuous 
curves. The sharp changes or discon- 
tmuities occur at different wavelengths 
for different metals Also, when used 
as x-ray emitters, different metals 
yield, m addition to a general radia- 
tion of many wavelengths, one or two 
wavelengths of high mtensity which 
are characteristic of the particular 
metal, as shown in Figure 2 By match- 
ing these characteristic radiations 
against the absorption discontinuities 
for the elements to be examined, it is 
possible to obtam high differences in 
absorption between the constituent 
elements of the alloy without having 
recourse to the long wavelength, long- 
exposure time techmques X-ray tubes 
with cobalt, copper, and molybdenum 
targets provide radiations satisfactory 
for most work with copper alloys 

PARTICLES IDENTIFIECV-With several 
x-ray tube targets available, it is pos- 
sible to make a chemical Identification 
of inhomogeneities in the alloy by the 
absorption effects observed, for ex- 
ample, in Figure 3, which shows a 
copper-zinc-iron alloy, it was possible 
to identify the small segregated par- 
ticles as containing iron, since nucro- 
radiographs with a copper tube showed 
these particles with strong contrast 
whereas those with either copper or 
molybdenum tubes did not show the 
particles A consideration of the ab- 
sorption curves for copper, zme, and 
iron showed that such results would 
be characteristic of iron particles con- 
tained m a copper-zinc alloy In this 
particular case it was already known 
from other information such as mag- 
netic tests that the particles shown 
were iron, however, application of this 
principle to other cases where the com- 


position of inclusions or segregated 
particles is not known becomes evi- 
dent at once. 

The author has used the technique 
for the examination of samples too 
numerous to be described here. These, 
however have demonstrated beyond 
any doubt that the microradiographs 
give distinctly new and valuable in- 
formation 

As an example, m studying lead- 
beanng free machimng brasses, pho- 
tomicrographs usually showed the lead* 
segregated into more or less rounded 
particles Microradiographs showed 
that in many cases the lead was ac- 
tually distributed in elongated, ir- 
regularly shaped strmgers. Even the 
lead particle size indicated by the 
photomicrographs was frequently quite 
misleadmg Apparently the manifesta- 
tions seen in the photomicrographs 
were merely cuts through various parts 
of the mam stringers or their links 

Again, m the examination of a forged 
copper-zmc-tin alloy, the photomicro- 
graphs showed the tm-rich phase as 


isolated lakes m the alloy structure 
The microradiographs, on the other 
hand, revealed that the tm-rich areas 
of the photomicrographs were linked 
together by further tin-nch material 
along sinuous subsurface paths 
In some cases the new method has 
been used where normal metallographic 
methods were very arduous due to 
etching difficulties In such cases, since 
no etching is required for the micro- 
radiographic examination, it was pos- 
sible to obtain evidence of particles 
which, when exammed by optical meth- 
ods, were either obscured or dissolved 
away during the etching 
This discussion should give some in- 
dication of the possibilities inherent in 
the new techmque The method is 
probably not destined to replace the 
well established procedures of metallo- 
graphic microscopy Rather, it should 
be considered that it is a new tool 
auxiliary to the optical microscope 
and that, by proper correlation be- 
tween the two, much new information 
will be gained 


Figure 3. Three 
nucrorodiogrcpht 
of on alloy of 
copper, zinc, ond 
iron Right Token 
(lOOX) With copper 
rodiotion at 30 
kilovolts, this one 
shows segregoted 
iron particles os 
white ogoinst 
0 dork bockground 
Below, left ond 
right Token re- 
spectively with 
molybdenum ond 
cobolt rodiotion ot 
30 kilbvolts, these 
show practically no 
trace of the iron 
porticles 
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FUSTICS 


Conducted by CHARLES A. BRESKIN 


Plastics Plus Metals 


S TART a discussion on plastics and 
metals and in a matter of sec- 
onds the subject is no longer ^^plasUcs 
and metals” but ^plastics versus 
metals ” It is the all too general opinion 
that an advancement for one of these 
materials means a set-back for the 
other 

The long list of products — in large 
part of a military or essential civilian 
nature — m which plastics have re- 
placed metals dunng the last few years 



A pure silver shield, electroploted 
on the plastics housing surrounding 
the coil of this loop ontenna, elimi- 
notes the effects of the operator's 
body ond near>by metal objects, at 
the same time protecting the unit 
under severe operating conditions 


has tended to confirm this opimon And 
it has completely overshadowed the 
fact that these two materials, when 
skilfully combined to take advantage 
of the characteristics of each, provide 
additional outlets for both metals and 
plastics that would not exist for either 
one alone 

A case in point is the plastics-metal 
cylinder which constitutes one of the 
most vital parts of the tire interrupter 
for a ^-caliber machine gun mounted 
on certain Curtiss-Wright airplanes 
Utis device prevents the vtirret gunner 
from firing into his own plane The 
problem was to construct a plastics 
cylinder, approximately eight inches 
long end six inches m diameter, whose 
surface is entirely covered with a 
layer of silver except for one small 
area In the shape of the profile of the 
airplane. When the part is complete 
and installed, an electric current of 


Additional Uses for Both Moteriois ore Supplied by Skilful Application 
of Techniques Now Developing. Metol Cootings for Plastics Take Ad- 
vontage of Characteristics Not Found in Either Moterial Alone. Metol 
Inserts ond Assembly Devices Offer Diversity to the Designer 


about % ampere at 24 volts, supplied 
through a fast-acting relay and 
solenoid, passes through the metal 
layer. The hne of demarcation between 
the plastics and metal surface must be 
very sharp to insure an accurate and 
complete make or break of the electric 
contact when an exploring point passes 
over it 

ELECTRICAL USES— Some of the most 
valuable plastics and metal applica- 
tions have been in the electrical field 
For example, instrument boards on a 
plane must have a metal backing which 
serves as a shield. Until recently, large 
rectangular phenolic laminated sheets, 
with holes of varying sizes cut out 
from a large part of the surface, were 
backed by an aluminum panel Satis- 
factory shielding can now be obtained 
by metal plating the reverse side of 
the plastics pan^ 

In this same field, metal plating is 
now being extensively used in the 
manufacture of intricate commutating 
surfaces, both fiat and cylindrical This 
IS accomplished by moldmg or machin- 
ing grooves in an insulator, then elec- 
troplating the desired metal in these 
grooves until they are filled, and finally 
machining or grinding the surface A 
wide variety of designs is obtained by 
Ibis method — some having grooves as 
narrow as 0005 inch. The need for 
soldered jomts may be eliminated by 
electroplating connectors between spe- 
cified conducting surfaces in the same 
operation. 

In the electromcs field, the sensitive 
loop antennas for direction-finding are 
also shielded by metal plating to elimi- 
nate the effects of the operator and 
nearby metal bodies This type of 
shielding is also found advantageous 
on molded junction boxes, commu- 
tator housings, and conduits m air- 
craft to keep brush arc noises and 
other interference out of the commum- 
cation systems. 

In the civilian field, the combination 
of plastics and metal offers many in- 
teresting examples. The possibility of 
partial plating, of design plating, or of 
covering the plastics entirely hy the 
electrodeposition of metals— deposited 
singly or in such combinations as gold 
and silver over nickel or copper, to 
mention but two combinations — gives 


new latitude to the designer of house- 
hold or personal items 

MtTAL COATING —While these ex- 
amples illustrate the use of metals on 
plastics, not all coating operations are 
carried on in the same manner. The 
methods of ^applying a metal surface 
to plastics can be classified into those 
which apply the metal without electro- 
plating and those which involve elec- 
troplating The former division includes 
metal spraying, metal evaporation, 
cathode sputtering, and chemical re- 
duction to yield a metal film 
In metal spraying, the metal in the 
form of a wire is atomized m a special 
oxy-gas or air-gas gun and blown onto 
the plastics being coated This method 
produces a bnttle coat with a granular 
surface which limits its appbcation. A 
further disadvantage is that each piece 
must be individually handled by an 
experienced operator Another limita- 
tion is the necessity for using a low- 
fusing alloy, such as lead-tin, so that 



Electroplated plostics commutaton 
have no gop between iniulotor ond 
conductor, common in assembled units 


the plastics will not be burned or soft- 
ened. If coatings of other metals are 
desired, they must be plated on top 
of the initial coat. 

Metal evaporation and cathode sput- 
tering methods are relatively expensive 
and are used only in special cases 
where the exact duplication of the 
contours of the underlying surface is 
necessary— as for sound recording or 
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li^ rdlectioii— or ior productton o! 
a film of a metal i^diich cannot be ap- 
plied by other methods. Both methods 
involve the use of vacuum chambers. 

In metal evaporation, the metal is 
contained in a small crucible or is in 
the form of a filament. It is subjected 
to high heat which causes the evapora- 
tion of metal atoms that condense on 
the plastics and all other cool surfaces 
in the vacuum chamber. In cathode 
sputtering, the plastics is placed on or 
near a metal surface which is made the 
anode The metal to be deposited is 
made the cathode Under the influence 
of a high voltage— 10,000 volts or more 
— ^metal ions leave the cathode and de- 
posit on the plastics 

ELECTROPLATING METHODS — When 
electroplating is used, the siuiace of the 
plastics must first be made conductive 
This can be accomplished in several 
ways By applying waxes and then 
coating with graphite; by applymg 
lacquers or varnishes containing metal 
powders, by chemical reaction to yield 
an electrically conducting compoimd, 
or by chemic^ reduction to produce a 
metal film or bond coat. The conductive 
coat is often called the bond coat 

To form the bond coat, application 
of conducting waxes, lacquers, or var- 
nishes 18 the oldest of all the pro- 
cedures, but IS gradually being re- 
placed by other methods which re- 
quire less time or produce more even 
deposits The wax method involves 
coating the object with warm liquid 
wax, allowing it to cool, and then dust- 
ing with graphite or spraymg with a 
graphite suspension Graphite is em- 
ployed because it is attracted by the 
wax The lacquer or varnish method 
involves brushing or spraymg the plas- 
tics with a bronzing mixture which 
contains a relatively large amount of 
copper powder An alternative proced- 
ure is to coat the object with a tacky 
substance and then to rub in a metal 
powder 

The application of conductive chemi- 
cal compounds has mteresting possi- 
bilities, but has not yet proved com- 
mercially feasible One method in- 
volves coatmg the object with shellac, 
then immersing it in a solution of 
silver nitrate in alcohol, drying, and 
exposing it to hydrogen sulfide This 
produces a film of silver sulfide which 
conducts electricity sufficiently well to 
permit electroplating 


The Metaplast process involves the 
production ol silver films by chemical 
reduction and is the most v^ely used 
method today for coating plastics with 
metals. The major application for this 
film is as a conductive coat for electro- 
plating. In this process, the plastic is 
sensiti 2 »d with a solution of stannous 
chloride and dien immersed in a silver- 
ing mixture composed of freshly mixed 
ammoniacal silver mtrate and a re- 
ducing solution, the mam mgredient 
of which is formaldehyde. Many spe- 
cial variations for plastics have been 
worked out 

The electroplating process itself fol- 
lows standard practice with minor 
variations For example, since the con- 
ductive coat is very thin, a very high 
current density cannot be used initially 
on a large piece unless a number of 
contacts are made for distribution of 



CouTteey Paramount Rubber Company 

A plosticf firenum's helmet copper 
ploted by Monroe Aufo Equipment Co 


the current Furthermore, since the 
conductive coat is usually porous, 
highly acid or alkalme plating baths 
are avoided for the ester type plastics, 
such as cellulose acetate 
Metal as a ooatmg on plastics is but one 
of the ways in which these two mate- 
rials can used in combination In ad- 
dition, there is the use of metal for 
inserts in all types of molded plastics 
parts and its use as a decorative inlay 

METAL INLAYS — Among metal em- 
bellishments for plastics, metal inlays 
are important smce any design which 
can be cut from thin stock can be in- 
laid m plastics by one of several meth- 
ods which have been developed for the 
purpose. Inlays may be molded into the 
plaices pieces or they may be put in 
after the piece has been molded — the 


latter procedure having proved to be 
the more popular. 

In one well-known process for in- 
laying metal, the following steps are in- 
volved. A recess following ^e design 
of the inlay is made in file plastics 
material by use of a pantograph or en- 
graving equipment, a thin strip of base 
metal, about half as thick as the depth 
of the recess, is then placed in the 
bottom of the recess; the inlay, which 
is made slightly convex, is placed 
above and supported by the thm metal 
strip, which is harder than the inlay, 
pressure is applied to the top When 
this happens, the base metal causes the 
* inlay to spread out on all sides, per- 
manently locking the inlay in place 

ASSEMBLY DEVICES — There are many 
types of metal assembly devices that 
can be used to fasten plastics pieces 
together or to fasten a plastics piece 
to other materials Which device is 
used in any particular instance de- 
pends upon considerations of strength, 
appearance, and adaptability to mass 
production One method — ^metal in- 
serts molded directly into the materia^ 
—originated almost with the inception 
of the plastics industry 
Threads in molded plastics smaller 
than Vi inch in diameter are nor- 
mally designed for screw machine in- 
serts Above this size, the designer may 
have his choice, the final decision rest- 
ing upon the following rules 

1 Is the assembly to be permanent 
or must the parts be disassembled at 
various times? If it is permanent, i 
molded or tapped hole in the plakic 
will bo satisfactory If not permanent, 
a metal insert is recommended. 

2 Will a continuous substantial 
stress be placed upon the threaded 
assembly? If so, a metal insert is 
recommended If not, tapped or molded 
threads may be used 

3 Must a close tolerance be specified 
for the female thread^ If so, a metal 
insert is recommended. 

4 If a choice is open to the designer, 
which means of assembly is less expen- 
sive? 

On the basis of the answer to these 
questions a designer may use any of 
a variety of devices Ordmarily, ma- 
chine screws are used with inserts, but 
they can also be turned into holes 
tapped or molded directly into file 
places material Metal inserts, ih- 
stead of being molded directly into the 



Instrument panels once mode of phenolic lominoted sheet 
hocked hy oluminum (center) ore being replaced by plastics 
panels that are metal-plated an tha reverse side (left). At 
right is front of new ponel, ploted by Metoplost Corporation 



The successful metol-ploted plostics articles shown here in- 
ciudo handles, a chime frame, a knob ond escutcheon com- 
bination, ond on ontenno most. Tho mast (bottom) is 
mode of compreg ploted with copper Bose of mast it not ploted 
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plastlca, may be pressed into machined 
holes The greatest drawback m the 
use of ordinary molded-ln inserts has 
been the fact that, once molded in the 
material, they cannot be replaced, smce 
removal would damage the parent ma- 
terial. However, a newly developed 
replaceable molded-in insert has over- 
come these difficulties 

When It IS not feasible to have 
molded-m metal inserts, and when 
holes molded or tapped directly m the 
plastics lack sufficient holding power, 
self- tapping or thread-forming screws 
that make their own threads in the 
plastic material can be employed For 
the same reasons, hardened metallic 
drive screws which are hammered, 
pressed, or otherwise forced into a hole 
cored or drilled into the plastic ma- 
terial, may be used to assemble plastics 
parts 

When impact-resisting plastics are 
employed, riveted assemblies often 
prove acceptable Speed-nut assembly 
is not widespread Constituting an en- 
tirely different approach to the prob- 
lem of attaching plastics to other mate- 
rials, speed nuts and clips provide the 
necessary tension after assembly to 
compensate for any creep in the plastic 
material The speed nut is an arched 
spring-steel fastemng device with cam- 
like prongs which gnp studs molded 
integrally with plastics parts 

Teamwork between plastics and 
metals has resulted in some interesting 
developments in a great many fields 
With the experience gained during the 
war period behind them, it is evident 
that tomorrow’s designing engineers 
will turn more and more to combina- 
tions of materials — ^utilizing each for 
its most valuable traits 


• • • 

DYED PLASTICS 

Now Make Use 
of Wafer Dyes 

Dyeing clear plastics is by no means 
new, but use of water dyes is a distinct 
innovation In the past dye usually was 
applied from a solution in acetone di- 
luted with water This dye, however, 
requires the most painstaking care be- 
cause acetone, being a solvent, is like- 
ly to attack the surface of the trans- 
parent plastic sheeting and cause it to 
haze and craze 

Danger of harming the surface of a 
material during the colormg process 
has been mitigated by the Great 
American Color Company’s introduc- 
tion of a water dye which deposits 
color evenly and permanently without 
destroying the surface luster even 
though it IS applied hot 
The dye has been worked out m yel- 
low, nibine, red, sky-blue, royal blue, 
orange, black, amber, scarlet, purple, 
violet, green, and brown It comes in a 
thick concentrate having the consist- 
ency of paste and this paste is instantly 
soluble in water About 12 ounces of 
dye mixed with a gallon of water makes 
a little more than a gallon of the de- 


sired coloring On this basis, one pound 
of dye will color 16 square feet of plas- 
tic material to maximum color strength 

The concentrate is added to cold wa- 
ter, then brought to the proper tem- 
perature for the best dyeing results 
For acrylics the best temperature is 190 
degrees, Fahrenheit, for acetate, under 
140 degrees, Fahrenheit The depth of 
color IS controlled by the length of 
time the piece is submerged in the bath 

SALT-TABLETS 

Dispensed from 

All-Plasfics Unit 

F OR workers m industry, salt tablets 
are sometimes a year-round necessity 
To meet the needs of these men and 
women for an efficient sodium chloride 



It's made entirely of plastics 


tablet dispenser, the Standard Safety 
Equipment Company has produced an 
all -plastics unit which provides protec- 
tion against moisture and dust, resists 
salt corrosion, and stands up under 
hard usage 

Eleven parts — two formed of methyl 
methacrylate and nme of wood-flour 
filled phenolic — ^make up this unit 
Despite the many jomts and junctures, 
tablets are always dry and in good con- 
dition This is because each piece is 
carefully designed to make a perfect 
match with adjoining pieces In fact, 
only one rubber gasket is used in the 
entire unit 

DRINKING CUPS 

Molded of Plastics^ are 

Light and Rustless 

OP the more interestmg civilian 
items to be made of plastics in the 
recent past is a collapsible drinking 
cup Molded in a two-unit, ten-cavity 


die of Tenite II by the Plastic Die and 
Tool Company, these cups have the ad- 
vantage of l^ing extrmnely light in 
weight and impervious to the rust 
that often renders collapsible asetal 
cups useless after a few encounters 
with water These brightly colored 
Zip-sip cups, as they are called, are 
marketed by Plastic Molded Products 

PLASTICS SCREEN 

Outlasts Metal Wire, Is 

Strong and Fire-Proof 

\^BEN our men began fighting in the 
Pacific area they found that they faced 
not one enemy but two Tropical dis- 
ease — carried mostly by insects— threat- 
ened to account for nearly as many cas- 
ualties as enemy gunfire It soon be- 
came apparent that a screen cloth was 
needed which would withstand the rig- 
ors of tropical climate and yet have 
strength and durability at least equal to 
that of metal The answer to this prob- 
lem was finally found in plastics in- 
sect-screen cloth 

Early m 1942, after testing various 
monofilaments, the Chicopee Manufac- 
turing Company — ^well known in the 
cotton textile trade — ^began production 
of millions of square feet of insect- 
screen cloth extruded from a powder 
into a monofilament and then woven 
into a screening from the Saran mono- 
filaments A unique feature of this com- 
pany’s weaving process is the fact 
that standard textile equipment com- 
mon to ordinary cotton textile opera- 
tions IS employed Because of differ- 
ences in characteristics of the plastics 
material as compared to cotton, some 
adjustments and modifications of the 
machinery have been necessary 'The 
warp can be prepared on a warp beam 
or the warp filaments can be brought 
into the loom directly from the creel 
(the racks on which the spools of fila- 
ment used in the warp are placed) This 
latter method, however, has distinct 
limitations because of the large amount 
of space required. In either operation 
no sizing of the warp is necessary 

The screen cloth now being used by 
the Navy, for such applications as tents 
IS woven in 20 mesh and in a 29-inch 
width 

The success of this plastics in malaria 
control is attested by the fact that, by 
request of the Bureau of Medicine and 
Surgery of the Navy, it is now installed 
in the side walls of tents in the Pacific 
area Experience to date has shown 
that this screemng will outlast the tent 
canvas to which it is sewn as well as 
any type of metallic screening which 
has been used thus far in the Pacific 
area 

An unforseen virtue relates to the 
material’s flame-proof qualities The 
canvas used for the tents is treated with 
a fire-proofing compound during the 
process of manufacture However, when 
subjected to repeated rains, this com- 
pound has a tendency to wash out — and 
the tent will bum to some extent. How- 
ever, It has been discovered that If the 
bottom part of the flap to which the 
screen cloth is sewn does catch on fire, 
the flames will be halted when they 
readi the plastics material 
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MOLDING COMPOUNDS 



WORTH GETTING «*STEAMED.UP’' ABOUT 



MAKING THE DUCK LOOK LIKE A PIKER 


' Like water off a cluck’s back" doesn t half describe the 
waterproofness of a Durez 12688 bond This loom tern 
perature resin adhesive which sets at 75° F was developed 
especially for assembly gluing and is completely impervi 
ous to water — whether it be ice-cold or boilmg-hot In 
fact, bonds produced with Durez 12688 aie just as water 
proof and durable as those in hot pressed plywood This 
remarkable resin opens up many new fields of which lam 
mated lumber, keels, pi efabneated housing, and frame- 
work parts for aircraft, boats, and buildings are but a few 


Ideal for home and hospital use, the Spartan (Minneapolis) 
vaporizer is a brand-new development in humidifying 
equipment Entirely automatic, this streamlined product 
holds a full half gallon of water and gives off steam im 
mediately, even though the water is ice cold The unusual 
design and ingenious meclianical principle of this unit 
typify the progress being made by American industry in 
developing new products and improving old ones with 
Durez phenolic plastics The unusual versatility of the 
more than 300 Durez phenolic molding compounds has 
resulted in their extensive use by manufacturers in prac 
tically all fields of industiy Then outstanding pioperties, 
such as excellent moldabihty, diversity of finishes, dielec 
trie strength, and resistance to moisture, heat, acids and 
alkalies, render them invaluable to the progressive man- 
ufacturer with post victory markets in view 


OIL SOLUILE RESINS 



HEADACHE CURE FOR A TAP DANCER’S WIFE 

Durez phenolic resins lend toughness, mar-proofness, gloss 
retention, soap resistance, and fast dry to floor paints 
make for virtually indestructible floor finishes The remark- 
able properties which these Durez phenolic resins impart 
to paints, varnishes, and enamels, lender them invaluable to 
the manufacturer with a weather-eye on the future 


Although the above constitutes but a 
brief glance at the vast scope of Durez 
operations, it nevertheless may sug- 
gest an idea to the imaginative mind 
of a scientist. Durez technicians wel- 
come intelligent ideas which may lead 
to practical industrial applications of 
Durez phenolics As a matter of fact, 
they have actively participated in the 


successful development ot many such 
ideas during the past quarter century 
Because of the unusual versatility of 
Durez phenolics, this has been on a 
scale that is practically universal 
throughout industry Durez molding 
compounds, industrial resins, and oil- 
soluble resins are all the result of in- 


tensive research research which is 
carried on continuously so as to insure 
the leadership of Durez phenolics m 
their respective fields For further in- 
formation, write to Durez Plastics & 
Chemicals, Inc , 5:24 Walck Road, 
North Tonawanda, N Y 
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ENGINEERING Conducted by EDWIN LAIRD CADY 


Partners In Production 


A Series of Pincers Attacks by Mechanicol Engineers ond Metollurg- 
ists Hos Resulted in High-Speed Copper Machining, Better Band Saws, 
Tougher Cams, Improved Metollizing Methods, ond o Number of Other 
Industrially Important Developments — And the End Is Not Yet in Sight 


F or a great many years, no one tried 
to machine copper if he could 
avoid it The tools would cut all right — 
tool steel will go through copper like so 
much cheese But the trouble was that, 
unless production speeds were kept 
low, the copper would tear at the cut 
surface Threads intended to be smooth 
would have jagged edges or even be 
stripped from the work on which they 
were being produced Contours would 
be pitted and gouged Work would be 
spoiled 

Mechanical engmeermg never stopped 
trying to lick this problem Copper re- 
sists corrosion so well and is such a 
good conductor of both heat and elec- 
tricity that it was needed in machined 
forms in plenty of assemblies 
Tools were ground to one rake angle 
and then another, various combinations 
of machining speeds and feeds were 
tried, cutting oil research men con- 
tributed all they could Slowly the 
ability to machine copper was im- 
prove But it was not improved 
enough to make machined copper parts 
as useful to industry as they might be 
While the mechanical engineers 


were doing all of this work the metal- 
lurgists were busy, too In fact, copper 
machining was to 1:^ one of those classi- 
cal examples of a pincers attack upon 
a production problem — the mechanical 
engineers operating one jaw of the 
pincers and the metallurgists the other 

TELLURIUM HELM — Metallurgy found 
that alloying tellurium with the cop- 
per would improve the madhining 
properties In one case a production 
machine which had been running at 
924 revolutions per minute while ma- 
chining copper was stepped up to 1161 
revolutions per nunute by changing the 
stock to Revere tellurium-alloyed 
copper, with no change in the value of 
the product 

This is more than a 25 percent in- 
crease in speed In peace-time, with 
the time of a production machine 
worth from $2 to $5 an hour, such an 
increase would be worth from to 
$125 an hour for every machine used 
on this operation — ^it could be worth 
from $1000 to $2500 a year for each 
machine And in war-time, this means 
that four machines will do the work 


for which five formerly were required, 
thus freeing the fifth machine and its 
operator for other badly needed work, 
or that copper parts desperately needed 
at the firing lines can arrive there 25 
percent faster. 

At this point the mechanical engmeer 
stepped m again The machine was ad- 
justed to increase the feed; the tools 
were re-ground to produce a finer fin- 
ish. Soon the machine was turning out 
63 pieces in the time formerly needed 
for 36 And this was not the end The 
machine in use was turning as fast as 
its gears and spmdle bearings would 
jpermit and was cutting as deep as its 
motors had the power to force the 
tools Only stronger, faster, more 
powerful machines will fmd out all 
that tellurium in the copper can do for 
this operation 

These more powerful machmes are 
available If they were not, then new 
ones would be designed. For this is the 
nature of the co-operation between 
mechanical engineer and metallurgist 
Each m turn improves his work until 
he poses a serious problem for the 
other The mechanical engineer will 
bring out a machine to cut tellurium 
copper faster than the metal can **take 
it,*’ then the metallurgist will bring out 
another alloy which is better than the 
machine, and in a few years the ma- 
chining of copper will be no problem 
at all 

SAWING METALS—Metal-cuttmg band 
saws are another example of what hap- 
pens when metallurgists and mecham- 
cal engineers make a pincers attack 
on a problem 

More than 15 years ago the metal- 
lurgist brought out a specially tough 
and strong steel which would permit 
metal-cutting band saws to be narrow 
enough for contour cutting There were 
limits to the speeds at which cuttmg 
could be done. The saw teeth would 
not clear themselves of chips if travel- 
mg at too many feet per minute 
through the work 

Mechanical engineering designed a 
Buttress ty^ saw tooth whidi would 
clear itsell Ihe saw is of coarser pitch 
(has fewer teeth per inch of 
than the types formerly in use With 
coarser pitch the deep, sharp gullets 



Thif rolltr-heorth copper broxing furnoce let 4p in o Noih-Kelvinotor foctory 
tt one more exomple of mechonicol engineering's help to fobricotors of metal 
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In a wind tunnel an AERONAUTICAL 
ENGINEER uses a 40,000 horsepower 
electric motor to create a 400-miIe-an- 
hour tornado for testing war planes. ' 

. . .the name on the MOTOR is JVestinghouse. 


In a factory a WORKER assembles 
delicate bomb-sight parts in air made dust- 
free by the Precipitron* electrostatic 
air cleaner. 

. . .the name on the PRECIPITRON* ts fVestinghouse. 


In a penicillin plant a SCIENTIST uses 
a Stenlamp* bactericidal tube to protect 
this life-saving drug from contamination 
by air-borne bacteria. 

. . . the name on the STERILAMP* is fVestinghouse. 


On America’s largest aircraft carriers 
the NAVY uses steam turbines which 
make our carriers the world’s fastest. 

...the name on the TURBINES ts fVestinghouse. 

TODAY — These are some of the ways in which Westinghouse 
products are serving in the war effort. 

TOMORROW — Existing and new products of Westinghouse 
research and engineering will serve industry and the home. 

*TRAOCMAflK RCC U • rAT Orf 

Tunt itt. JOHN CHARLES THOMAS— Sumdap 2 JO fm, Ett'T, NBC TED MALONE— Mon . Tufi . tf'td Evtnxne, Bint Nttvnrk 
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between the teeth coiild be eluninated 
This made the saw stronger, permitted 
the saw maker to take more advantage 
of the strength of the steel which the 
metallurgist had given him 

Now the engmeers had a saw capable 
of working at far higher feet per min- 
ute, but did not have a machine to pull 
it The design and research men solved 
this problem, too They had to make 
their machmes more accurate than 
ever before, put more power at the 
command of the machme operators, 
and, beyond anything else, get rid of 
all vibrations But they got their ma- 
chines 

Soon the saws were working at 4000 
feet per mmute, and 5000, and even 
10,000 This opened brand new fields 
to straight line and to contour band 
sawing 

No one knows where the limits of 
this improvement will be While the 
mechamcal engmeer is finding out 
what can be done with his faster saw- 
ing speeds the metallurgist is peering 
over the shoulder of the saw operator 
and dreaming up a new kind of saw 
steel which will make the engineer go 
running to his drafting board to work 
out a still more powerful machine 

Welding IS another field in which 
the mechanical engmeer and the metal- 
lurgist are pinching off problems 

The manufacturer of a mechamcal 
refrigerator wanted to have mtricate 
shaped but rust-free condensing units 


Brass was one material which would 
not cost much, could readily be stamped 
or drawn mto the desired shapes, and 
would not rust 

But could the brass parts be fastened 
together by any such inexpensive 
method as stitch welding^ The refrig- 
erator engineers put this problem up 
to the metallurgists of a copper and 
brass company. 

Stitch welding depends upon the 
generation of heat by electrical resist- 
ance in the materials to be welded 
Ordinary brass would not do; it would 
generate far too little heat for welding 

The metallurgists solved this by 


putting a little silicon into the brass 
This gave the metal all the electrical 
resistance needed and did not harm 
the rust resistance nor create any 
problems for the brass forming ma- 
chmes In fact, the brass now can be 
welded at hi^er production speeds 
than the welding machmes are pre- 
pared to handle And so once more the 
metallurgist has put the engineer on 
his mettle 

METALLURGY IMPROVES CAMS-^ontrol 
mechanisms for automatic machines 
are less costly to vary now that the 
metallurgist has taken his part in the 
production of them. 

Many automatic controls are actu- 
ated by cams Cams accordingly are 
found on automatic screw machmes, 
woodworking machines, candy-making 
machmes, bnck-making equipment — 
it would be a rare factory which had 
none of them Their odd shaped con- 
tours are easy enough to design The 
trouble is that these contours often 
must be accurate enough so they will 
actuate motions which are figured out 
to several decimal places This means 
expensive machimng processes if those 
contours are to be generated from 
solid round or square pieces of metal 
And with just a little wear many of the 
cams would be useless Hence they 
must be made of hard, tough, abrasion- 
resisting materials which are difficult 
to machine 


Metallurgy stepped into this difficult 
situation with an air-hardening steel 
which can be cast to shape Cam 
shapes from companies like Allegheny 
Ludlum Steel Corporation are cast so 
accurately that, even though they have 
both interior and extenor working 
surfaces so that several cam followers 
will move simultaneously along differ- 
ent parts of the same cam, the machine 
builder or the repair man can finish 
his cam by removing less than one 
eighth of stock from any working 
surface of the casting. Better still, this 
steel ihardens with very little distortion 
and Is extremely resistant to abrasion 


One result of this is to lead the 
medianical engineer to design more 
intricate cam-actuated controls. He 
knows that the cams can be made 
cheaply enough so their cost will not 
make his machine too high in price 
Another result is to permit the pro- 
duction engineer to step up his operat- 
ing speeds, and to redesign his cams 
for more exact controllmg of special 
machine indexing and other motions 
He knows that he can replace his cams 
at low enough cost — if indeed these 
tough cast alloys wear out and need 
replacing — so he dares to work to 
unusual accuracies and to place heavy 
loads on these mechanisms 
When the mechamcal engineer has 
gone far enough in these directions he 
will be demanding still tougher and 
stronger cast cam shapes But then, 
with metallurgy developing as it is 
right now, he will be gettmg them 



Courtesy Westlnghouse 
Hipersil steel is here being cut in 
0 slitting machine for use in trans- 
formers, saving other scarcer metals 

even before he is leady to use them 
Cast to shape tool steel dies, such as 
those made by the Jessop Steel Com- 
pany, are a similar case They take 
some of the worst burdens from heavily 
overloaded tool rooms Punch press 
dies can be replaced at minimum cost, 
the fear that these dies might be mis- 
handled and ruined disturbs the sleep 
of production men far less than it 
used to And tool and die troubles do 
not stand in the way of planning foi 
low cost stamping, drawing, or extrud- 
ing, the way they formerly did The 
cast to shape electric tool steel dies can 
be finished with a minimum of ma- 
chining operations, then hardened, and 
they are ready to mount 
Cast to shape punches, special rolls, 
knives, and other tools are figuring in 
hundreds of war product reconversion 
plans, thousands of post-war schemes 
Somewhere along the line the me- 
chanical engmeers will ask for qualities 
which present cast tool steels do not 
have 

METALS IN WRAPS — Coated metals 
such as the copper coated strip steel 
made by the Tbomas gteel Company, 
are results of dual attacks by metal- 
lurgists and mechanical engineers. The 
metallurgists worked on the alloys 
and the means of making those alloys 



Operating pulpit of a continuous strip mill in o big Bethlehem Steel plont 
Metallurgy developed o steel uniform enough to be rolled in this woy while 
mechonical engineering worked out the mochinery and the temperature controls 
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STEEL AND CEAHE CO. 
STAETES TOQETHEE 

Ninety years ago, when R T Crane opened his little foundry, men were 
just learning how to convert iron— that age-old metal— into steel. 

It is an interesting coincidence that the first patents for making steel 
were granted in 1855— the year R. T. Crane founded his business At 
that time few realized the tremendous part this newly developed metal 
would play in America’s great industrial expansion. 

It is a far cry from the simple little charcoal-burning converter of R. T. 
Crane’s time to the giant steel mills of today. And during the years that 
saw this growth, Crane Co. grew, too — providing valves and fittings 
that were essential to the vast industrial expansion of the last 90 years 
Today modern industry is inconceivable without valves, fittings and 
pipe. Crane — the world’s largest manufacturer of piping equipment — is 
a familiar name wherever water, steam, air, oil or gas flows. No matter 
what the piping system. Crane can equip it 100%. 

CRANE CO., 836 South Michigan Avenue, Chicago 5, Illinois 


.j 

Above, reproduced from an 
old steel engravsng, is one 
oj the first successful con* 
verters constructed during the 
last half of the 19th century. 






VALVES • FITTINGS • PIPE 
PLUMBING* HEATING • PUMPS 


BRANCHES AND WHOIBSALERS SERVING All INDUSTRIAL AREAS 
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apply hard auHaca coatings and stain- 
less steels and bearing metals. Engi- 
neers added lathe tech^ues, tumbling 
barrel methods, and others to handle 
die parts being sprayed Deep thread- 
ing of parts so that die sprayed metals 
could take better grips and fusing 
welding rod to hard surfaces to help 
the sprayed metals to take hold, are 
recent helps which the engineer has 
given the metallurgist But the metal- 
lurgist has new alloys coming along; he 
soon will be opening new opportunities 
to the mechanization of metallizing. 

At Westinghouse, the mechanical en- 
gineer has developed a ^'millionth of a 
second*’ x-ray photographing techmque 
for studying machine parts in action 
High speed engine valve stems, for ex- 
ample, are “shot” while in full speed 
operation From such pictures the 
engineers will redesign the valves to 
give more strength where strength is 
needed, take out some of the weight, 
stiffen a section here, and overcome 
the tendency to bend and distort else- 
where 

Attacking the same problems as 
revealed by the same pictures, the 
metallurgist will show how to make 
the same improvements and get better 
results by changing the alloys and the 
heat treatments. Metallurgists and en- 
gineers will share the problems between 
them, and each will challenge the other 
by giving him new opportunities to 
apply his art 

Such IS the path of mechanical prog- 
ress. The mechamcal engineer makes 
one kind of attack on a problem, the 
metallurgist another Between them 
to the problem is reduced 




cling together, the mechanical engi- 
neers product the rolling and the 
coating equipment 
Now that they are here, the coated 
metals are finding no end of uses. Put 
two pieces of copper coated steel to- 
gether, apply heat, and a brazed Joint 
IS produced to make a corrosion- 
resistant assembly Steel is especially 
coated to improve welding, soldering. 



Mechonicol engineering mode possible 
these hot pressed forgings produced 
by the Americon Bross Compony They 
hove mony advantages over castings 

tinning, and plating Lead coated steel 
can be drawn to unusually fine dimen- 
sions 

Metallizmg (spraying of molten 
metal) is constantly fiindmg new uses 
with the help of metallurgists and 
mechamcal engineers 
When the process first arrived some 
25 years ago, only a few low melting 
pomt metals such as aluminum and 
tin could be sprayed But mechanical 
engmeers went to work on improving 
the metal heating and spraying equip- 
ment, and metallurgists brought out 
special alloys which sprayed well 
Soon the process was being used 


MAINTENANCE 

Cosfs Railroads Far 
More than Factories 

Railroad maintenance bills for the 
nation as a whole run from 28 to 30 
percent of total railroad income This 
is just ten times as high — ^percentage- 
wise — as the 3 percent or less which is 
common to large factories 
The total mam line railroad main- 
tenance bill for 1943 was $2,546,309,009 
This IS as big a target as modem mam- 
tenance-reducing products ever have 
had to shoot at Reduction of this bill, 
both percentage-wise and dollarwise, 
will keep the best mechamcal engmeer- 
ing brains of our nation busy for many 
a post-war year There is practically 
no mechanical product which railroads 
do not buy and use, and therefore al- 
most every industry will find a market 
for its most durable products m the 
idilroad field 

GLASS INSULATION 
increases in Use 
Through New Applications 

In trx pre-war year of 1938, Westing- 
house Electric and Manufacturing Com- 
pany used 138,000 worth of fiber glass 


for coil insulation In 1944 this company 
used $1,500,000 worth Nearly all the 
increase was due to new applications, 
only a little bemg accounted for by 
greater use for old applications 

Glass insulation is permittmg the 
manufacture of dozens of special motors 
which could not operate if insulated 
with the materials formerly used Main 
benefit of the glass is to allow the mo- 
tors to operate at higher running tem- 
peratures 

INSPECTION TOOL 

Provided by 

Torque Wrench 

T ORquE wrenches have scales built in- 
to them by which their users can tell 
the exact amounts of torque which are 
applied in tightening nuts Use of 
these wrenches has added high degrees 
of precision to the assembling of auto- 
mobiles, aircraft, and fine machmes 
But the wrenches are slow, as any 
hand tools must be Therefore, as- 
sembly departments have built auto- 
matic torque control devices mto elec- 
trical and other powered nut runners, 
screw-drivers, and similar devices for 
applying threaded fasteners 

The trouble is, these devices do not 
have human intelligence They will 


atop turning the threaded device at a 
pr^tennined number of pounds or 
ounces of torque but they can be 
fooled by a speck of rust on the 
threads, a chazige in the amount or 
lubricity of the oil on the threads, 
slight ^roughness on a surface, and 
the like, 'i^ey do not always tighten 
the threaded devices to exactly even 
tensions. 

An answer to this is to use powered 
wrenches for assembly and manual 
torque wrenches as inspection tools 
The inspector may check up every nut, 
bolt, or screw on an assembly, or he 
may spot-check a few of them 

Back of the torque wrench is the 
mechanical instinct, the ^’feel,” the 
personal know-how of the inspector 
It is the old story of mechanical de- 
vices never displacing the craftsman, 
but merely taking from him the 
drudgery tasks and moving him along 
to the work which takes brains as well 
as training 

MATERIALS HANDLING 

Expedited by Use of 
New Angle Rails 

OuiDiNG of dollies, trucks, assembly 
stands, and other wheeled materials- 
handling devices to the exact loca- 
tions desired has long been a mate- 
nals-handling problem. 

If these devices were wheeled along 
the floors, they tended to create ruts, 
spall out, or otherwise break up 
patches of hard flooring materials and 
do other damage Furthermore, they 
could be deflected from straight-line 
travel or be spotted in such locations 
as to be hazards to workmen or inter- 
ferences to aisle traffic 

One answer to these problems has 
been to roll the wheels on steel tracks 
But the tracks brought problems of 
their own 

An answer to these problems, pro- 
vided by the Bassick Caster Company, 
is a flat strip of steel with an angle 
iron welded apex-upward to one side 
of It When the strip is laid on the 
floor the angle iron becomes a sloping 
sided track on which grooved wheels 
can run. 

The grooved caster wheels can have 
wide enough treads on both sides of 
the grooves so they can be rolled on 
floor as readily as on the angle irons 
Thus trucks which move along these 
tracks can be removed and rolled to 
places which the tracks do not reach 

The tracks are not dirt-catching 
hazards, due to their sloping sides they 
offer little tripping hazard to work- 
men; other wheeled traffic can be 
moved across them 

These angle-iron tracks with the 
grooved caster wheels to run on them 
are not “cure-alls” for wheeled fac- 
tory traffic. There still are plenty of 
matenals-handlmg problems which 
are best solved by wheels that roll 
directly on the fiat fioors, plenty td 
others for which the fiariged wheel, 
which IS certain to keep on the track, 
will be preferred. But in these days of 
dolly and truck assembly-line metboda, 
this new angle on wheeled traffic con- 
trol is finding plenty of use 
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AND FORESIGHT ON THE PAYROLL SAVINGS PLAN! 


In youi* wholehearted support of the 
Payroll Savings Plan, you are doing far 
more than backing the most valid system 
of war financing— and building a power* 
ful dam against the onrush of dangerous 
inflationary dollars. 

By encouraging the all-out participation 
of your employees in this greatest of all 
savings plans, you are helping to create a 
sound economy for post war days. 

With this same plan, you are assisting 
working America to build a mainstay 
against the inroads of unemployment 
and want — to save for homes, educa- 


tional advantages and old age comforts ! 

You and your employees, throu^ mutual 
cooperation in this forward-looking plan, 
are gaining a new and closer understand- 
ing— the cornerstone of a firmer, mutually 
profitable relationship! 

National benefits, too, follow the “All 
Out” effort you are making! The pros- 
perity of our United States rests on the 
economic stability of both management 
and labor. Your Payroll Savings Plan is 
working constructively toward the assur- 
ance of both! 
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IN OTHER FIELDS 


Conducted by The Stoff 


Drawing It Out Fine 

Wire Drawing Today Is a Complex Series of Precise Operations Which 
Depend Upon Accurate Dies and the Careful Regulation of Lubriconts 
and Drowing Speeds The Drawing of Fine Wires Necessary in Many 
Electronic Devices is Expected in Itself to Grow into a Ma|or Industry 


By ROBERT L ZAHOUR 

Technical-Commercial Manager Wire DIvImou 
N orth American Philips Company Inc 


W IRE DRAWING IS an ancient skill 
The monk, Theophilus, writing 
about 1000 years ago, described a wire- 
drawing die in these words ‘*Two pieces 
of iron, three or four fingers wide, 
smaller at the top and bottom, rather 
thin, pierced with three or four rows 
of holes through which wire may be 
drawn In those days the work was 
performed on crude wooden draw 
benches Where heavy gage wire was 
being drawn, the pulling was accom- 
plished by a shaft or drum driven by 
a water wheel, capstan, or a system of 
hand levers Finer wire was drawn 
through a die by hand from one drum 
to another Small dies were made by 
piercing holes of desired shape and 
diameter in a steel plate Larger ones 
were made m two metal sections held 
tightly together with metal bolts But- 
ter or lard was used for lubncation 
By 1270 AD, eight wire-drawmg 
establishments were operating in Paris 
Apprentices learning the art worked 
for 12 years without pay before they 
were rated as masters of the trade 
Even thep, the law would piermit them 
only to manufacture wire in Paris and 
sell it within the borders of France 
Much of the drawn wire was used in 
making sleeves for coats of mail worn 
by knights 


In 1350 A D , Rudolph of Nuremburg, 
Germany, established a wire-drawing 
mill which he extravagantly claimed to 
be the first in the industry The modem 
industry of wire drawing, however, 
began in Denmark in 1564 when Queen 
Elizabeth and Queen Anne authorized 
wire-drawing nulls in order to make 
pins for the royal household Earlier, 
pins had been hammered from thm 
metal strips 

In America, the wire -drawing indus- 
try began in 1666 when Nathamel Rob- 
inson of Massachusetts applied to the 
Commonwealth for financial assistance 
and permission to start a mill He was 
turned down Similarly, in 1667, Joseph 
Jenks applied and met with a refusal 
In 1775 Nathamel Niles set up the first 
wire-drawing mill in Norwich Two 
years later, White and Hazard started 
a plant in Pennsylvania From that 
time on, the industry progressed rapid- 
ly throughout the nation Today, wire 



This Scott totter meosures the elofigotion ond tensile strength of fine wire 


rangmg from heavy cable to sizes be- 
low 001 (made of various metals and 
alloys) has become a vital part of our 
daily life 

DRAWING FINE WIRE — Many critical 
factors must be considered when fine 
wire IS drawn accurately and uniform- 
ly round to narrow physical and elec- 
trical tolerances In general, these fac- 
tors cover selection of proper lubri- 
cants and diamond dies, careful regu- 
lation of drawing speeds and annealing 



A long channel die is used for drow- 
mg fine, hard wires The one shown 
here is magnified about 40 diameters 


processes, as well as exacting deter- 
minations of draft — reduction — of diam- 
eter Many refinements have been 
made to accomplish greater precision 
in physical and electrical character- 
istics of fine wires This is particularly 
true where narrow tolerances must be 
met in electronic applications A mod- 
em motor-driven machine for draw- 
ing fine wires is equipped with 16 or 
more dies arranged in alternate series 
Wire to be drawn is pulled through the 
dies by means of coned pulleys and is 
spooled at its smaller diameter— all 
withm A few feet of space For some 
types of fine wire the draft (or reduc- 
tion) through each die is approxi- 
mately 0003 mch. One machine, for ex- 
ample, can draw from .0046 inch to 
0012 mch at a speed of nearly 3000 
feet per minute However, this toler- 
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remr/c fmms 


yy/.'\\i WAR SURPLUS 

LENSES"' PRISMS 



X A IM K 



Complet# tct mounted component! Rugged, 
Mrong, ongmelly constructed for U S Tank 
Corps Consists of 2 fine Penscope Mirrors 
mounted in metal and plastic Only plywood 
body frame is reouired to finish this except 
Clonal Penscope Use to see over the heads 
of crowds, fish under wat^r, high or low 
gauges, inspection of machinery without 
climbing, for examination of hot metals with 
out danger to eye or camera, etc First sur- 
face mirror (worth ^3 00 by itself) is well 
protected by glass windows Set weighs 2% 
lbs Overall length of mount 6^^", width 
2V^'' Would retail at ^40 to ^50 
Stock #700-S ^3 00 Complete Set Postpaid 


ATTENTION ALL AMATEUR 
TELESCOPE MAKERS 

An exceptional opportunity to secure a large 
variety of optical pieces (seconds) in varying 
stages of processing— ‘from raw optical glass to 
partially finished Most pieces have been molded, 
some finished on one side Diameters up to at 
least 3 inches Good variety of prism blanks in 
eluded, bulk packed Refractive indexes from 
1 9110 to 1 6490 but not identified Most cronvu 
glass — some flint Sold **as is’* but with our 
usual guarantee of full satisfaction or money re- 
funded Excellent for educational uses, for prac 
ucing and learning optical grinding and polish 
ing Stock #703 S 9 lbs (mmimum weight) 
19 00 Postpaid (Most shipments average weight 
over 7 lbs ) 

Perfect Mounted Achromatic Lens in threaded 
mount Diameter of lens is 1% inches, F L 
9’/2 inches 

Stock #6090 S 00 Postpaid 

PERFECT ACHROMATIC (CEMENTED) 
TELESCOPE OBJECTIVE LENS Dumeier 
1 Va inches Focal Length 20 inches 
Stock #6091 S Price ^9 00 Postpaid 

Scoop! CONDENSING LENS SET for 39 mm 
Projectors or Enlargers Crown optical glass 
eplantic, diameter 92 mm F L 88 mm Set 
comprises 2 lenses 

Stock #4019 S 12 00 Postpaid 

WAR BARGAINS IN LENSES USED IN 
NAVY'S 7 POWER BINOCULARS 

KELLNER EYEPIECE LENSES with F L of 
27 9 mms Comes uncemented with free cement 
and easy directions Edged Field Lens has dia- 
meter of 26 mms and edged Bye Achromat a 


diameter of 17 mms These are excellent for all 
Rorts of telescopes 

Stock #6061-S— Uncemented but Edged — ^1 29 
Postpaid 

ACHROMATIC OBJECTIVE LENSES with 
h L of 193 mms Have wider diameter than 
those used^ in Army’s 7 power binocular Excel 
lent for telescopes Diameter of edged lenses 
are about 92 mms 

Stock #6064-Si— Edged end Uncemented— Price 
79 

COMPLETE SET OF LENSES AS ABOVE 
AND THE PRISMS TO MAKE A MONOCU 
LAR (TELESCOPE) 

Stock #9100-S Monocular Set {19 00 Postpaid 

LENS SET 120 S ’'The Experimenter’s Dream” 
60 LENSES with 90 page illustrated booklet 
”rUN WITH CHIPPED EDGE LENSES”— 
110 00 Postpaid 


WAR SURPLUS ACHROMATIC LENSES 
Focal 


Diameters Length 
Stock in in 


No 

MMs 

MMt 

Comments 

Pnee 

6016 S 

12 

80 

Uncemented 

30$ 

6017 S 

12 

80 

Cemented 

50$ 

6018-S 

15 

41 

Uncemented 

40$ 

601 9-S 

15 

41 

Cemented 

60$ 

6020-S 

18 

49 

Uncemented 

50$ 

6021 -S 

18 

49 

Cemented 

60$ 

6022-S 

25 

95 

Uncemented 

50$ 

6023-$ 

25 

95 

Cemented 

75$ 


FREE Cement and Directions included with 
all uncemented Sets 

USBSi— Uso these lenses for making pro- 
jecting lenses, low power microscope ob- 
jectives, corrected magnifiers, substitute en- 
larging lenses, eye-piece lenses, macrophotog- 
mpfiXi gadgets, optical instruments, etc , etc 


The variety of lenses in this set will enable you 
to conduct countless experiments and build many 
optical gadgets 

90-PAGB ILLUSTRATED IDEA BOOKLET 
^1 00 Postpaid 

Describes wide variety of uses for our lenses and 
contams much information especially designed 
for beginners in optics 

All Items Finely Ground end Polished but Edges 
Slightly Chipped or Other Slight Imperfections 
which We Guarantee Will Not Interfere with 
Their Use Come Neatly Packed and Marked 

YOU CAN EASILY MAKE Telescopes, Mag 
nifiers. Photographic Gadgets and Hundreds of 
Experiments with these Low Cost Lenses 

To translate millimeter measurements, 29 4 mm 
equals one inch 

MICROSCOPE OBJECTIVE LENS SET — 
Stock #6093-S 112 00 Postpaid 2 Cemented 

Achromatic Lenses (color corrected) which may 
be combined to make a microscope objective 
lens with a focal length of Vi inch Use these to 
make a microscope for micro photography 

REDUCING LENS SET — #1004-S $1 20 
Postpaid Two big Lenses, 1%” and 2” m die 
meter Will make objects look smaller than they 
actually are 

39 MM FILM ENLARGING LENS SET- 
Stock #6097 S 90 Postpaid Consists of 2 
Achromatic Lenses to use at a speed of about 
F 8 These make a good substitute until Anaatig- 
mat Enlarging Lenses again become available. 

TANK PBISMS 

90 49-49 degree prisms of huge sixe— 9^” 
long, 2Vk'* wide, finely ground and polished 
Used to build a Penscope excellent also fer 
experiments, classroom demonstrations at high 
schools, colleges, camera clubs, astronomy clubs 
Some of our ingemous customers have used 
these Prisms to make camera stereo attachments, 
photometer cube, range finder, etc Normally, 
these Pnsms would retail from about $24 to $30 
each 

Stock #3004-S SILVERED TANK PRISM— 
Pnee $2 00 each Postpaid Illustrated Booklet 
on Pnsms included FREE 

Stock #3009-S PLAIN TANK PRISM — 
Price $2 00 each Postpaid This one is excellent 
for projecting all the colors of the spectrum 
Illustrated Booklet on Prisms included FREE 

FOUR TANK PRISMS— Special— $7 00 Post 
paid This IS the most sensational bargain we 
have ever been able to offer 


ORDER BY SET OR STOCK NO. • SATISFACTION GUARANTEED 

EDMOND SALTAGE COHPANT 

27 W. CLINTON AVINUE DEPT. 7, P. O. AUDUBON, NEW JERSEY 
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able reduction will vary, depending 
on the hardness characteristics of the 
metal alloy In general, fine wires have 
a small reduction per die while larger 
wires are given heavier drafts 
Since some wire alloys harden faster 
and create more heat and die-wear 
than others as they pass through the 
dies, hard alloys must be drawn at 
spe^ slower than those for soft duc- 
tile metals. For this reason, drawing 
speeds for different wires vary from 
100 feet to 5000 feet per minute 
Accurately drilled diamond dies are 



An operotor threads wire through one 
of the severol diamond dies on a mod- 
ern power-driven wire drawing machine 


carefully selected for the type of wire 
to be drawn (hard or soft), and are 
held in rectangular boxes constructed 
to permit constant circulation of 
pumped lubricant around each die 
This method mimmizes die wear since 
it provides constant and thorough 
lubrication of the dies at all times and 
carries away much of the heat gener- 
ated during the drawing operation 

COLD WIRE DRAWING— With the ex- 
ception of molybdenum and tungsten, 
most fine wire alloys are drawn cold 
In other words, they are given no pre- 
heating auxiliary treatment before the 
wire enters the die Careful prepara- 
tion of dies and selection of effective 
lubricants is therefore extremely im- 
portant Here are a few pertinent facts 

(1) In monufacturmg diamond dies, 
a great deal of attention is given to 
drilling the channel For drawing hard 
alloy wire, the channel is made long 
and narrow For softer, more ductile 
metals, the channel is short and wider 
Care and skill must be applied in shap- 
ing the channel so that wire of a 
given hardness can be drawn with the 
least die-wear and wire breakage 

(2) In drawing fine wires of 002 
mch diameter and smaller, the re- 
4uction seldom exceeds 0002 to 0005 
inch for each die Particularly where 
ductile metals are involved, heavier 
drafts may develop non-uniform diam- 
eters due to excessive elongation or 
stretch 

(3) Channel walls of the die must be 
policed smooth must be abso- 
lutely circular A die that is defective 
m tlus regard will impart a rough, 
scratched surface to the wire and pro- 


duce wire of non-umform diameter 

(4) Use of pr^ier lubricants is ex- 
tremely important so as to avoid rapid 
die-wear, heating, and hardemng of 
the wires drawn In drawing wire of a 
large diameter, fatty or heavy oil emul- 
sions are used For fine wires, light 
lubricants (such as soap and water) 
are constancy applied Hence, the size 
of wires drawn, thek degree of alloy 
hardness, and drawing speeds all have 
a defimte bearing on the choice of 
lubricant 

(5) Some alloys harden quite rapidly 
after passing through a few dies For 
this reason, the wire will soon break 
if not annealed Where this condition 
develops, as m the case of resistance 
wires, the metal must be annealed This 
is done in a specially constructed oven 
that utilizes a reducing atmosphere 
coordinated with constant temperature 
regulation 

CHECKING FOR TOLERANCES— Even the 
slight or varying pressures exerted by 
a micrometer, when used for measur- 
ing the diameter of fine wires, intro- 
duce a large percentage error This 
usually results in exceedmg permis- 
sible tolerances Hence this method is 
never used Accurate measurements 
are made by means of a precision tor- 
sion balance that is calibrated to meas- 
ure to 0 2 milligrams or less A umt 
length of fine wire is weighed on this 
balance and average diameter is com- 
puted from weight and density of the 
alloy Roundness of the wire is checked 
by viewing a cross-sectional area 
through a micrometer microscope 

Tensile strength and elongation char- 
acteristics are measured on a Scott 
tester which charts the results on a 
card This information is very vital in 
determining rapidity witli which fine 
alloy wires harden when drawn through 
a series of dies Thus, the drawing op- 
eration may be regulated to allow 
for •annealing stages in the entire run 
Failure to recognize this alloy-hard- 
emng property will cause much die- 
wear and wire breakage Then, too, 
the customer’s specifications frequent- 
ly call for defimte elongation limits in 
the finished wke. These requirements 
must be met with proper annealing 
followed by tensile and stretch tests 



Ohmpge of rttitfoacs wires ts occs- 
rafely cliecked on • Wkeotslone bridge 


Fine reeisUnee wires, used m the 
manufacture of precision resistors lor 
electronic devices, must be held with- 
in q;iecified tolerances in ohms per 
linear foot As the wire progresses 
through various drawing stages, 
perio^c tests are made A sample, ac- 
curately cut to one foot of leng^ is 
measured on a Wheatstone bridge. 

The rapid advances in recent years 
in the field of electronics have greatly 
increased the demand for precision- 
manufactured fine wire products It is 
safe to predict that this field of the 
wire-drawing technique will soon be- 
come a major mdustry In itself In this 
development it will make a great con- 
tribution to the new ways of production 
and of hvmg that the increasing ap- 
plication of electronics in industry will 
bring to the world 


FUNNYISM 

Results if Designers Do 

Not Understand Engineers 

Cngineers must know more about 
and give more attention to esthetics in 
design and be ready to work with the 
modern architectural or industrial de- 
signer,” said Professor J K Finch, Ren- 
wick Professor of Civil Engineering and 
Associate Dean of the School of Engi- 
neering at Columbia University, in an 
address delivered recently before the 
Metropolitan Section of Ae American 
Society of Mechanical Engineers “At 
the same time,” Professor Finch stated 
“the modem designer certainly must 
know more about engineering unless he 
IS satisfied to create a false, make-be- 
lieve, pseudo-functional type of de- 
sign ” 

In a paper entitled. “The Evolution 
of Design,” Professor Finch said that 
the modem trend in design involves 
both the engineer and the artist, but it 
“very clearly originates in the approach 
and methods of the engineer The mod- 
em designer — industrial, architectural, 
or artistic — cannot undertake function- 
al design with success unless he has a 
keen and clear understanding of the 
engineering approach to design Func- 
tionalism leads only to funny ism un- 
less It IS based on understanding ” 

VISUAL STANDARDS 

Should be Raised for 
Post-War Jobs 

Prominent among the many problems 
of readjustment to post-war jobs that 
will face millions of men will be that 
of visual handicaps, points out M. J 
Julian, president of the Better Vision 
Institute 

“In striving for more efficient produc- 
tion, industry increasingly is paying 
attention to job qualifications of in- 
dividual workers. After the war there 
undoubtedly will be carried out exten- 
sive screening of emplosnnent applicants 
m many fields of endeavor,’* says Mr 
Julian. The visual abilities of workers 
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will reodiv« closer scrutiny in the se-* 
lection of men for jobs It is now recog* 
nised that sight qualifications of 
workers often have an important in* 
fluence upon productive output 

**There seems to be little question 
that industry generally will raise visual 
standards and that workers with ne- 
glected eyesight in the competitive 
post-war period of readjustment will 
be forced to tune up their eyes to get 
and to hold jobs. 

**Besides a demand for sharp vision 
for the general run of jobs, workers 
with above-average visual skills will 
be sought for certain specialized tasks 
Greater attention will be paid to choos* 
mg workers with good eye coordination, 
or muscle balance, for jobs that require 
precision workmanship, or which call 
for long periods of close focusing In 
some factory operations, persons with 
poor muscle balance are hazards to 
themselves and other workmen 

“Depth perception is another visual 
skill that will be sought in the eyes of 
men working around moving machin- 
ery Depth perception is the ability to 
judge distances and the relative posi- 
tion of objects It IS very desirable in 
truck drivers 

“On some jobs good color perception 
IS essential, both for safety and produc- 
tive efficiency Unfortunately,” contin- 
ues Mr Julian, “there are many men 
who cannot distinguish colors easily 
While eyes can be sharpened with 
glasses to see clearly, relatively little 
can be done for color-blindness, which 
is a hereditary condition Even so, visual 
training is said to improve the ability 
of some color-blind persons to dis- 
tinguish colors 

“Very probably more attention also 
will be given to the seeing habits of 
workers Persons have habits or pat- 
terns of seeing just as they have habits 
in holding tools, or gaits in walking 
Efforts will be made to coordinate de- 
sirable patterns of seeing with certain 
jobs For example, some persons see 
things faster than others Slow eyes 
that might be entirely satisfactory for 
a clerical position would be unsuitable 
in many machine operations 

“After the war,” concludes Mr Julian, 
“Ame;*ica undoubtedly will strive for 
new goals of productive efficiency Eyes 
right for the job will be needed by the 
post-war worker” 

BEAUTY BUSINESS 

Will Build Firmly 

on Lowly Coal 

A BiLLiON-DOLLAR post-war business m 
women^s daytime and evenmg apparel, 
accessories, perfumes, and cosmetics, 
all stemming from coal by-products, 
was presaged recently at a preview of 
advance fabrications given by the Bi- 
tuminous Coal Institute The theme of 
the showing was a forecast of the future 
availability of such personal femmine 
luxuries as softer lingerie, frillier 
dresses, sheerer hosiery, lighter weath- 
er-proof outer wear, and finer costume 
jewelry to almost every woman, 
through reduced manufacturing costs 
made possible by the chemical trans- 
formation of coal and its by-products 


into women's apparel and articles of 
adornment 

A feature of the exhibit was a filmy 
dance frock, fashioned from a chiffon- 
like material derived from coal and 
chemically treated with its by-products 
to make the dress wrinkle- and spot- 
proof. Silk and rayon fabrics shni- 
larly treated to render them water- 
and fire-proof as well as wmd-resistant 
also were displayed 

Woolens, made moth- and shnnk- 
proof with coal derivatives, attracted 
special attention When so treated, it 
was reported that the finest woolens 
can be washed with cottons and other 
materials without shrinkage The treat- 
ment is said to be permanent and to 
make no apprecieble change m the 
appearance texture, or warmth of the 


A pinpoint of fighting metal 
placed in the arc of the 
spectrograph writes its own 
signature on a photographic 
plate. Inside the instrument, the light from 
that flame is broken up by a prism as a 
pnsm breaks up sunlight bach element 
identifies itself by a series of charactcnstij: 
lines, always the same for the same basic 
element. It reveals to the spectrographer 
each consutuent, what impurities are 
present and in what quanuties. 

Thus spectrography helps in coqtrol 
and inspection. It keeps tough fighung 
steels tough, helps in development of new 
fighung metals. Spectrography is used, 
too, in other fields to speed research and 


fabric while the color fastness and • 
wearing qualities are stated to be ( 
improved. 

Many new plastics, reported to be { 
less brittle, stronger, and more heat- { 
and wear-resistant than any previoudy { 
produced, have been developed pH- | 
marily for military purposes Although ! 
the widespread civilian use of such 
materials must wait until the end of 
the war, shoes having plastics tips, 
soles, and heels already are obtainable. 

To demonstrate the hardness and 
permanence of plastics finishes, a table 
with a surface made from coal deriva- 
tives was used as an ash tray by guests 
at the exhibit This was pomted up 
as a promise of the durability of new 
laminated plastics-bonded furniture 
soon to be available 


analysis chemicals, foodstuffs, viumins 
Because Bausch Lomb bad long ex- 
perience with such precision optical 
equipment, it was ready for quantity pro- 
duction of gunfire control instruments, 
binoculars and aerial photographic lenses 
When the last gun is fired, Bausch & Lomb 
will devote us enlarged experience to 
peacetime optical production Bausch A 
Lomb Optical Co., Rochester 2, N. Y 

BAUSCH & LOMB 

h s 1 A ij L I M 1 n I « s < 



Makers of Opded Glass and a Compltie Line of Optted Instruments for Military 
Usa^ Education^ Research, industry, and Eyesight Correction and Conservation 
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New Products 

and Processes 


PHENOLIC RESIN 

Aids in Producing 

Hard Synthetic Rubber 

One of the toughest problems con- 
fronting the synthetic rubber industry 
is the processing of S3mthetics to re- 
produce the characteristics and prop- 
erties of hard and semi-hard natural 
rubber stocks Chemical science has 
now found an answer to this problem. 
Research engineers of the synthetic 
rubber manufacturers and the plastics 
industry have evolved a method of 
processmg most synthetic rubber with 
a Durez phenolic resin whereby very 
excellent hard and semi-hard rubber 
stocks can be produced To date the 
use of this resin has been confined 
to Buna S and Buna N, but it is known 
that the resin is compatible with neo- 
prene and also with natural rubber 
Its use with other s 3 mthetics Is being 
investigated. 

The Durez resin which has been 
formulated possesses the very useful 
characteristic of softening synthetic 
rubber during the milling or process- 
ing of semi-hard and hard rubber 
compounds Because of the peculiar 
stiffness of synthetic rubber as com- 
pared with that of natural rubber dur- 
ing such processing, it has been ex- 
tremely difficult to add sufficient load- 
ing durmg milling to produce the semi- 
hard and hard rubber stocks. In the 
production of these stocks from na- 
tural rubber this loading with rem- 
foremg materials such as carbon black 
was not a problem because of the na- 
tural plasticity of the rubber on the 
mill 

The Durez resin, bemg thermoset- 
ting and completely compatible with 
the synthetic rubber, also reinforces 
the rubber in much the same manner 
as carbon black It therefore produces 
stocks of high tensile strength, a high 
degree of hardness, good elongation, 
and low-temperature flexibility De- 
pending entirely upon the amount of 
resin used, the amount of reinforc- 
ing agents normally required to give 
a definite hardness can either be en- 
tirely eliminated or reduced propor- 
tionately 

PREHEATER 

Warms Buses on Cold Mornings 

Before Passengers Get Aboard 

^^FTER standing overnight in zero 
weather, buses now receive a quick 
boost in temperature from a *'Janitror’ 
portable heater of the type developed 
to preheat airplanes at Alaskan air 
bases. 

Comfort for passengers on the first 


run is the object, and, according to 
Surface Combustion, manufacturer of 
the umt, the interior of a cold bus can 
be warmed to a degree pleasant to 
riders withm five minutes before the 
first tnp is started. 

Gasoline, kerosene, or light oils, m- 
cluding Diesel oil, can be used as fuel 
for the portable imit, which has an 
output sufficient to warm four aver- 
age-sized homes Its heat rise of 230 
degrees enables it to deliver positive 
heat in sub-zero temperatures 

NEOPRENE RUBBER 

Will Be Widely Used 

In Home Applications 

Release of neoprene from war’s de- 
mands is expected to bring greater 
durability and practicality to many 

household products Sponge cushions 
and mattresses, tile-hke flooring mate- 
rial, carpet backing, and numerous 

structural parts for household equip- 
ment are named as possible applica- 
tions of this synthetic rubber Its re- 
turn will also again make available 

such pre-war items as household 

gloves, sink strainers, mats, and crib 
sheets 

Sponge rubber cushions, upholstery, 
and mattresses made of neoprene by 
a new process remain firm and even, 
and have long life Foam sponge, as 
it is called, is made by converting 
rubber latex mto a foam and setting 
it to form a sponge-like mass of any 
desired shape and degree of springi- 
ness Neoprene foam sponge, unlike 


that of natural rubber, can be made 
flame resistmg. While it will bum in 
contact with flame, it ceases to burn 
when the flame is withdrawn 
Another type of mattress material in 
tomorrow’s home will be made of 
goat’s hair and neoprene. In making 
this mattress, an open mesh is formed 
by bonding goat’s hair with neoprene 
latex. The mesh is folded to form a 
spring layer about an inch in thick- 
ness Several layers of this material 
are built up to the desired thickness 
A durable backing for carpets and 
rugs will be made by applying neo- 
prene cement to the floor side of rugs, 
irmly anchormg the nap in place The 
coating, which is especially valuable 
for the commonly used ”U”-shaped 
naps, adds but little to the over-all 
cost of the rug The use of neoprene 
will permit cleaning with solvents that 
would readily attack rubber backings 
There is also prospect of a new type 
of terrazzo flooring made by stirring 
marble chips into colored neoprene 
latex, pouring the mixture over the 
floor foimdation, and trowelmg it down 
Satisfactory installations m shipboard 
shower staUs, staterooms, and galleys 
mdicate that this tile-like flooring 
may be adaptable to home bathrooms, 
cellar playrooms, kitchens, swimming 
pools, and terraces 
While neoprene will still be a prem- 
ium priced product, as compared with 
natural rubber, the premium will be 
substantially less than before the war, 
due to mcreased production and the 
fact that rubber manufacturers have 
gained more experience m processing 
the material 

TIGHT-SPOT CELLOPHANE 

Proves Useful in 
Electrical Insulation 

Cellophane so thin that it would take 
approximately 1000 sheets to make a 
pile an inch high is finding increased 
use in industrial tight spots, where a 
space-saving wrapping material is re- 



High>efficieiicy heottr ropidly womis o but 


236 


SCIENTIFIC AMERICAN 


APRIL 1945 




4 conntcttng rod op 
eraitoH in ihg gnat 
A mortcan A utomo 
bile industry tn 
Michigan To the 
right, an EXACT 
WEIGHT Shado 
graph in the act of 
balancing a connect 
ing rod 



Why C|uiet Reigns under Your Hood . . 

That smooth running motor o£ yours . • quiet under the 
hood • • It’s no accident. Rather it is the result of years of per- 

fect blending of skilled labor and precision tools, the combina- 
tion which has made America great in the metals mdustry. Pic- 
tured above is a connecting rod milling and checking operation 
An EXACT WEIGHT Shadograph Scale guides this craftsman 
by weighing the connecting rod, the heavy and light ends simul- 
taneously to a given tolerance set by engineers Such an opera- 
tion makes connecting rods all alike When six go into your car 
of equal weight motors run smooth . . . quiet reigns under the 
hood. This IS but another of the thousands of applications for 
EXACT WEIGHT Scales in American Industry, proven to be 
the best in the world 


t^^STRlAL p 


rec\s\ 5 S 


Iccjct IJieujht fjoJes 


THE EXACT WEIGHT SCAU COMPANY 


•I Witt ¥m MmibM I, IMt 

Debt Ad. 1104 Bay Si., Toronto. Canadm 


quired, according to Sylvama Indus- 
trial Corporation, which manufactures 
this very thin cellophane. The material 
goes into wrapping wires m electric 
cables, where it not only saves space 
but acts as a fire retax^ant as well, 
the company reports. 

Cables of this kind were originally 
designed for airplanes and needed to 
be as small and compact as they could 
be made Since each cable contains 
several mdividual wires, the material 
for wrapping each wire had to be as 
thin as possible, and still be tough and 
durable enough to withstand hard in- 
dustrial use This thm cellophane 
proved so satisfactory in the air that 
It is now extensively employed in Navy 
cables as well Because it saves both 
space and weight it is expected to find 
ready use in other wires and cables, so 
that the maximum number of them can 
be placed in the metal conduits that 
lace the walls of modem office build- 
ings and twist their way beneath 
the streets. 

One of the many different types of 
cellophane that have been developed 
to meet the requirements of specific 
industries, this very thin sheet does 
the required space-saving job, and in 
addition acts as an aid to insulation 
inside the cable, protecting the cover- 
ing of the wire from the asphaltum 
which surrounds it Since the cello- 
phane is manufactured m different 
colors, it is also used as a coding device 
inside the cable, each color indicating 
a different strand of wire 

HEAT RESISTANCE 

Increased in New 

Plastics Formulation 

A NEW moldmg compound of ‘^Lucite” 
methyl methacrylate resin, combining 
heat-resistance 30 to 40 degrees, Fah- 
lenheit, higher than general-purpose 
powders with other desirable proper- 
ties previously unobtainable in a single 
formulation, is announced by the Plas- 
tics Department of E I du Pont de 
Nemours and Company 

The new formulation, designated as 
HM-122, IS outstanding for ease and 
economy in molding, the company says 
Its faster setting properties, when prop- 
erly heated dies are used, contribute to 
a Shorter molding cycle The material 
from this new formulation has added 
resistance to breakdown from heat at 
moldmg temperatures, producing not 
only better moldings but improved 
clarity 

The entire output of formulation HM- 
122 now is allocated to essential uses, 
such as colored caps for switchboard 
light signals, parts for sextants and 
stethoscopes, blackout lenses for mili- 
tary vehicles, airfield landing light 
lenses, relay box covers, battery 
adapters, and control wheel Imobs. 

Moldings of the new “Lucite” are 
distinguished by unusual clarity and 
brilliance They also possess excellent 
reflecting properties and are exception- 
ally free of distortion when molded 
properly Tills new formulation can be 
obtained in a wide range of transparent, 
translucent, and opaque colors for both 
indoor and outdoor use % 


Though not “boilable,’* the material 
produced from this new formulation 
may be used in many installations 
where substances with a lower heat- 
distortion pomt would fail 

LEATHER-LIKE PLASTICS 

Has Many Uses 
As Covering Material 

A HEW leather-like plastic that has 
great resistance to abrasion and scuffing 
has been announced by the Firestone 
Tire and Rubber Company 
Called Ve^ofiex, the new material 
has a vinyl base It will be pro- 
duced as a sheet or coated fabric in 
a large number of surface patterns 
such as cowhide, alligator, boxed calf, 


pin-point morocco, and new designs In 
addition to its patterns, it can be pro- 
duced in various weights and thick- 
nesses and in any shade or color 

Completed laboratory tests, according 
to Firestone, have shown that the ten- 
sile strength of the new plastics is 
from 2000 to 4000 pounds per square 
inch and elongation from zero to 300 
percent In flexural strength, it has 
withstood more than 3,000,000 flexes 
without cracking The new material is 
an excellent non-conductor of elec- 
tricity It resists acids, alkalis, and 
orgamc solvents and will not absorb 
moisture 

The field of uses for Veloflex includes 
luggage, upholstery, men’s and wo- 
men’s purses, desk tops, book bind- 
ings and covers, water-proof cases, 
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shoe uppers, gloves, clothing, military 
kits, pads, seat covers, and many more. 

This new material can be sewed, 
heat-sealed, or cemented. Water and 
dirt can be safely removed from it 
wi^ a damp clo^ or with ordinary 
cleaning fluids 

GRANITE SURFACE PLATES 

Will Not Warp 

Or Distort 

S UBFACE plates employing black 
granite, a material that is molecularly 
inert, cannot be warped or otherwise 
distorted by any conditions to which a 
surface plate is normally subjected. 

These Velsey surface plates, as they 
are called, are lapped in series to a 
tolerance of 00005-inch surface flat- 
ness which IS never changed by shock 
or temperature fluctuation The mate- 
rial is harder than tool steel and con- 
sequently cannot be scratched by in- 
struments Even if the surface were 
nicked by a heavy blow, the adjacent 
material would not be upset The base 
of an instrument would surmount the 
nick without affecting the precision of 
measurements It is claimed that these 
surface plates will last for many years 
since they do not corrode, abrade, or 
warp 

LUBRICATING OIL 

Now Packaged in 

Paper Containers 

Lubricating oil is now being packed 
in one quart paper contamers at the 
rate of 70 quarts a minute by high- 
speed packaging machinery Perfection 
of the packaging method breaks a 
bottleneck of metal shortages, since 
the paper container is made entirely 
of non-cnlical materials, the paper- 
board used being exempted from the 
Government’s container limitation 
order The container is weather-proof 


and oil-proofed on the inside. In ap- 
pearance and service, it is similar to 
the ordinary metal container 
The high-speed packaging machine, 
a product of the Package Machinery 
Company, is set up in combination 
with standard paper working equip- 
ment to complete the process from 
fabricating the container to filling and 
sealing it The paper working equip- 
ment takes ordi^ry board paper in 
roll form and, in combination with ad- 
hesives, spirally winds it into a cyl- 
mder, open at each end The packaging 
machine itself consists of three units 
bottoming, filling, and closing — all com- 
pletely automatic 

PLASTICS MOLECULES 

Measured Accurately 

By New Instruments 

A first step m providing the plas- 
tics industry with a better method of 
investigation through sorely needed 
standard instruments for quick deter- 
mination of the size and shape of 
molecules, two instruments have been 
constructed m the Highpolymer Labo- 
ratory of the Pol 3 rtechnic Institute of 
Brooklyn These instruments for the 
first time offer a direct visual proce- 
dure for determining the shape of 
molecules and a short cut for deter- 
mining the weight of polymer mole- 
cules The most important processes 
for manufacturing various t 3 rpcs of rub- 
ber, plastics, and fiber are extruding, 
molding, casting, and spinning To 
produce the best results, it is necessary 
to know the size and shape of the 
molecules of which the material is 
built At present, chemists use viscos- 
ity as a rough criterion for these 
fundamental properties but this method 
IS far from being satisfactory 
The two new instruments, the turbi- 
dimeter and the rayleighometer, based 
on simple visual observations, employ 
the scattering of light to learn about 


the size and shape of large organic 
molecules such as those used in mak- 
ing tires of synthetic rubber, lenses 
of synthetic resins, and stockings of 
synthetic fibers 

The principle of light scattering was 
discovered in 1910 by Dr. Albert Ein- 
stein, originator of the Einstein theory 
of relativity In 1943, Dr Peter Debye, 



Pipetting a sample of o test solution 
into the chamber of the turbidimeter 


of Cornell University and a Nobel 
Prize Laureate m Chemistry, discov- 
ered how to use this prmciple to 
compute the molecular weight and 
shape of giant molecules and proved 
that it had a practical application As 
a result of these findings, it has been 
possible for Dr Paul M Doty, re- 
search associate and instructor m 
physical chemistry at the Polytechnic 
Institute, m collaboration with Dr Her- 
man F Mark, Polytechnic’s professor 
of organic chemistry, to design an 
instrument, a kmd of photometer, 
which allows a quick and reliable 
measurement of the light scattered, by 
spinning and casting the solution in 
various directions Eventually it will 
be possible to use this method in indus- 
try on a routine standard basis to 
produce fibers of high fatigue resist- 
ance, plastics of high impact strength, 
and rubbers of high endurance against 
abrasion 

COLOR DETECTIVES 

Provide Precise Tool for 
Industrial Chemists 

Chemical color-detectives so power- 
ful that they can detect Iron atoms 
forming only one part in 1,000,000 parts 
of water were described to the Ameri- 
can Chemical Society recently by Prof 
G. Frederick Smith of the University 
of niinois. 

These color-detectives, used in analy- 
ses in a number of important indus- 
tries, are orgamc reagents — organic 
ring nitrogen compounds known chemi- 
cally as, orth-phenanthroline and sub- 
stituted phenanthrolines 

Their most important property is 
their ability to react with a number 
of divalent metal ions — electrically- 
charged atoms — such as Iron, cobalt, 



Paper containers of lubricating oil ore packoged on tbit osiembty line 
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copper, nickel, zinc, chromium, and 
ruthenium. 

Three molecules of one of these com- 
pounds, ]^f Smith explained, will 
react with one divalent iron cation, 
a positive ion, to form an intensely red 
water soluble product 

A minute amount of this product can 
color "a comparatively enormous 
amount of solution to which it is 
added* The presence of one part of iron 
m this form is easily detected in the 
presence of 1,000,000 parts of water’* 

One milligram of iron can be de- 
tected by its color in one cubic meter 
of water by another color-producing 
compound, and one ounce of iron con- 
vert^ to this complex ’’would color to 
a discemable hue the water displaced 
by a battleship** 

Prof Smith said that this type of 
compoimd also can be used as reaction 
indicators by changmg their red form 
to a blue form. *’The change in color 
is vivid, precise, and reversible At the 
point of color change, the chemical 
reaction being carried out is shown to 
be complete ** 

These compounds are used m various 
kinds of analytical work in iron and 
steel production; special alloy steel 
manufacture, rock ore and mineral 
utilization, limestone, cement, and 
glass technology, and drug, me^cinal, 
food, and wine processing and preserv- 
ing 

COMPAR LINING 

In Sandblast Cabinets is 
Better Than Boiler Plate 

F ULL-TIME operation of sandblast cab- 
inets has been made possible by an 
application which was first tried out 
to protect the perforated bottom of a 



Compor lining protects bottom of sand- 
blost booth, os well os the ports troy 


much-used device of this kind. Experi- 
ence had shown that the force of the 
steel grit, driven over the parts in the 
cabinet under 90-pound pressure, 
quickly wore through the boiler-plate 
which was the customary protective 
covering, necessitating frequent re- 
placement 

A sheet of compar, the plastics de- 
veloped by Resistofiex Corporation, 
fastened securely to the bottom of the 
cabinet, proved the solution to the 
problem, with a resistance to abrasion 
said to be 250 tunes that of the boiler- 
plate, assuring continuous operation 
for several months with no stoppages 
for replacement. Likewise, the wo^- 


en tray which holds small parts to be 
sandblasted Is covered with a sheet 
of flexible compar. Although this 
tray is held directly below the nozzle, 
the compar covering shows no wear 
after months of conUnuous use. 

ADHESIVES 

Are Important to a 

Number of Industries 

Adhesives derived from starch enter 
into the manufacture of an almost limit- 
less variety of products, according to 
Lee T. Smith and R M Hamilton of the 
Eastern Regional Research Laboratory 

Starch adhesives were used by the 
Egyptians. In die latter part of the 18th 
Century, the manufacture of starch ad- 
hesives and sizes became important 


m mdustry In the Umted States the 
growing need for starch was realised 
by John Biddis of Pennsylvania, who 
devised a method of manufacturing 
starch from potatoes and was granted 
a patent in 1802 

The mtroduction of postage stamps In 
1840 and the subsequent invention of 
gummed envelopes stimulated the de- 
mand for adhesives 

About the same time the develop- 
ment of photography created new uses 
for adhesives in mounting photographs 
The introduction of matches offered 
another use for adhesives in the manu- 
facture of the cardboard match box 
Through the use of the cardboard 
tubular cartridge, adhesives aided in 
revolutionizing the shotgfun from the 
muzzle- to the breech-loader type 
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TODAY Wollensak telescopes 
are seeing action on battle fronts around 
the world. They are made by the same crafts- 
men as the telescopes you and thousands of 
other American sportsmen enjoyed before the 
war Also serving our armed forces are Wollensak 
lenses and shutters for aerial, press, and cine 
photography, Wollensak binoculars and many 
Wollensak-made optical instruments 

After the war, you’ll be able to buy a new, 
even finer Wollensak telescope Like Wollensak’s 
Prism Binocular, the Rambler Field Glass and 
Wollensak’s Spotting Scopes, it will oflfer greater 
light-transmission,^ other improvements devel- 
oped by Wollensak’s experience and skill in pre- 
cision manufacture 

Siade posuble by special lens ioattng methods developed 
during the war. 


BUY WAR BONDS TO PROTECT YOUR FUTURE 
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Above Speciol clips hold different 
size filters on the conveyor belt of 
the automatic laminating equipment 
Right Placing filter blanks between 
glass The resulting '^sandwiches'' 
then go to the outomatic lominotor 

From this beginning, tubes for various 
purposes were developed 
The introduction of the paper bag 
was the first step toward modem pack- 
aging The almost instantaneous sealmg 
of paper seams made possible the high 
speed of the adhesive sealing machines 

PRECIOUS METALS 

Recovered from Waste Fluids 
By Anion Exchange 

PROCESS by which valuable and war 
essential met^s may be removed from 
waste solutions by absorption on amon 
exchange resins was announced at a 
recent meeting of the American Chemi- 
cal Society While primarily intended 
for the recovery of scarce and valu- 
able metals now being lost in waste 
waters, the new method is also ex- 
pected to be beneficial in reducing 
stream and harbor pollution in the 
vicinity of electro-plating and other 
metal working plants 
According to chemists of The Per- 
mutit Company, anion exchange resms, 
under special conditions will complete- 
ly absorb certam metal salts from very 
dilute solutions When complete ab- 
sorption is no longer obtained, the 
resins are treated with appropriate 
chemical solutions to effect recovery of 
the metals in the form of solutions 
which may be 25 or 30 times as con- 
centrated as the original waste liquors 
The anion exchange res^hs undergo no 
permanent change m the process and 
may be re-used indefinitely 

LIGHT FILTERS 

Made Automatically by 
ingenious Equipment 

Automatic laminating equipment, de- 
veloped imtially to meet ^e increasing 
demand for lammated filters to be 
used as lenses in the Polaroid Day- 
glass, has proved valuable in ^e 
production of many other kinds of 


light filters made of a combine tion 
of glass and plastics. 

In one continuous automatic opera- 
tion, the equipment manufactures a 
continuous roll of adhesive matenal, 
adheres it to both sides of a plastics 
sheet, and stamps out the adhesive 
plastics in the desired shape and size 
The stamped plastics travels on a belt 
to a wheel where operators sandwich 
It between two pieces of glass The 
sandwich is carried automatically to 



be pressed and then conveyed by belt 
to quality control inspectors 
Over 30 million filters of a variety 
of shapes and colors, polarizing and 
non-polanzmg, have been turned out 
on this equipment, which is reputed 
to have produced by far a greater 
volume of light filters than any other 
production umt occupying a com- 
parably small area 
The filters are used in conjunction 
with many military aiming and sighting 
devices mcluding bombsights, sex- 
tants, binoculars, and gunsights They 
eliminate reflect^ sun glare, penetrate 
haze, permit the viewing of three-di- 
mensional vectographs, and perform a 
number of other tasks affording in- 
creased vision 

MOLDING PRESS 

Uses Electronic Heat on 
Thermosetting Plastics 

VERTICAL hydraulic “hyspeed” press 
that molds plastics items and utilizes 
electronic heating of the plastics ma- 
terial to effect sensational economies 
ui production time, has been an- 
nounced by Ralph Kelly, president of 
The Baldwm Locomotive Works 
Held secret imtil now, experiments 
have been conducted for months by 
The Bryant Electric Company on ureas 
and melammes, vital to the process 
Also working with Baldwin’s South- 
wark Division to create the method 
were Westinghouse Electric and Manu- 
facturmg Company and Monsanto 
Chemical Company 
The first electronic heating unit and 
forming press, set up to operate manu- 
ally, have proved entirely successful, 
according to Charles J Smith, head 
of th^ Plastics Division of the Bryant 
Electric plant, which built special 


molds lor the experiment He said 
that **high frequency heating is a 
proved success on small parts.” The 
plant, he added, has been able to re- 
duce the cluing time on a particular 
product from minutes to seconds. 

*'By reducing this time, workmen 
have been able to turn out 20 percent 
more pieces from an experimental six- 
cavity mold than were previously 
turned out from a standard 24-cavity 
compression mold” Mr Smith esti- 
mated the mold savings in this one 
experiment between the six-cavity and 
the 24-cavity molds, at $6000, in addi- 
tion to a 12^ percent saving in plastics 
materials since the Baldwin-designed 
press does a precise extrusion job 
Smith said the method of squeezing 
the preheated plastics into the mold 
and changes in mold design make high- 
speed thermosettmg molding practical 
Therefore, the production from a small 
press with a small number of cavities 
is just as great as, or greater than, that 
of a large compression press with a 
large number of cavities 
In the first production experiments, 
one workman operated both the two- 
kilowatt heating umt and the molding 
press The plastics, in the form of thick 
wafers, was placed in the heatmg de- 
vice where it was exposed to short- 
wave radio beams for a few seconds 
Then the workman lifted out the hot 
wafer, transferred it to the press, and 
a plunger forced it down against the 
mold It remained only a few seconds 
under pressure of six tons per square 
inch, then was released When re- 
moved, the particular product in this 
case turned out to be a series of clean, 
shiny plastics electric outlet plugs 
such as the average American is ac- 
customed to buy m the appliance de- 
partment of any store 
Because the heat is established in- 
side the preforms as quickly as outside, 
there is no opportunity for the outer 
portion to overcure before the inside 
gets hot Because the preforms go mto 
the mold hot, much lower pressures 



Heating equipment ond molding press 
thot economize on production time 
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DoALL 



To bore 12'' diam holes 
in a 30'" plate V/ 2 ' thick 
required only 1 hour each 
on the OoALL A lathe 
could not swing the 30" 
plate, which had to be 
cut into two 15" plates 
and then it took 3 hours 
to bore each hole 


FASTEST METAL OUTTINQ METHOD 
TODAY 

Whether it's armor plate, blocks a 
foot thick, tubing or stacked sheets, 
the DoALL goes right through them 
with no lost motion, time or energy 
No other equipment or machine can 
compare with the DoALL for straight 
line and contour work, internal and 
external sawing of metals, alloys, 
plastics, laminates and wood 
6 models to select from — a size for 
every need — priced from $1,000 to 
$5,000 with motors 


Send far an $nterestmg story tn pictures of DoALL ADVANTAGES tsver 9 Bauc Cutting Methods 
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Can be used This means smaller 
presses It is estimated, as a result of 
lowered pressure that, for a particu- 
lar job, the press would cost approxi- 
mately one third as much as a straight 
compression press, that mamtenance 
costs would be reduced to a fifth, and 
that the molds would have 30 percent 
longer life 

TANK SEATS 

Adapted for Trucks to 

Permit Smoother Driving 

Relief from fatigue and the danger of 
falling asleep at the wheel has become 
possible for truck drivers as a result 
of the war-time production of more 
than 200,000 tank seats for the armed 
forces of the Umted Nations At the 
request of truckers, who had learned 
of the level, comfortable ride made 
possible by the tank seats, the Monroe 
Auto Equipment Company, manufac- 
turer of the seats, adapted them for 
use m trucks 

The truck seat features a variable- 
rate coil spring which reacts equally 
to a large man or a small boy A 
long auxiliary spring, used in con- 
junction with a double-action hydrau- 
lic shock absorber, limits the height of 



i 


The spring has a variable rate 

the seat in the free position and af- 
fords a resilient limit to its action 
The shock absorber, resisting any 
sudden or sharp action of the spring 
due to travel over bumps or rough 
roads, levels off the ride regardless of 
jolts Because the seat eliminates 
rhythmic pounding while the truck is 
m motion over a long period, it re- 
duces the tendency of drivers to fall 
asleep at the wheel 

FARM WASTES 

Provide Extensive Source 
Of Industrial Cellulose 

Corncobs and other farm wastes are 
being converted mto sugars by a con- 
tinuous process which makes use of 
the special chemical and physical 
properties of the farm wastes or resi- 
dues Chemistry is transformmg such 


waste mto money for the farmer and 
mto a rich “bank” of cellulose reserve 
against the day when many natural 
and irreplaceable national resources are 
depleted 

J W Dunning and E C Lathrop 
explain the process in “Industrial and 
Engineering Chemistry,” American 
Chernies 1 Society publication 

“It IS estimated,” they point out, “that 
100,000,000 tons of farm residues might 
be available m this country for indus- 
trial purposes each year, with an equal 
amoimt left on the farms for plowmg 
back into the soil In view of the 
decrease in irreplaceable natural re- 
sources, it is becoming clear that at 
some period all countries must look to 
products of annual plant growth for 


the production of many materials now 
derived from other sources” 

The Department of Agriculture, they 
continued, is seeking means of using 
such residues not mainly as substitutes 
but rather as raw materials that can do 
industrial duty better than other raw 
materials 

The bulkiness of most farm wastes, 
their higher content of pentosans— a 
complex carbohydrate— and lower cel- 
lulose content as compared with woods 
heretofore have prevented considering 
them as a source of raw material for 
sugars, the report said 

The researchers reasoned that what 
might be needed in utilization of farm 
wastes for sugars is some “added in- 
gredient” which would be produced 
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concurrently and command a higher 
price than fermentable sugars 

This might be furfural, now manu- 
factured to the extent of about 20,000 
tons a year, or xylose (a sugar) which 
has potential uses if priced near suc- 
rose Both of these chemicals are 
derived from pentosans which gen- 
erally occur in -higher amounts in 
agricultural residues than in wood 

Workmg with corncobs, sugar-cane 
bagasse, flax shives, oat hulls, and cot- 
tonseed hulls, the chemists developed 
a continuous, two-stage process in 
which the pentosans in the wastes first 
are hydrolyzed or decomposed by di- 
lute sulfuric acid Then the cellulose 
is turned to sugar by a new concen- 
trated acid method which uses less 
than one fourth the amount of acid 
required by other known concentrated 
acid processes Lignin remains as an 
insoluble residue 

PLASTICS COAT 

Protects Spark Plugs 

Until Used 

Ethyl cellulose, which forms a tough 
water-proof, corrosive-resistant coating 
that can be quickly and easily removed 
by slitting and stripping from the part, 
is now being used to protect spark plugs 
after manufacture and until put into 
service 

The conveyor used for this work is 
shown in the accompanying photograph 
An operator hangs six plugs on each 
cross bar After being immersed in the 
dip compartment of the ’Sfoungstown 
Miller Company’s plastics coater, the 
plugs are returned overhead to the end 
from which they start This system per- 
mits the uniform dipping of 4500 plugs 
an hour 

Indirect heat is employed to melt 100 
pounds of the plastics per hour without 
danger of breakmg down the ethyl 
cellulose by excess heating Thermo- 
static control IS maintained over both 
the heat exchange medium and the 
plastics to insure that neither rises over 
Its maximum allowable temperature 
The plastics is melted and preheated to 
proper temperature for dipping before 


entering the dip tank section of the 
umt Extremely close control (2 de- 
grees, Fahrenheit, maximum variation) 
and umformity of temperature is 
achieved with low heating surface tem- 
perature 

GASOLINE SYNTHESIS 

From Natural Gas put * 

On Commercial Basis 

P ROOUCTiON of gasoline with a clear 
octane number of 75 motor (83 re- 
search) from natural gas for about five 
cents per gallon, bringing gasoline 
synthesis from natural gas definitely 
within the range of successful Com- 
mercial operation by the American 
refining industry, is said to be possible 
through recent improvements of the 
Fischer-Tropsch process The new 
process is equally adaptable to the 
economical production of high-cetane 
Diesel oil 

The five cent cost is based on nat- 
ural gas at five cents per thousand 
cubic feet and a plant depreciation rate 
of 10 percent per yeai The gasoline 
produced can be easily leaded for post- 
war consumption 

Based on technical exploratory and 
development work in the M W Kel- 
logg Company laboratories in Jersey 
City, the new method successfully 
overcomes the problems of heat dissi- 
pation and accurate temperature con- 
trol 

CARBON CHIMNEY PIPES 

Prevent Seepage of' 

Noxious Gases 

C! ONSTRUCTiON of a new laboratory for 
the St Lawrence Alloys and Metals, 
Ltd , required that gases from fur- 
naces and testing tables in the basement 
be dissipated through a brick chimney 
running up through the center of the 
building Due to the corrosive action 
of the gases on the chimney brick, it 
was felt that periodic and expensive 
repair jobs would be required if the 
gases were exhausted directly through 
a chimney of the customary brick de- 


sign Also, if indiscriminately released, 
the noxious gases would have consti- 
tuted an explosion hazard, as they con- 
tmned ammonia, ether fumes, ethyl 
acetate, chlorine fumes, and hydro- 
chloric, sulfunc, hydrofluoric, nitric, 
and perchloric acids Not least of the 
considerations was the desire to elimi- 
nate seepage of fumes into the building 
which could result from disintegration 
of the ordinary brick 
Utihzing the well-known principle 
that carbon is resistant to corrosive 
fluids and gases, two eight- inch flues 
of carbon pipe were built into the 
chimney to carry the gases and protect 




Flat construction for safe disposal 
of corrosive goses from loboratory 


the brickwork Two flues were con- 
structed to keep separate those gases 
that might produce an explosion if per- 
mitted to mix Metal hoods mounted 
over the testing tables and furnaces 
and connected to the horizontal carbon 
tubes carry ammonia, hydrochloric 
acid, ether, and ethyl acetate gases into 
one flue Hydrofluoric, sulfuric, nitric 
perchloric acid gases, and chlorine 
fumes are directed into the other 

The gases are exhausted through the 
flues by mechanical means To minimize 
condensation, and a liquid back-drip 
of acid solutions that might be caused 
by rain or snowfall in the flue openings 
at the top of the chimney, roofed cham- 
bers with side outlets were built of 
carbon brick The bottom of each flue 
consists of a slanted carbon disk cov- 
ered with a built-up layer of carbon 
cement 

If there should be condensation and 
the formation of acid solutions in the 
bottom of the flues, the solutions will 
flow out through a small carbon pipe 
spillway located directly under the m- 
let section, when the carbon dripcock 
IS opened 

Each of the carbon flues is 31 feet ui 
height and is formed of threaded 
lengths of carbon pipe Joints are sealed 
with a carbonaceous cement with the 



Dipping compartment for spark-plug protection is in center 
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female threads in the upward position, 
thus providing an added protection 
against seepage According to reports 
released by the St Lawrence com* 
pany, the exhaust system is highly ef- 
ficient, and the gas funics originating 
m the laboratory are undetectable on 
the floors above Carbon material for 
the flues were supplied by the Na- 
tional Carbon Company, Inc Its engi- 
neers believe that the flues should re- 
main m maintenance-free service for a 
minimum of 30 years 

FILTRATION UNITS 

Make Chemical Equivalent 

of Distilled Water 

CDrdinary watei can now be trans- 
formed into the chemical equivalent 
of distilled water by a simple filtration 
process made available in portable and 
stationary equipment designed for all 
types of users With these units, trade- 
marked Filt-R-Stil, water which is 
virtually mmeral-free is made readily 
accessible for research laboratories and 
industrial use The principle utilized 
IS one of filtration by skilful utilization 
of melamine-derived and other resms, 
developed by the American Cyanamid 
Company Water is passed through beds 
of these ion exchange resins which 
transform the dissolved salts in the 
water to the corresponding acids and 
in turn absorb the acids The process 
may be visualized by picturmg water 
as containing flowing metals which are 
attracted by a magnet except that the 
magnet, in this case, is chemical rather 
than electrical 

The final demineralized water has an 
average salts content as low as two 
parts per million of calcium carbonate, 
and has been produced as pure as one- 
half part per million The process also 
removes dissolved carbon dioxide from 
the water, a feature of particular im- 
portance in its use in the electronic and 
electrical fields 

ALUMINUM ALLOY 

In Oil Breather Caps 

Cuts Service Charges 

Substitution of a combination of alu- 
minum alloy wire crimp in engme oil 
breather caps has eliminated a service 
problem on buses and trucks, has ef- 
fected a saving of critical copper, and 
has reduced excessive oil consump- 
tion 

The new material is composed of 96 
percent aluminum and 4 percent mag- 
nesium wire It origmally was adopted 
as a war-time expedient to replace 
hard-to-get copper crimp But results 
have been so satisfactory that it will 
be retained when peace-time produc- 
tion IS resumed 

The prime advantage of the alumi* 
rium alloy crimp, developed by Ford 
engineers, is that it does not promote 
varmsh, whereas copper actively helps 
this formation because copper acts as 
a catalyst and accelerates the forma- 
tion of injurious gum deposits in the oil 
itself 

Heavy varnish deposits on oil 
breather packing accumulate rapidly 


on buses and trucks because of their 
higher operating temperatures Thus, 
servicing is made more difficult, due to 
cap sticking, while excessive oil con- 
sumption may result from increased in- 
ternal pressure forcing the oil past the 
rings or retainers 

ELECTRONIC OSCILLOGRAPH 

Records Extrernely Short 

Electrical Phenomena 

SEU"-C0NTAINED industrial electronic 
oscillograph capable of recording char- 
acteristics of electrical phenomena last- 
ing as little as a fraction of a millionth 
of a second is announced by Westing- 
house 

An instrument of the cold cathode 
type, the electronic oscillograph is 


capable of recordmg single electrical 
transients with respect to time, or two 
electrical phenomena with respect to 
each other, such as yoltage versus cur- 
rent, in the form of diagrams produced 
by two pairs of electrostatic deflecting 
plates disposed at right angles to one 
another The cathode of the tube is 
energized from a 50 kilovolt dc recti- 
fier with a control to correct for line 
voltage variation The beam is nor- 
mally blocked by a target An impulse 
synchromzed with the phenomena will 
trip the relay which bends the beam 
around the target so that it will strike 
the fluorescent screen or film placed 
below it and thus be rendered visible 
or recorded 

The new streamlined unit consists of 
the oscillograph proper in front of the 
cabinet and the cabinet proper which 



Ingenious New 

Technical Methods 

Presented in the hope that they will 
prove interesting ond useful to you* 
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New Quick-set Dial Drill Sharpener 
Eliminates Guesswork. ..Keeps ’em 
Drilling Faster — Longer 

Attached to the Drill Sharpener, it adjusts drill 
edges to the proper angle for precision grinding, 
putting drill sharpening on a quick, efficient basis 
QUICK-SET DIAL easily and accurately adjusts 
Sharpener for sharpening drill from 5/32' to I** 
sizes Dial insures accuracy in measuring angles 
and clearances on twist drills, preventing trouble 
and making drills last longer Dial-Set sharpened 
drills cut faster and more accurately, as the edges 
are alike and uniformly sharpened 

Pracitlon built, calibrated and tested, unit is 
easy to set up and operate Saves wear and tear on 
drill presses— prolongs drill life— cuts costs— im- 
proves quality — speeds output 
Another thing worth remembering is Wrigley’s 
Spearmint Gum That familiar red, white and 
green package which always meant **a help on 
your job No more of this famous brand and 
flavor is being made for anyone now— even for 
the Armed Forces overseas— as Wrigley's stock- 
pile of finest quality raw materials is all used up 
But — remember Wrigley’s Spearmint —The 
Flavor Lasts, 

Ypu can I$t eomfUN information from Amtraco Industrial 
Spocialtus^ 122 S Michigan Avo , Chicago 3, III 
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Front view of grinder 
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THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

is now in usd by most 
of the Police Dcpertments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require* 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

**THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.BJ1. 

#4.25 postpaid 


For Scientific and Technical Books 
Try our BOOK DEPARTMENT 
SCIENTinC AMERICAN 


Order From SCIEIITIFIO AMERIOAN 
24 Wait 40th Street, New York 18, N. Y 



An aluminum alloy - Non-Heat 

Treated The perfected metal that sur- 
passes all others for a wide variety of 
machining operations Non-corrosive — 
Easy on machine tools — Holds threads 
without stripping Its light weight reduces 
table and machine loads and increases 
tooling accuracy Five years of proven 
superiority in hundreds of plants OH 38 
IS an exclusive Hedstrom product 
Write for Literature 


OSCAR W. HEDSTROM CORP. 

4872 West Division St., Phone Columbus 3667, Chicago,5l,lll. 

Mmnufacturers mt Aluminum, Brmss, Brmnxe anti Hi^b Cmntiuctiyity Cmpper Castings. 
Pattern Makers. Complete Mechanical Asseinblles and Models to Specifications 


houses all energizing and control cir- 
emts Energizing terminals are en- 
closed except one bushing connected 
to the source of synchronizing impulse 
Concentrating coils, beam current 
meter, and leak valve, control the m- 
tensity and size of the trace on the 
film Deflecting coils move the zero 



OKillogroph for industriol research 


position of the beam so as to use the 
whole area of the exposed film for the 
record • 

In addition to the fluorescent screen 
for direct observation, the instrument 
contains a stationary film holder taking 
a standard film for recoidmg electrical 
phenomena lasting 1/1000 second or 
less, and may be operated with a ro- 
tating film drum for phenomena lasting 
from 1/1000 to 1/10 second A photo- 
electric control which makes it possi- 
ble to take an oscillogram in one revo- 
lution of the drum, regardless of speed, 
eliminates the possibility of superim- 
posed waves 

ELECTRICAL STABILIZER 

May be Used Post-War 

On Many Vehicles 

T HE post-war automobile and train 
ride may be easier because of an in- 
tricate device called the gyro-stabilizer, 
now being used for accurate aiming of 
high-powered guns on battle tanks as 
the machines move over rough terrain 

Electrical manufacturers say this is 
the way the gyro-stabilizer works on 
United States tanks 

“A piston in a cylinder attached to 
the breech of the tank’s gun moves up 
and down to stabilize the gun’s move- 
ment The piston is moved by oil under 
200 pounds pressure, fed from a gear 
pump The amount of oil fed to either 
side of the piston is controlled by two 
magnetic waves 

“A ‘sllverstat’ varies the voltage — oi 
electrical pressure — flowing to the 
valves and consequently the oil flow 
to tfie cylinder A gyroscope is attached 
to the breech of the gun where its ro- 
tational direction is subject to violent 
change every time the tank rolls over a 
stone or pitches into a ditch 
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"At the first sign of jolting of the gun, 
the gyro complies with the law gov- 
erning Its nature, in resisting the down- 
ward or upward jerk of the gun barrel, 
its own axle rotates at right angles to 
the up or down movement, and in ef- 
fect ‘waggles* the gyro 
"With each waggle to right or left, a 
pencil-thick stub of plastics attached 
to the gyro and centered in the cluster 
of silverstat leaves squeezes together 
one or the other group This increases 
or decreases the voltage, and conse- 
quently the current, which flows to — 
and activates — the magnetic oil valves *’ 
It sounds a little complicated, the 
electrical experts admit — but it may 
add up to a downy-soft post-war ride, 
even over bumpy rural roads in a car, 
or over rough roadbeds in a train 

SHRINKAGE CONTROL 

Applied to Woolens by 
Use of New Resin 

\^/ooL, which retains its original ap- 
pearance, yet is protected against 
shrinkage, even after repeated launder- 
ing and dry-cleamng, is now commer- 
cially available through the use of a 
new synthetic resin manufactured by 
American Cyanamid Company and 
trade marked under the name "Lana- 
set ’* 

Lanaset, a melamine resin, has al- 
ready been tested with success by a 
number of leadmg nulls and finishers 
Lanaset wool shrinkage control has also 
been used by the Umted States Army 



Two hours in soop and water did not 
change the sock treated with Lanaset 


Quartermaster Corps foi treating, among 
other items, three quarters of a million 
yards of wool sleeping-bag fabric 
Lanaset stabilizes wool and wool 
blends without affecting the absorbency 
normally characteristic of wool The 
usual chemical methods for controlling 
shrinkage actually alter the wool and 
destroy some of its valuable properties 
Lanaset, on the contrary, is an additive 
and takes away none of these desii - 
able qualities It also reduces felting 
and prevents fuzzing Wool treated 
with Lanaset has a much higher re- 
sistance to alkali than untreated wool 
Another advantage of Lanaset, ac- 
cording to reports, is the simplicity of 
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its application The fabi ic is passed 
through an aqueous bath containing the 
lesin^ squeezed uniformly through a 
mangle, dried and heat cuied and given 
a light wash to letnove surface lesins 
The application is pcimancnt for the 
life of the fabric 
This stabilizing finish foi wool fabrics 
IS expected to be of particular value 
in the processing of dress materials, 
blends of wool and spun layon for 
sports wear, tropical worsteds for men’s 
suits, sweaters, childien’s wear, 
blankets, and socks 

COPPER ON ALUMINUM 

Made Practical by 

New Preparatory Dip 

^^DHERENT, Uniform copper plating is 
now made possible on aluminum and 
its alloys by a preparatory dip at room 
temperature The dipping solution 
may be used in a st^el, wood, or cera- 
mic container There are no fumes, it 
IS said, and venting is not required 
This solution has a long life is stable 


and IS not sensitive to drag-out, normal 
contamination, or dilution 

Practically any chopper electrolyte 
can be used as the plating solution ex- 
cept the sulfate types or those having 
d high degree of acidity High-speed, 
bright-copper can be deposited with 
ease 

Copper plating on aluminum brings 
greater utility to this light metal 
Aluminum is difficult to solder, but a 
flash coat of copper eliminates this 
trouble Aluminum also has a strong 
tendency to develop an oxide coat on 
exposure to air While aluminum it- 
self IS a good electrical conductor, this 
oxide coat reduces conductivity con- 
siderably When aluminum is coppei 
plated, this difficulty is overcome and 
the light metal becomes useful for 
electrical contacts and high frequency 
conductors where weight is a factor to 
be considered 

When alummum is copper plated 
and polished, it eliminates the usual 
dull alummum finish Also, copper 
plated alummum can be used to build 
up worn surfaces, over-sized diameters, 
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“the VISMETER_ 

A Scfeniific and Educational 
Brochure 

by 

Cari D. Millar, Ph.D. 

optnt M 

New FieM In Physical Measorement 

Hitmely, the fieUI of 

Gonstant-Flow Viscometry 

This IB 

an OHginol Piontaring Work 
prtsented tuitobly for 
LAYMAN, STUDENT and 
ADVANCED PROFESSIONAL 
atiko It IS an exposition of a device which 
affords results hitherto unattainoble, in the 
following! 

t Pumping of fluids at small consteat 
rates 

2 Continuous measurement of the viscosity 
of fluid undergoing chani^e Automatic 
recording and use of viscosity as a 
means of automatic process control are 
immediately attainable 

) Ready measurement of the viscosity of 
separate samples of fluid 

Determination of the change in viscosity 
with change in temperature 
9 Precision measurement of viscosity 

24 PAGES 
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and so on The process consists of a 
specified means of aluminum cleaning 
and preparation, followed by a 10 to 
30 second immersion in a simple dip- 
ping solution at room temperature, and 
then platmg from the copper electro- 
lytes 

GAGE BLOCKS 

Now Available m a 
Versatile Set 

T HE growing use of precision gage 
blocks throughout industry has created 
a demand for a master series of gage 
blocks, capable of producing any com- 
bination of sizes tequired in precision 
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UIHIITiHOttLDi 
VOU INVINT* 

Our FREE BOOK teUt you what , 
day’s inventive market wanta — how to 
put down, patent and sell your ideal. 
Scores of letters in our files attest to 
the modem demand for inventions — 
our long experience aa Regiatered Pal^ 
ent Attorneys will help you Get oor 
FREE BOOK. “How to Protect, Fi 
nance and Sell Your Invention ** Also 
special document free, **Invention Reo> 

I ord” on which to sketch and describe 
your invention. Write today Noobligation 
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Designed for dupiicote combinations 
in 0 wide ronge of precision gaging 

measurement Designed to fill this 
need, DoAll Gage Set Number 118 not 
only provides for more duplicate com- 
binations of the same size, but makes 
possible a wide range of combinations 
The set contains thin blocks ranging in 
size from 010 inches to 090 inches, irt- 
cluding d thin block series in steps of 
ten one -thousandths of an inch from 
010 inches to 090 inches 
Standard gage sizes aie well repre- 
sented in the set which, in addition, 
contains a senes of ^hree fractional size 
gages 

Special gage blocks, called wear 
blocks, protect the regular gages when 
they are used under conditions which 
might cause excessive wear Every 
gage IS etched with its individual size 
clearly and legibly marked and is of 
uniform depth The etched markings 
are free from even the tmiest burrs 
In addition to the size marking, each 
gage IS individually etched with its 
own serial number so that it can al- 
ways be identified from similar size 
gages of other sets 

WATER PUMP 

Operates in Both Deep 
And Shallow Wells 

PLENTIFUL supply of water is one of 
the basic needs of civilized existence 
In fact, the rate of water consumption 
may well be taken as a fair index of 
a household’s standard of living To 
insure a bountiful supply is always the 
concern of the country dweller who 
must depend on his own well Better 
pumps are always news to him 
A new type of centrifugal pump, 
based on the ejector principle, has been 
designed so that each pump with its 
fittings may be used in both shallow 
ar^ deep wells 

When in operation in a shallow well, 
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derstand the 

marvelous, fasci- 
nating story of 
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EMBRYO 
how we 
came 
mio ex- 
istence 

how we grew from 
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part of the water circulated in the 
pump case by the centrifugal impeller 
is diverted to the nozzle Water passes 
through the nozzle at high velocity mto 
the venturi tube, creating a partial 
vacuum, causing water to be drawn 
from the well and from the ejector noz- 
zle Passage through the ventuii tube 
converts velocity mto useful pressure 
The effect of the ejector nozzle and 
venturi tube is to increase both suction 
lift and discharge pressure 
For operation in a deep well where 
the water must be lifted more than 28 
feet, the shallow well ejector unit is 
removed from the pump case A pres- 
sure pipe IS then connected to the lower 
opemng in the pump case and the de- 
livery pipe fitted directly to the impel- 
ler opening The two pipes are inserted 
side by side to a proper depth below 
water level wheie they are connected 
with the deep well ejector unit con- 
taining a jet nozzle and venturi tube 
This, when needed, may be purchased 
separately Manufactured by the F E 
Myers and Brother Company, under 
the trade name of Ejecto, the pump is 



This picture shows the shallow well 
elector bolted to the pump cose It 
increoses suction lift and pressure 


driven by a standard type electric mo- 
tor of dual voltage and with overload 
protection 

The capacity of the new pump for 
use in both deep or shallow wells is 
an advantage m the event of the water 
recedmg in the same well, or if the 
owner wishes to shift over from one 
kind of well to the other 

POLYTHENE INSULATION 

Seen Widely Used 
When War Ends 

P OLYTHENE PLASTICS may be used for 
insulating undersea electrical cable 
after the war The material Is re- 
ported to be 'fungus- resistant and it is 
not attacked by salt water, a Du Pont 
expert says, explaining its advantages 
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What Strange Powers 

Did the Ancients Possess? 


E very important discovery relating 
to mind power, sound thinking and 
cause and effect, as applied to self- 
advancement, was known centuries ago, 
before the masses could read and write 

Much has been written about the wise 
men of old A popular fallacy has it that 
their secrets of personal power and suc- 
cessful living were lost to the world 
Knowledge of nature's laws, accumulat- 
ed through the ages, is never lost At 
times the great truths possessed by the 
sages were hidden from unscrupulous 
men in high places, but never destroyed 

Why Were Their Secrefs 
Closely Guarded? 

Only recently, as time is measured, not 
more than twenty generations ago, less 
than 1/lOOth of 1% of the earth’s 
people were thought capable of receiv- 
ing basic knowledge about the laws of 
life, for it is an elementary truism that 
knowledge is power and that power 
cannot be entrusted to the ignorant 
and the unworthy 

Wisdom is not readily attainable by the 
general public, nor recognized when 
right within reach The average person 
absorbs a multitude of details about 
things, but goes through life without 
ever knowing where and how to acquire 
mastery of the fundamentals of the inner 
mind — that mysterious silent something 
which “whispers" to you from within 

Fundamental Laws of Nature 

Your habits, accomplishments and weak- 
nesses are the effects of causes Your 
thoughts and actions are governed by 
fundamental laws Example The law « 
of compensation is as fundamental P 


as the laws of breathing, eating and 
sleeping All fixed laws of nature are 
as fascinating to study as they are 
vital to understand for success in life 

You can learn to find and follow every 
basic law of life You can begin at any 
time to discover a whole new world of 
interesting truths You can start at once 
to awaken your inner powers of self- 
understanding and self- advancement 
You can learn from one of the world’s 
oldest institutions, first known in Amer- 
ica m 1694 Enjoying the high regard 
of hundreds of leaders, thinkers and 
teachers, the organization is known as 
the Rosicrucian Order Its complete 
name is the “Ancient and Mystical 
Order Rosae Crucis," abbreviated by 
the initials “AMORC " The teachings of 
the Order are not sold, for it is not a 
commercial organization, nor is it a re- 
ligious sect It IS a non-profit frater- 
nity, a brotherhood in the true sense 

Not For General Dlsfribution 

Sincere men and women, in search of 
the truth — those who wish to fit in with 
the ways of the world — are invited to 
write for a complimentary copy of 
the booklet, “The Mastery of Life ’’ 
It tells how to contact the librarian 
of the archives of AMORC for this 
rare knowledge This booklet is not 
intended for general distribution, nor 
is it sent without request It is there- 
fore suggested that you write for your 
copy to the Scribe whose address is 
given in the coupon The initial step 
is for you to take 




Scribe A \ O 

The Roelcraclaii Order (AMORC) 

San tioee, California 

Pleafie send copy of sealed book 
let ‘The Mastery of Life,” which I 
shall read as directed 



at d symposium an pdlythmM ititfuk- 
tion and radio-frequency cables. Its 
use as an insulation on Submarine 
cable, and in other applications where 
contact with salt water has dele- 
terious effects on other materials, is 
being mvestigated Protective coat- 
ings for metal parts which corrode in 
salt water also are being studied 
“Polythene has very largely replaced 
all other materials in the insulation 
of military wires for high-frequency 
use,” the speaker said. “After the war 
it 18 expected that the use of polythene 
in electrical equipment will contmue 
and expand, and that further varieties 
and modifications of it will be de- 
veloped to meet specific needs” 

Once the material becomes available 
m quantity for civilian uses, there 
will be many fields of application in 
which Its unusual combination of 
properties will make it valuable Its 
good resistance to chemicals points to 
its utility m chemical equipment as a 
coating and gasketing material, while 
its impermeability to moisture mdi- 
cates a broad utility in containers and 
the packaging of foods In this field 
it may be used as sheeting, as mold- 
ing powder, or as an impregnant or 
coatmg of paper 

RADIANT HEAT 

Keeps Outdoor Pavements * 
Free from Snow 

Radiant heating, already functiomng 
m many mdoor installations, is now 
bemg brought out-of-doors to put an 
end to shoveling snow or choppmg ice 
from walks and drive-ways Such out- 
door installations have been made at 
factory plants, one at Bethlehem, Penn- 
sylvania, and the other at Buffalo, N Y 
Designers of some post-war filling sta- 
tions also ha\ e mcorporated similar 
use of radiant heating in dnve-ways 
leading to gas pumps 
At the Bethlehem factdry, employes 
had to walk out of doors a considerable 
distance from the main plant to the 
cafeteria Since it was not feasible to 
erect a covered walk-way, a concrete 
footpath was installed, with wrought- 
iron heating coils installed beneath A 



Steom pipes under the pavement melt 
snow before it con block the yard 
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Installing wrought>iron pipe coils 
for melting the snow by radiant heat 


snow- and ice-free walk resulted Hot 
water is circulated through the IV4 
inch pipes, for melting the snow which 
falls on the footpath, or to prevent 
the formation of ice during a freezing 
ramstorm 

In the Buffalo installation, low- 
pressure steam from the plant’s boiler 
IS fed into similar size wrought-iron 
pipe coils whenever it is necessary to 
melt and remove snow from the loading 
strip in the plant’s yard, before the fall 
has had a chance to pile up The in- 
stallation is 80 feet long and 8 feet wide 

Because of its case of fabrication, its 
weldability, its resistance to under- 
ground corrosion, and its high heat 
emissivity, wrought- iron pipe is used 
in both installations 

COOLER TIRES 

Made Possible by Process 

Utilizing Epsom Salts 

M AGNESiUM sulphate, sold in thou- 
sands of drug stores under the less 
technical name of epsom salts, is the 
key material used in a new rubber 
compounding process developed to re- 
duce the heat failure of heavy-duty 
synthetic rubber tires Chemical engi- 
neers have long known that the addi- 
tion of zinc oxide would make tires 
cooler running, but no method had 
been found to mix properly enough 
zinc oxide with the rubber 

Firestone engineers developed the 
magnesium sulphate process to solve 
this difficulty, and now equal parts of 
synthetic rubber latex and zmc oxide 
can be mixed together and coagulated 
easily and quickly Sufficient quantities 
of the new rubber have been produced 
for large-scale development and road- 
testing work 

PORTABLE PLATFORM 

Solves a Factory 
Unloading Problem 

T HE problem of unloading motor trucks 
on a narrow and congested street has 
been neatly solved by R J Reynolds 
Tobacco Company When mcoming 
loads were backed up at right angles 
to the receiving room door they blocked 


traffic badly and were a possible source 
of nuisance accidents ’Die Reynolds 
plan made it possible for the delivery 
truck to park lengthwise of the street 
for unloading, by building a rugged yet 
portable loading and unloading plat- 
form, which can be kept inside the 
building and out of the way when not 
in use 

When a loaded truck arrives at the 
plant the driver parks near the en- 
trance, close to the wall, and lowers the 
tailgate Then an Elwell-Parker fork- 
type power truck picks up the portable 
platform and spots it on the pavement 
so that it provides a continuous runway 
from the floor of the truck to the floor 
of the receiving room 

The unloading cr^w brings m an 
empty skid on a conventional hand 
truck The skid is loaded by hand, 
pulled into the receiving room, set down 
just inside the door, picked up by the 
power truck and transported to destin- 
ation A typical load is die-cut and 



ready printed blanks for cigarette car- 
tons, in bundles weighing 55 pounds 
and containing 500 cartons each An 
average skid load weighs 3850 pounds 

WATER PURIFICATION 

Now Includes Taste and 
Odor Treatment 

PROCESS for watei purification, de- 
veloped by The Mathieson Alkali 
Works, for the removal of “chlor- 
phenol” taste and odor has been de- 
scribed by G P Vincent, of the 
Mathieson research and development 
department The process consists of 
pre- treatment with chlorine to sterilize 
the water, followed by treatment with 



x 0432 X 74 ' « 3 t) ^ (24S X 0003 x U) 
= 1334*4- 


What about tba decimal point? Placo it ouickly 
and accuaataly with tho Dodmalixor Pockot 
M 80 , in laathor caao, $2 50t with axtra (mul- 
oplying and dividing) acala, *3 Monay*back 
guarantaa 

GEORGE H MORSE 

*27 2tth $1 South Ariington, Vo 


INVENTORS. Do Not Dolay. 

to order to PROTECT your Invantlon an d nop 
the reward that ahould bo youn. PATINT 
TOUT Invention without delay, and at tho aa m o 
time have RIOHTS to seU when Uanufacturera 
convert to Civilian Production. Write for 
Information TO-DAT 

RANDOLPH a aiAVSRS 
25 Columblon Bldg , Woshlngton, D C 




WriU Nalaon Co., at 1 a Wabaah a 


» HOME-STUDY 



For Scientific and Technical Books 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 


MAGIC ELECTRIC WELDER 

110 volt AC-DO weldB, braaea, aoldara, enta 
all metals, easy to uaa, full dlreotlom Oom- 
plete with power unit, flame and metalUe are 
attaohmanta carbons, fluxes, rods mask Usad 
by the Navy For profaaalonal or hobbylai. 
Only 119 95 

MAGIC WELDER MFG CO 
239 Canal St Dept PA 12 New York City 


PUT YOUR PATENTS TO WORK 


yra axper In Pats and 
for davtlopmcnt Frefm 


Raaponslble Arm of 33 
Ucenaing, daslraa Itama w. . 

Ideas adaptable Uoanalng exclualve baala WiU 
buy outright or take txoloalve franehiae Can 
develop special machinery if neeeaaary Submit 

S itent or drawings Explain proapaeta, eompatl- 
ve products and basis will do bunnoaa Box 5M 
Sclentlfio American, 14 Weal 40th Bt , N T 
18. N Y 


ARMY-NAVY BARGAINS 


Shot gun nipples 4 for 9J •• 

Pllirts assorted 10 for 1 •• 

Eagle buttons old style 6 for *5 

Cartridge belt, cal 30 double row 99 

Watering bridle bit and reins black 1 94 

Krag rear sight Model 92 . L** 

Prices do NOT Include postage Special circular 
mailed for 3c stamp 1945 catalog 308 pages mailed 
for one dol’ar 

P RANCIS BANNERMAN SONS 501 Broadway, N Y 12 



4,000 Parts Per 
Day with 
DI'ACRO Bender 


’'Enclosed 


picture 


taken in our ^nt which 
proves the DI ACkO Band 
er will do a real production 
job We are making 4,000 com 
pleted parts per day, which is 
competitive to most 
Power Presses ’* 

(Nam# on request ) 


Kara is an axampta of **DIE LESS DUPLICATING" typical 
of a i^rcat variety of formed parts readily made with DI ACRO 
Precision Machines — Benders, Brakes, Shears Picture shows 
the finished part formed to die precision, including acute 
right angle bapd Women operating DI ACRO UNITS 
maintain a high put put on production work 
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SEND FOR CATALOG 


347 IIOHTH AVI, SOUTH, 
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WEATHER OlAl? 


FORECAST the 
weather more intel- 
ligently. The ACE 
WEATHER DIAL is 


a scientific instrument that gives you 
a more accurate prediction from the 
reading of your own barometer The 
ACE DIAL shows a dozen variations 


Potfpo/d $1 00 h U*S A. 


W* H. REDDING 

5105 Ntwholl SI Fhlloddphio 44, Po 


/orFREEUTBMTUIIEM I 

BATiim 

■^NDTIIMI MAfllfS 

■ €.A.IIiOW«€Ol 

Rtg. F^*ntAtt0nuftShu*lS7} 

1 49* Sii«w tMg. WMkliiclM 1. 0. «.l 

Elfctrie Hetting Elemetts Now You Cai Repsir Them 

USE NICHROC1TE PASTE 

Simply overlap ends apply 
Nlohroclte Paste and ttim 
on current Used by large 
utility oompaniee Trial 
)rder $1 00 4 oc t2 60 
I pound 18 00 

Advance Co, Box 841 -SA, Minneopolie, Miiwt. 





Experimental and Mndel Wnrk 

Pine Xoatrumeats and Fine Uaohliiery 
Xnventloiu Developed 
Speelal Tools Dies. Oedtr OuttlBff Bfco 
HBNRY ZUHB, Inc, 1B7 lofoyetto St, N Y IS, N.Y 


Scientific American’s 
twe telescope books 

AMATIUR TILESCOPI 
MAKING anil 
AMATEUR TELESCOPE 
MAKING — ADVANCED 


wtre prepared before the war, with- 
out the slightest thought of sale to 
professionals. Came t^ war. Hun- 
dreds of new optical industries 
•prang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! InvesUgation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical staffs 

For their Workmen 

Why? 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two b^ks are in 
nearly every optical Industry’s offices 
in the nation. They ’’rate.” 

Amateur Telescope Making p4.00 
postpaid, domestic { foreign p4.35 
Amateur Telescope Making— ‘Ad- 
ranced ^3.00 domestict foreign #3.35 

SCIKNTIFIC AMERICAN 

14 WmI 4M tta New Yfk II, N. T. 


chlorine dioxide to remove taste and 
odor cauadd by phenolic waste. The 
chlorine dioxide is generated by dis* 
pensing a sodium chlorite solution mto 
the discharge Ime of a Wallace and 
Tieman chlormator A constant dosage 
of 0.5 parts per million available chlo- 
rine IS mamtained, which, it is claimed, 
IS sufficient to remove all taste in a 
severely contaminated water 

Followmg experiments with the 
process on a laboratory scale, plant- 
scale operations were carried on at an 
auxiliary filter plant of the City of 
Niagara Falls Water Department This 
plant, which supplies three to eight 
million gallons of water per day, has 
an “on-shore** intake which often be- 
came so contaminated with phenolic 
compounds, according to Dr Vincent, 
that the customary method of treat- 
ment was madequate Variations m the 
degree of contamination aggravated the 
problem 

Three months of operation with the 
chlorine dioxide process demonstrated 
that it destroys phenolic taste and odor 
permanently and completely, Dr Vm- 
cent stated Additional advantages 
claimed for the process are consider- 
ably reduced chemical costs and sim- 
plified plant operations The process is 
now used for purification of the entire 
Niagara Falls water supply 

SAFETY MATCH 

Cover Must Be Closed 

Before Striking 

I NTERESTiNG IS the mechamcal con- 
struction of a new safety match 
“card** recently developed by Mr 
Giuseppe Russo The cover is m one 



Left New match folder with cover 
open Right The cover locks closed 


piece, but both sides are hinged at 
the bottom as shown in the illustra- 
tions The top edges are turned in an 
arc and crimped with heat and pres- 
sure so that they retam their ^ape 
As the cover is closed after removing 
a match, the natural movement of the 
fingers holding the case causes the 
curved sections to snap mto a locked 
position Thqs it is almost impossible 
for anyone to strike a match with the 
cover open — an obvious safety feature 
in view of the number of accidents 
that have occurred with conventional 
match cards 

Although this newest match devel- 
opment is not yet on the market, it 
presents possibilities in paper saving, 
since the lower end of the match sec- 
tion can be made shorter than in the 
usuAl design and the cover corres- 
pondingly smaller. 


ON TECHNICAL BOOKS 

QuanttttM Umitod 
Ord«r Now 


Title Author 

Otigiaal 

Peka 

NOW 

Baking Powders 

Mendolsohn 

MOO 

42 50 

Hair Dyes BC Hair Dyeing 

Redgrove 

5 00 

2 50 

Chemical French 

Dolt 

400 

2 00 

Plant Growth Substances 

Nieol 

2410 

1.J9 

White Shoe l>ressings and Qaanars 
W D J^n 1 75 

1 00 

Chromosomes 

White 

t 50 

1 00 

Chemical Specias 

Timmermans 

400 

2 00 

Private Generating Plant 
Proton 

2 50 

1 75 

Roof Construction BC Repair 
Molloy 

2 50 

1 75 

Dictionary of Metals BC Alloys 

Camm 3 00 

t 75 

Superhet Manual 

2 50 

1 75 


WirdMf Coik, ChokM flc Tratuformcn 
Camm 2 50 

Book of Garden Improvamants 

Brett 2 50 


Manual of Endocrine Therapy 

Ciaberg I 25 

Milling Practice 

Molloy 2 00 

Plastic Molding 

Dearie 4 00 

Tropical Fruits 

Sukh Dvel 2 75 

Welding Be Metal Cutting 

Molloy 2 50 

Engineers Manual 

Cemin 2 50 

Rancidity in Edible Fats 

G H L«e 4 00 

Handbook of Mica 

Chowdhury 6 00 

Utilization of Fats 

H K Doan 6 00 

Stromberg Injection Carburetor 

Fiehar 2 50 

Pumps and Pumping 

Molloy 2 00 

Reinforced Concrete Construction 
Cantall 3 00 

Elementary Mathematics for Engineers 

FlatninK 2 50 1 50 

Press Tools 

Molloy 2 50 1 75 

Jigs, Tools Be Fixtures 

Gatae 4 00 2 00 

Methods BC Analysis of Coal Bc Coke 

1 50 1 00 

Aviation Instrument Manual 

5 00 3 00 

Wiring Orcuits 

SttMrt 

Modem Oil Engine Practice 
B sdolloy 


I 75 

1 25 

2 00 
1 00 
200 
I 75 
I 75 

1 50 

2 50 

3 00 
3 50 
I 75 
1 25 
1 50 


2 50 


5.00 


I 50 
3 00 


(To above prices edd 10 cents domestic postsgs 
for eech book. For foreign postage add 35 cent, 
for each book.) 


SCIENTinC AMEiaCAN 

24 W.II 40«h 8L N.W Twk 18, M. Y 


250 


SCIENTIFIC AMERICAN • APRIL 1945 





Olirrtiit Biilittiii 
Brills 

Conducted by K. M CANAVAN 


(Th« Editor yrlll appreciate it 
If you will mention Scientific 
Amerioon when writlna for any 
of the publications listed below ) 


Quality Control is a 140-page book 
designed as a gage reference text by 
a prominent manufacturer of precision 
measuring instruments Over 200 pho- 
tographs, diagrams, charts, and tables 
make the explanation of scientific in- 
dustrial inspection both interesting and 
informative Conversion tables and 
measuring data give pertinent informa- 
tion on precision measuring methods 
The text gives a comprehensive work- 
ing knowledge of quality control as it 
should be used in modem production i 
Continental Machines, Inc , 1301 Wash- 
ington Avenue South, Minneapolis 4, 
Minnesota Single copies gratis when 
requested on company letterhead 

Harco Masts and Towers — EIasy to 
Erect is a 24- page catalog present- 
ing general information, construction 
details, and complete specifications for 
rune tjrpes of masts and towers, rang- 
ing from 20 to 500 feet high Among 
the installations described and illus- 
trated are mobile and portable umts, 
permanent installations, guyed, self- 
supporting, square, triangular, and 
tapered towers Harco Steel Construc- 
tion Company Inc , 1180 East Broad 
Street, Elizabeth 4, New Jersey — 
Gratis Request this catalog on your 
business letterhead 

B F GkiODRicH Rechargeable Storage 
Battery for Flash-Lights is a six- 
page catalog section describing a re- 
cently introduced rechargeable wet 
storage battery, which is built on the 
same principle as the automobile stor- 
age battery A complete description of 
the battery, chargers, and testers is 
given, with figures showing the op- 
erating savings in battery costs when 
flashlights are in constant service B F 
Goodrich Company, Industrial Prod- 
ucts Division, Akron, Ohio — Gratis 

Some Problems Influencing The Draw- 
ing OF Fine Wire, by H P Edinga, 
is an eight-page folder describing the I 
industrial importance of fine wire and I 
discussmg its drawing problems The I 
relationship of die wear to length of ! 
wire drawn is pointed out in chart | 
form North American Philips Com- ' 
pany, Inc, Publicity Department, 100 
East 42nd Street, New York 17, New 
York — Gratis 

The “Hundred” Series is a four-page 
catalog describing a line of face 
shields all designed for safety, with 
the primary premise of comfort Com- 
plete specifications and prices are 
given for various models of different 
thicknesses and sizes of cellulose ace- 



All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contains a message of particular impor- 
tance to ^roduaion men This is your 
opportunity to obtain a copy of this 
famous book, which has been described 
as a ^’turning point in the lives of liter- 
ally thousands of men”’ 

Although “Forging Ahead in Busi- 
ness ’ has been distributed to more than 
3,000,000 men, today’s timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry 
It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
signihcant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
“Forging Ahead in Business” 

“/n tktrty minutes thts Itttle hook 

f are me a clearer picture of my 
ustness future than I've ever had 
before ” 

and that represents the opinion of 


the Institute’s 400,000 subscribers, tn- 
eluding 134fOOO production men! 

The booklet further explains^how it 
is possible to offer this essential train- 
ing in a minimum of time, how the In 
stitutc program fits in with the most 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in “FORG- 
ING AHEAD IN BUSINESS” are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines ( orp , and Frederick 
W Pickard, Vice President and Direc- 
tor, E I du Pont de Nemours & Co 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, is wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual— the man with 
ambition and “drive”— “Forging Ahead 
in Business” has a message of distinct 
importance If you feel that it is in- 
tended for you, don’t hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


ALEXANDER 

HAMILTON 

INSTITUTE 


Alextndtr Htmilton lasdtutt 

35, 71 West 23rd Street, New York 10,Ntw York 
in Canada, 54 Wellington Street, Weac, TOfOMO 1, Om 
Pltaae maol me, without coa^ a copy of Che 44-pan 
book— ’FORGlSlG AHEAD IN BUSINESS ” 


Firm Name 
Business Address 


Home Address 
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The Editors Recommend 


mocEDtJitss m bxpirimkntal ravsics •— 

By t0kn Sfrowf, BhJD, A wealth of ueelttl d«U of 
a Itraofleal kind for the eonatructor, expanroenter, 
and akIHed craftaman •6.80 

STEBL SQUAWI POCKET BOOK — By Moiyht 
£r* St9ddird» Praetical methods for using the car 
penter'a steel square for layout work of all kinds 
Time tried asethMS used hy two generations of car 
penters and found both rapid and accurate 81 00 

4 MANUAL or MECHANICAL MOVEMENTS 
By W, M* Clmrh* Presents fundamentals on which all 
maohinaa are built 400 iUnsttations and 160 photo 
graphs of models demonstrating mechanical principles 
supplement the text $8 10 

TOOL BIAKING — Bv € M. Cefe. Initruttions lor 
making and uting all Ikinda, from personal toola to 
arbor preaaea. lathoi. planera, etc , in different 
metals $8 60 

TECHNIQUE OP PLYWOOD — By ChmrU* B 
Norrtt Teobnical information on all phases of ply 
wood manufacture and ttse« compllad lor angineera, 
deaigners, and uaera of plywood Important to 
many phases of wartime housing and manufacturing 
problems $8*80 

OPTICAL WORKSHOP PRINCIPLES — By Cef. 
Chartm$ Died War time translation of a Franch 
work on precision shop optics, with heavy emphasis 
on actual handiwork Covert fUaa. abraaivaa. cemanta, 
mechanical thaory of working optical surfaces sur 
facing, testa, centering, and so on 86 10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A classic refarenee book raeently revised and brought 
up to date to keep pace with recent research In 
eludes material on all branches of chemistry, physics, 
and allied sciencee Used In laboratories and by 
engineers throughout the country Flexible binding 
2571 pages 84*10. Foreign 84 SO postpaid 

ATOMIC ARTILLERY — By John KoUoeh 
Bobort§mn Electrons, protons, positrons, photons, 
neutrons, and cosmic rays, all doaenbed for the 
layman in plain language Also transmutstlon of ths 
elements and the manufacture of artihrial radio 
activity 88*85 

EXPBRlM^kNTAL SPECTROSCOPY — By Bmiph 
4 Ssmrywr Covers theory and types of spectroscopes 
end spectrographs, mounting and use of gratings, 
determination el wavelengtha. Infra red spectroscopy 
tpeotrochemical analysis, and so on Somewhat 
•‘lementary but reqibrea knowledge of physios and 
•ome physical optiea 88 10 

EXPERIMENTAL ELECTRONICS By Ralph 
B MmUor, JL £* Cermwn, mnd M B Drou 
A solid book of eminently pratical information on 
the eharactenstiea and non communication applies 
tions of electron tubes The text describes experi 
meats and presents results For students, radio 
engineers, commualeationa experts, and the serious 
general reader 84 78 

PRISM AND LENS MAKING — By F* Twymon 
A wide variety of notes based upon a long lifetime 
of practical optical shop work Not a full step by 
slap manual but a valuable working aid to the ad 
vaneed teleaeope maker and others In optical work 
While the text deals eatansibly with professional 
quantity productfen. much of it is basically implic 
able to^ single pieee work 84.60 

PLASTICS — - By / H. Duhoi$ RevUed enlarged 
edition of an important work on the whole gen 
cral subject of plaatica, plus much new material 
on synthetic rubber, manufacturing proceatea. and 
plastics moldings 88418 


Best Sellers 


In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Hmrotd C* tCotly Definite, outright, practical in 
structions on watch making repairs, and adjustment 

88 85 

SLIDE RULE SIMPLIFIED ^ By C, O HmrrU, 
How to use a slide rule without any of the mystifi 
tatlun that often aurrennda this important tool of the 
engineer Excellent Illustrations make everything 
clear 88*60 including a slide rule* for book alone 

•8 60 

THE ELECTRON MfCROSCOPE — By Burion 
mnd Kohl, A wall arrltten account of this newest 
tool of science, with all technicalities explained for 
complete underatandlng by average person. 88.98 

A COURSE IN POWDER METALLURGY — By 
Wmltor /. Boowm, A sound view of the overall tub 
Jeet of powder metallurgy which will serve as sn 
excellent guide and reference book 88.60 

THE PHYSICS OF MUSIC — By ^lexsnifer 
Woodt D, 5c Technical scientifie treatise eevering 
the border line between aclence and music Nature 
of sound, resonance, pitch, the ear, musieel quality 
and so on is its scope It gets down to tangibles in 
a aolentifie aanae 88 10 

PLASTICS. PROBLEMS AND PROCESSES — By 
Monsporgor and Poppor The whole atory of plas 

tics, including a resume of manufacturing processes 
and a number of thorough going chapters devoted to 
plastics uses 8S 10 

THE FUNDAMENTALS Of CHEMISTRY — By 
Monroo M 0#n«r. Thi* lent introduces the reader 
tu elements electrons acids alkalis, and so on and 
then covers chemistry and if* relationship to everv 
day life 80 cents 

ELECTRONIC PHYSICS — Bv Heeler. Loin, mnd 
Seonton A simplified text for those who desire to 
acquire a sound basis for following the advance of 
applied electronics 83 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — By C F OUlello 

How tu prepare many of the well known resins and 
plastics in the laboratory Understanding of tha 
text requires a knowledge of organic chemistrv 

•8 10 

FUNDAMENTAI.8 OF OPTICAL ENGINEERING 
By DonoJd H Jacob* This new work starts 
out at the very begifining is mainly non mathe 
matical, and is probably the best suited of all 
existing books as an introduction to optical design 
Author IS a physicist at Bureau of Standards 88 10 

FUNDAMENTALS OF PERSPECTIVE — > By 
Thoodoro DoPo»toU» Aid A method of showing 
the order, or sequence. In which lines of a perspective 
are drawn Uae of colors numbers and arrows 
eliminates much text found in other books on this 
subject 20 loose sheets in binder 82 60 

MACHINERY'S HANDBOOK — iith Edition 
**Bible of the mechanical industry," 1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room 86 10 


The above prices are poatpaid in the Unitoil States* Add, on foreign orders, 
88 d for postage on each book, oxeopt as noted 
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late general-'Piirpose windows, 24* 
mesh screen windows for heat protec- 
tion, and fiber fronts fixp Bcar&ig and 
welding TM Boyer-Cempbell Com- 
pany, 6540 Antoine Street, Detroit 2, 
Michigan -r-Oratis. 

Bulletin No VLl-44 describes a line 
of new hydraulic straightening 
presses, for handling both finished and 
rough work, made of rugged reinforced 
welded steel construction with built- 
in motors Colonial Broach Company, 
P, O. Box 37, Harper Station, Detroit 
13, Michigan — Gratis. 

Ilg Research Laboratory, Devoted to 
THE Scientific Study of Air, is an 
eight-page brochure showing testing 
and research scenes in this new labora- 
tory which makes available to engi- 
neers, scientists, and laboratory tech- 
nicians the very latest instruments 
for measuring air, electricity, sound, 
light, and vibration Ilg Electric Ven- 
tilating Company, 2850 North Craw- 
ford Avenue, Chicago 41, Illinois — 
Gratis 

Micromax Electric Control— Dura- 
tion-Adjusting Type is a 25-page 
catalog describing a new control sys- 
tem for regulating heat-input of elec- 
trically-heatbd units. Request Catalog 
N-00A(2). Leeds and Northrup Com- 
pany, 4934 Stenton Avenue, Philadel- 
phia 44, Pennsylvania --Gratis 

At Ease Aloft is a 32-page booklet 
designed primarily for Pan Ameri- 
can passengers This booklet contains 
facts on Latin America, global geogra- 
phy, information on aviation, air mail 
and express, famous flights and avia- 
tion progress, and pages of games and 
puzzles Pan American World Airways, 
Advertising Department, 135 East 42nd 
Street, New York 17, New York — 
Gratis 

Plastics--The Pressure Processing or 
Synthetic Resins is an 18-page bul- 
letm for post-war planners considering 
the use of plastics It describes materi- 
als, processes, -and equipment for most 
types of plastics product production 
Request Bulletm 4404 The Hydraulic 
Press Manufacturing Company, Mount 
Gilead, Ohio — Gratis 

Put That Fire Out is a leaflet based 
on authoritative information on what 
to do when fire is discovered, how to 
put out small fires, and how and when 
to use different types of extinguishers 
National Fire Protection Association, 
SO Batterymarch Street, Boston 10, 
Massachusetts — Gratis 

Annual Report or the Smithsonian 
iNSTiTunoN 18 80 percent general ap- 
pendix containing repnnts of scien- 
tific articles on sunpower; synffietic 
textile fibers, oil geology; new metals, 
oceanography maps; camouflage in 
nature; reptiles; plants of China; nat- 
ural rubber, origin of Far Eastern 
Civilizations; chemotherapeutic agents 
from microbm; treatment of war bums; 
and similar subjects, a total of 500 very 
readable pages. Superintendent of 
Documents, Washington, D* C,-^2J00, 


SCIENTIFIC AAABMCAN 


APRIL 1945 



Our Book Corner 

THE EOOK DEPARTMENT of Scioiiftfic Amoricoii is conducted, with the 
co-operation of the Editors, to moke ovoRoWt for you o comprehensive 
book service Eoch month the Editors select ond review in these columns 
new books in o wide ronpe of scientific ond tochnicol fields. In oddition, 
they ore reody ot oil times to odvise you repording the best ovoiloble 
books on ony sub]ect. You ore invited to use this service freely Tell our 
Book Deportment whot kind of books you wont, ond you will be furnished 
with the Homes of ovoiloble books, includinp prices When inquiring 
obout books, pleose be specific, remember thof we con be of the greotest 
help only when you tell us just whot you ora looking for Books fisted 
in thoM columns moy be oMered from our Book Deportment Add 25 
cents per book for moiling outside U. S. 

TO MAKE CERTAIN thot books ordered by or for men In the Army, 
locoted in the United Stotes, or men In the Novy, Morines, or Coost 
Guord, locoted onywhere, will be delivered, Insuronce fees should be 
sent with orders, os follows: To $5 in volue, lOp odditionol, from $5 to 
$25, 20<; from $25 to $50, 30d 


FLIGHT TO EVERYWHERE 

By Ivan Dmitri 

D o YOU want a front-row seat from 
which you can view, in vivid pic 
tures and exciting text, the far-flung 
operations of the American Transport 
Command’ Then Mr Dmitri’s book is 
the one for you. It takes you from 
New York to South America, to Ascen- 
sion Island, to the Gold Coast, across 
equatorial Africa and Arabia to India, 
and dien on over the **hump” into Free 
China Not only that, but it brings 
you back by way of the Mediterranean, 
Casa Blanca, Scotland, Iceland, Green- 
land, and Labrador The countries, 
their peoples, and the day-to-day life 
of the ATC men form the subject 
matter for Mr Dmitri’s versatile cam- 
era and facile pen Without a doubt, 
this is the most impressive volume 
of its kind ever produced. A large 
proportion of the illustrations are mar- 
velously reproduced in four colors 
(240 pages 9 by 11 inhes map end 
papers ) — $6 10 postpaid— AP P 

WHAT IS VOCATIONAL 
EDUCATION? 

By George H. fern 

H ighly important to the future of the 
world 18 the future of vocational 
education Such an important aspect of 
life must be planned as an integrated 
whole with general education and not 
be permitted to grow in a haphazard 
manner The present book is aimed 
specifically toward such coordination 
and presents the philosophy and pur- 
pose of vocational education, tog^er 
with operating plans which have proved 
succeed. (159 pages, 6 by 9 inches, 
a number of illustrations )-^60 post- 
paid.— APJP. 

LIGHT. VISION AND SEEING 

By Matthew Luckiesh 

S BOfO is a complicated function, and 
the conditions of life today in a 
world of mass production by intricate 
and fast-moving machines impose 
greater burdens on human visual or- 
gans than ever before in human evo- 
lution. The proUetn is an iinportant 
one These considerations serve as 


a background for the comprehensive 
review of all the factors involved m 
the relationship between light and 
seemg contained in th»s book. The 
authoi is the director of the lightmg 
research laboratory maintamed by 
General Electric, and he believes that 
the whole intricate question of im- 
proving human eyesight can be summed 
up m the slogan “Better light— better 
sight” Readers who wish to acquaint 
themselves with the author’s detailed 
analysis of the relations of light to 
htiman seeing will find that he has 
packed into his book the results of 30 
years of research on the problem (323 
pages, 6 by 8^ mches, with many pic- 
tures, charts, and graphs)— $4 60 post- 
paid — / C 

METAL FORMING BY 
FLEXIBLE TOOLS 

By Chris J, Frey and 
Stanley S Kogut 

A lthough fiexible tooling is a child 
of the aircraft mdustry, it is rapid- 
ly being adopted by many other m- 
dustries where sheet met^ problems 
hold important places The content of 
this book covers a description and ex- 
planation of flexible tools, and then 
goes on to discuss press equipment, 
rubber dies, forming methods, die 
manufacture, hammer operation, the 
power brake, and so on (193 pages, 6 
by 9 inches, a number of informative 
charts, tables, and illustrations.)— 
$310 postpaid.— AP jP 

HIGH FREQUENCY 
INDUCTION HEATING 

By Frank W. Curtis 

T ms method of heaUng metal parts 
which is finding a widening accept- 
ance in industry is here given the thor- 
ough exposition that it deserves. In 
hardening, heat-treating, brazing, an- 
nealing, forging, and melting, as well as 
m many other applications, high-fre- 
quency heating has already shown 
great advantages over older methods. 
The author has put in this book 
answers to the many questions con- 
cerning induoUon heating which metals 
men and other technicians have been 
asking in their anxiety to utilize its 


For those who take 
Flying seriously . . . 



By 


Alfred Lande 

Professor of Phystes, 

Ohio State Umversity 

The vast pilot training pro- 
gram now in progress is 
sure to continue after the 
war Now is the time to 
prepare yourself if you are 
interested m peace-time 
aviation 

PHYSICS OF FLIGHT 
gives you in condensed 
form all the essential prin- 
ciples involved in the flight 
of heavier-than-air ma- 
chines and discards the non- 
essentials. Numerous dia- 
grams and self-instruction 
problems show the applica- 
tion of the principles dis- 
cussed 

The book clearly discusses 
instruments of navigation, 
and there is a good diction- 
ary of air terms in the back. 
Convenient size, and light- 
weight, so novice airmen 
can keep it handy. 

125 Pages $2.50 

At Your BookitUtr or Dirtet 

REINHLD PRRUSRIlie eORP. 

330 Wm» 42iid St., Hm' York 18, N Y 
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MT StUUE— MT UJECTS 
MT JINK ! 

Bach pMca gucrantMd a baaudful gtm 
of optical and machanicat workmanihip. 
Nothing jiiit like this matarial hat avar 
balofa OMtt offarad to amataurt* Our 
prkat ara a tmall fraction of original 
cotU. Limited tupply availabla of itamt 
littacL 

ORDER NOWI DON’T BE SORRYl 

BYBPIBCB IN FOCUSING MOUNT, 
(35MM) F.L. Surplus lot from 
war instrument. Tramandously wida 
field of viaw. Diamatar of aya Ians 
mora than fiald Ians All 

outiida Ians surfacas fluorida coatad. 
Moat ramarkably affictant (brilliant) 
ayaptaca avar, aach ^.50. 

Bushing to fit standard 114'" tale- 
scope tuba il3.00 extra. 

Bushing to fit your special tuba stz# 
M4.00 extra. 

DOUBLE ACHROMATIC LENS SYS- 
TEM. All outside surfaces fluorida 
coated. FX. 21 / 2 '' (64MM). Mounted 
O.D. 1-3/16'' (30MM). Clear aper- 
ture ^s*' (23MM). Suiubla for in- 
verter with the above ayapiaca, as an 
excellent magnifier of 4 power and as 
a projection lens for Kodachrome 
slides size 2x2. Bach ^3.50. 
ACHROMATIC CEMENTED OB- 
JECTIVE, lys'^ (4SMM) diameter, 
lOV's'' (264MM) F.L., not mounted, 
fluoride coatad, ^3.00. 

FOR OTHER SIZEB-^BB OUR CATALOG 
bQRR<3RSi Front surface aluminized 
trapezoid, 3V4^ x 2Vs^ x 2 */ 2 ", 1/16^ 
thick, each 234$ also 1%* x 2** 
(irregular) 1/16* thick, each 234. 
PRISMS t Excellent optical surfaces and 
very close angle tolerances, 1* x iVi* 
face. For smaller reflectors, each 
#2.33. 

Size 2i^2* X 2 V 2 * Prism, unmounted 
white optical glass, excellent optical 
quality, slight edge imperfections, 
each #7.30. 

Size 2^2* X 2y2* Bausch SC Lomb 
Prism, in housing. For photographic 
or astronomical purposes where the 
highest perfection is needed, each 
#30.00. 

Also the following in metal 
moiintingt, ready to make into 
diagonals; fluoride coated; meet the 
most exacting requirements, corrected 
to 2 seconds of arcs 

SiMtr 

9/16” (15MM) s 11/16” (18MM) 0 
$2*00 (MtltsbU lor micro projoctioa) 

1 . 1 / 16 ” ( 27 MM) X I. 3 /I 6 ” (50MM) ^ 

$3 00-^oc 6” SC S” dlomtcoc roRoclon 
I 5/16” ()4MM) s M/4” (33MM) ^ 
S3 50-^or 6” SC 8” dkoM^ toflodocs 
Also: Amici roof prism, double ip 
verting, guaranteed corrected to 2 
seconds of arc, 13/16* (21b^) i 
13/16*, each #2dX>. 

NOTE: Diagonals can be made to your 
specifications ortth above pnsms. 

ACHROMATIC NEGATIVE LENS 
about — 12* F.L., suitajble for Barlow | 
tens, in metal mount 1-1/16* 
(27MM) OJD.; clear aperture %* 
(23MM), each #24)0. 

POLAROID, mounted hi optical glass, 
suitable for telescope or camera, I* 
(23MM) diameter, 1/16* thi^, each 
# 2 . 00 . 

Include PeSieae — REMIT WITH ORDER 
NEW catalog of lenaet, prtimt, etc , ne% 
la pripc. Send lOr 

HARRY ROSS 

ifffrorcope#. SthnHfU mid Lahmrmory 
A$pmthit 

n W 8'way, R. Y 7, N V 


advantages in their own shops. Execu- 
tives, engineera, and production men in 
the metals mdustiies will find the book 
extremely Infmnative. (235 pages, 5^ 
by inches, with many illustrations.) 
postptdd.— J.C. 

HOW YOU CAN GET 
A BETTER JOB 

By Willard K. Lashor and 
Edward A. Richards 

P ROMOTIONS in business and industry 
are commanded by those who in- 
crease their worth, not only by ac- 
quirmg additional skill and knowledge, 
but by adding those intangibles of 
character, tact, and leadership This 
book is designed to furnish a workmg 
background against which the reader 
can prepare himself in all these as- 
pects for a step upward m his chosen 
method of acquiring a livelihood Em- 
phasis is on the overall subject of char- 
acter improvement (206 pages, 6 by 9 
inches, illustrated ) —$1 60 postpaid — 
APi> 

TRAINS. TRACKS AND TRAVEL 

By T W. Van Metre 

W tiJTTES originally for boys who 
wanted tp know all about hich 
iron, singing rails, and highballing, this 
lively book has now reached its sixth 
edition, mdicating that grown-ups as 
well as boys ar6 findmg in it all they 
want to know about railroading Not 
only IS it a rich source of information 
about trains and locomotives, past ahd 
present, but it deals with trac^ road- 
beds, and bridges as well as all the 
complex work of keeping a railroad 
going And, by the way, the clear 
photographs and reproductions of old 
prints are a joy (412 pages, 6 by 9 
Inches, laviAly illustrated ) — $3 60 

postpaid —J.C 

ROCKETS, OYNAMATERS, 

JET MOTORS 

By A. L Murphy 

Q uestion-ano-answxr form is used 
m this text which is designed to 
acquaint the unimtiated with rockets 
and all the variants thereof Types 
of rocket and }et motors are discussed, 
as well as vehicles and craft to which 
these power systems may be appbed< 
The treatment is semi- technical, scien- 
tific data and constructional details 
being completely omitted However, 
a number of drawings are useful in 
understanding Ihe explanations One 
bright feature of the text is its calm 
presentation, it stnves to put rocket 
and jet motors in their proper place. 
(169 pages, 5% by 8 inches, illustrated, 
comprehensive index)— $260 postpaid 
— AJPJ> 

INTRODUCTION TO 
NAVAL ARCHITECTURE 

By John P. Comstock 

T he immense mcrease in shipbuilding 
that has come about as a result of 
AfTeericB's partiapation m the war has 
created a need for naval architects and 


ship designers. Thl$ bnoAt is meant to 
serve as an introduction to the aub- 
ject and is bas^ subetimtia^ qn A 
course in* naval archiiecture giyen by 
the author to the huU drawing ap- 
prentices of a well known sbipln^ding 
company. Students of ship design will 
ben^t from the book, and will un- 
doubtedly find it a fl:i^ step toward 
a closer acquaintance with an impor- 
tant department of marine technology 
(209 pages, 6^ by 9 inches, lavishly il- 
lustrated.)— $410 postpaid.— J.C. 

THE COMING AIR AGE 

By Cleveland and Neville 

E veryone freely proclaims that this is 
the age of aviation. But what many 
fail to realize is that the age of flight 
brings with it many international com- 
plications and knotty problems, both 
economic and political Many of these 
problems of aviation in the coming 
peace-time world are discussed with 
great mtelligence m this excellent sur- 
vey of the probable future of the air- 
plane Among the topics are the fas- 
cmating one of air age geography and 
the controversial one of transporting 
freight by air In addition, the airline 
of the future is described as it will 
probably exist when the slogan *^non- 
stop from everywhere to everyv^ere 
every ten mmutes** is something more 
than a publicity man's catch-phrase 
In a word, all who are mterested in the 
future of civil aviation m its overall 
aspects will find this book extremely 
informative (359 pages, 6 by B^t 
inches, with illustrations) — $2fi5 post- 
paid.— J.C 


WITH THE WATCHMAKER 
AT THE BENCH 

By Donald De Carle 

F ourth edition of a practical book for 
the watchmaker, the student, and 
all those inter^ted in timepieces and 
their repair The text will also interest 
those engaged in the manufacture or 
repair of delicate instruments of all 
kinds The instructions are simple yet 
practical and are the next best thing 
to workmg side by side with a skilled 
watchmaker who can impart his 
knowledge as he works. (2^ pages, 
5 by 7 inches, 166 illustrations.) -r- 
$310 postpaid— Ai^.P 

AIRCRAFT SHEET METAL WORK 

By C. A. LeMasfer 

A BENCH manual for those actually 
engaged in aircraft sheet metal 
work, and one that such workers will 
find helpful and informative Prepared 
witii the assistance of many aircraft 
and to(A companies, the volume covers, 
from a ^how to do it" angle, aoch 
topics as bluepnnt reading, template 
layout patterns for ben^ riveting, 
soldermg, brazing, welding, and di'op 
hammer work. The illustrations and 
diagrams are plentiful and illuminat- 
ing, and, in every way. the book is at- 
tractively put together for purpose 
the author and publishers had in mind 
(387 pages, fiH by 9% inches, Index.)— 
S3 85 postpaid.W.C 
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Telescoptics 

A Monthly Department for the Amoteur Telescope Maker 

Conducted by ALBERT G. INGALLS 

tda«r of tho Sctontifle AmoHcfNi bookf ^'Amcitour ToIomoim 
euiel '^Amotowr ToIomoibo MokUif— AA voiwo#'' 


T he following ie a continuation of 
the article on making objective 
lenses without recourse to an optical 
flat, begun last month by Patrick A 
Driscoll, of Rochester, N. Y. 

So far we have tested only for radius 
of curvature. In testing for figure or 
irir^ularities we revert to the small 
pinhole and we may use the edge of 
the frosted glass as the knife-edge 
When the test plate has been polished 
to a curvature of —93551 and cor- 
rected for irregularities (we want the 
even gray shadow of the sphere) we 
turn It over and on a new polisher 
proceed exactly as before to polish the 
-2884fi4 curve This will not m any 
way affect the figure of the first side 
The —66646 curve of the Hint glass 
will be our next surface to polish Smce 
this surface ifTto be used not only as a 
temporary test plate, but is also our 
flint component, it then follows that it 
must be polished completely, leaving 
no pits A scratch on any of the surfaces 
should be ignored, as the time expended 
to regrind or polUh it out is not worth 
the mfimtesimal amount of light lost 
tn transmission. 

TEST PUTE READING-Having all our 
minus curves poUslied, we are now 
ready to polish the plus curves, and 
now at last comes the application of 
test plates. We shall start to polish the 
back side of our fiint component (the 
2884 64 side) As soon as we have a 
reasonable polish on it we are ready 
to test, and we must now enter into a 
short study of the behavior of interfer- 
ence fringes, or Newton’s rings We 
place the —2^ 64 side of the test pla^ 
on the flint lens and, using a sodium 
light (**ATMV’ page 244), if we have 
ground tightly to our gage, and if we 
have entirely freed both surfaces from 
dirt or lint which would prevent the 
ring pattern from forming, we shall 
immediately see the rings. 

We place the thumb and forefinger 
of each haz^d on the edge of the test 
plate, making a roughly four-cornered 
application of pressure, and press light- 
ly The rings, under pressure, vdll ap- 
pear to well up, or roll into center 
of the lens. If the rings well up out of 


the center and roll to the edge, the lens 
18 “high,** too convex, or overcorrected 
If, under pressure, they roll in toward 
the center and seem to disappear down 
into the center, then the lens is “low,” 
too concave, or undercorrected The 
simple and easily remembered rule 
of test plates can be memorized by this 
mnemonic “Since high is up and low 
is down, then it follows if the zings 
come up the lens is too high, if the 
rings go down the lens is too low ” 

If the lens is high, or too convex, we 
must polish the center more than the 
edge. If low or too concave we must 
polish the edge more than the center 
On this job all surfaces are permitted 
to be as much as five rings higher or 
lower than the test plate that fits them 
This will give us a ten-rmg range for 
smoothing out irregularities For every 
nng (consisting of one bright band 
plus one dark ^nd) we are 1/100,000'' 
away from our test plate curve 
If the rings are even and concentric, 
then the lens also will be spherical 
and have no zones 
If, imder Foucault’s test, the test plate 
showed no zones, then any zones that 
show m the rings will be on the lens 
surface we are testing 
Now for the contour test, or using the 
test plate to show what the surface is 
by an actual picture It is not necessary 
to know this method but it will help 
the worker in tmderstanding how his 
test actually looks We place the test 
plate on the lens and, when the rings 
have appeared, apply pressure with 
one finger on one side of the lens at 
the edge The rings appear to roll either 
toward or away from the pomt of 
pressure. They roll apparently right off 
the edge of the lens and then leave 
curved bands (Figure 3) 

If the rings roll away from the point 
of pressure they will show such a 
series of bands as in 1, if toward the 
pomt of pressure they will show a pat- 
tern such as in 2 

If we regard the drawings as round, 
framed pictures and the pomt of pres- 
sure as its bottom, then 1 is a picture 
of a lens that is too low and 2 a picture 
of a lens that is too high 
Again 3 is a lens that is high, with 


a Itfde or low zone in the center, and 
4 a lens that it low, witi> e itill lower 
hole or zone in the center. 

CENTERING — When the lenses or com- 
ponents have all been polished and 
show approximately five or leas con- 
centric rings above or below the test 
plate (ignore turned edge if not over 
Vfc’’ wide, as the cell moimting will hide 
it), we are ready to center or true them 
up and bring them to equal diameter. 
I believe that a centering spindle should 
be vertical, to minimize chance of the 
lens falling off while its optical axis is 
being lin^ up to make if run true 
with the axis of the spindle The fiinu 
lens will be centered first, as the 
possibilities of developing prism or 
“wedge” in it are much greater ^an in 
the crown Unless our measurements 
around the edges of the components, 
to eliminate wedge in grinding, were 
very lax, the crown will be so close 
that it will unquestionably center 
down to the flint, whereas the flint usu- 
ally loses more in centermg, due to the 
long radius of curvature of its back 

The spindle may be anything that 
mgenuity may devise Figure 4 gives 
an idea of one such setup The target 
used in alining the optical axis of the 
lens may be an ordinary flashlight with 
a “T” cut in a black paper mask placed 
over its end. Spindle speed should b«* 
about 250 rpm The target should be 
about 2' above the spindle 

The flint lens is mounted on the 
spindle in the following manner: Take 
it upstairs to the kitten and, over 
the little woman’s or girl friend’s pro- 
tests, place it m the cold oven With 
the gas turned low bnng it »lowly to 
a temperature that could be called 
“good and warm”— say, 140 degrees 
Fahrenheit. 

Next, heat the spindle with a bunseo 
burner, smear ordinary sealing wax 
around its edge, and place the warm 
lens on it Rotate it slowly ^d note 
the reflections of the target light ’There 
will be two, one from each surface 
of the lens, and these reflections will 
appear to rotate as long as the optical 
axis of the lens remains eccentric with 
the axis of the spindle Revolve the 
spindle and move the lens fills way and 
that (warming the spmdle occasionally 
with the burner to keep the wax soft) 
until the reflections are stationary Now 
the respective optical axes coincide 
but, unless the lens edge was ground 
more uniformly to thickness all around 
than IS likely in spite of care, the len*^ 
Itself is off center and must bs cen- 
tered The actual centermg is accom- 
plished by applying slow abrasive pres- 
sure on the lens edge, by means of a 
brass band controlled by a tumbuckle 


f Z 3 4 
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Figare 1: Above: Infifprototiott of interference fringes 
Ngere 4: Right: A simple syndic for contoring lonsos 
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NiaH-iRADE Kin 
OUR SPECIALTY 


Bttch kit ku tipo glaii dkea 
(correct thickneec) tempececl 
B eciorted ekreahreo 
Incltwag jroiife (fewer mmf 
net ghre perfect opticet msc* 
foce)^ inatnicdonc, FRBB 
ALUMINIZED DIAGON- 

ALtetCt 
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ueing No. 180 emery or Carborundum 
If you prefer a gmoother finigh. give 
the edge about two^minuteg addidonal 
of No. 900. 

Stop the centering of the flint as soon 
as tlM edge shows no flat qpots. Stop 
the crown as soon as die diameter of 
the flint lens is reaped. The remahider 
of the excess diameter can he taken up 
by the cell mounting, as this Icms is 
calculated to give the very best results 
with a finished diameter close to 4%^ 
It 18 unnecessary to gnnd ofl excess 
diameter, ftemoving glass that can do 
no harm to the objective's ultimate 
performance can be a long and tedious 
process 

CEMENTINi^Procure from your drug- 
gist a piece of pure Canada balsam 
and a half pint of alcohol. Place both 
lenses in the cold oven and warm them 
slowly to a point at which the balsam, 
under trial, will melt instantly upon 
application This will be very hot, since 
we do not want the balsam to be mere- 
ly glue-like, it must be liquid 
Remove the flmt lens from the oven, 
place it on a clean paper and apply 
about one half teaspoonful of melted 
balsam to the center of the cijbcave 
Now, using gloves, remove the"* crown 
lens from the oven and place it straight 
down on the^fiint Do not slide it Press 
down with considerable pressure The 
balsam in the center will spread even- 
ly out to the edge and the excess will 
run down on the paper. Pressure on one 
side or the other will persuade bubbles 
to disperse to the edges and disappear 
The crux of the operation is heat and 
lots of it hut do not hurry it; apply it 
slowly A good way to keep the lenses 
hot while eliminating trapped air 
bubbles is to rest them on the flat, 
level face of an inverted and braced 
electric flatiron. 

Clamp the achromat around the edge 
with a simple metal band to keep the 
lenses from shifting off-side and let it 
cool until cold — ^naturally, not assisted, 
since to hurry the cooling is to ask for 
a cracked lens. 

When it is cold, remove the band and 
clean the excess balsam from the edge 
with alcohol and, behold, you are now. 
the proud possessor of a perfect tele- 
scope objective^ 

ANOTHER DESIGN--! chose the specifi- 
cations named because I have prc^uced 
this achromat and found it gave excel- 
lent results on all tests for all aberra- 
tions, with a minimum of secondary 
spectrum As an alternative I submit 
specifications for a smaller but equally 
good lens for the amateur who doM not 
wish to tackle a larger achromat as a 
first attempt 

Diameter 95 mm, a little over 3%*^ 
Focal length 1226 mm 
Focal ra^ 12.9 

Blank sizes* each 15mm thick, 100 mm 
diameter, Bausch and Lend). 

Crown* C— 2 1.5125 605 
Flint* 2DG-2 16890 30.9 
ri 4*750.00 mm 
rg *h545i28 mm 
Ts —545.29 mm 
r 4 +1503.81 mm 
ti 14 mm 
tg 12 mm 


May 1 wish the amateuH^' success in 
this undertaking. 1 diaU be ^d to 
answer any questions regardiiig thfse 
instructlons^AD. 

N o azADiB need be left wondering 
whether briscoll claims to have 
originated the above-dCscribed test- 
plate method (sometimes it is called 
proolplating) . Fearing this mii^t hap- 
pen, he asks that its true antecedents 
be made as plam as day This basic 
method of reixroducing lensep was used 
long ago by Zeiss and others. It is de- 
scribed in D4v4 *'Opticsl Workshop 
Prmciples,” also in Twyman’s “Pnsrn 
and Lens Making”— not, however, with 
added instructions for making objective 
lenses Driscoll’s true contnbution to 
fellow amateurs consists essentially— 
m addition to the valuable specifications 
for two achromatic objectives which he 
donates— In the preparation and offering 
for publication of a rounded, organized, 
systematic sequence of operations for 
making objective lenses for refracting 
telescopes by amateurs, employing the 
testplate method as its most charac- 
teristic part Nor has anybody actually 
published such a procedure for that 
specific method, so far as is known 
(But it does the public no practical 
good to be told by someone in a com- 
mercial industry, after a given method 
has been published, that it has previ- 
ously been in use in a given shop, if 
no one m that industry has ever both- 
ered to make it available t^ all 
When Driscoll’s manuscript was re- 
ceived, It was shown to Dr D Everett 
Taylor, 191 Prospect St, Willtoantic, 
Conn, author of a chapter on the re- 
fractor in “ATM.A” He took an im- 
mediate mterest in it and, with CLCopy 
of the manuscript constantly at hand, 
made a 4" objective lens strictly ac- 
cording to the steps of the testplate 
procedure His comment while making 
it was ’‘The Ronchi bands, which per- 
mit of being reduced to one in num- 
ber, thus revealing almost maximum 
distortion, are straight” At the com- 
pletion of the job he wrote “Shop and 
mdoor testing of the unmoimted lens 
.for star image and definition give this 
method a high rating. It offers every 
(^portunity for the most precise crafts- 
manship, since at all times one can 
knew the exact condition of tibe sur- 
faces. It eliminates two big items iron 
tools (difficult to machine accurately) 
and an optical flat In short, after fol- 
lowmg It through, I would switch to 
Driscoll’s procedure if ^ tomorrow I 
were to start the most important ob- 
jective of my experience.” 

F oktxbr notes on the Driscoll pro- 
cedure will follow next month, in- 
cluding details of a method of reduc- 
ing the size of the objectives he has 
Qiecified, if this is desired. 

O PTICAL glass specified in these ar- 
ticles cannot yet be had— ^needed 
for war. Have to wait a little. 

N fws note: Thus far two Maksutov 
telescopes have almost been com- 
pleted, out of die 19 entrants. Most of 
the 19 ere doing War work, whidi 
comes first Have to wait a litUe here 
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Previews of the IndTustriai HdViibn' 


LABOR DRAFT TROUBLES 

F ROM England come lusty wails about the labor draft; clear 
and positive proof that there is no fear of any such thing 
surviving the war and that the United States would be 
better oft to stick to the volunteer system* 

The British law applies to all m^es and females from 
18 to 51 years old. One hundred percent of the available 
maids, 86 percent of the unmarried females, and 30 percent 
of the married women have been inducted into war work of 
some kind or have voluntarily ‘‘joined up.” 

England believes that she codld not have kept up her 
war work without labor conscription But she takes the law 
as she might swallow some strong and toxic sulfa drug, will* 
ing to endure the shivers and headaches in order to fc^ oft 
something worse 

Main kick of the worker is that there is no uniform wage 
scale, and there cannot be unless the nation is to be com- 
pletely socialized Cases of workers being drafted into 
higher paid jobs are exceedingly rare since the high-wage 
industries attract plenty of volunteers But cases of high- 
ly paid machinists being shipped back to the mines, textile 
mills, and other poverty-pay spots are frequent. Every 
man gets the pay which is normal for the Job he is given. 
Superior ability means nothing and opportunity for self- 
improvement IS curtailed. 

British management has two problenis under the dabor 
draft First once a worker is assigned to a factory, that 
plant must pay him whether it has any work for him to do 
or not. Contract cut-backs, changes m processes and methods, 
none of the normal reasons for firing a man or of replac- 
ing a worker of one skill with a worker of another via the 
open labor market can be used imtil the draft board has 
t^en its slow and ponderous action. Without this provision, 
of course, a man could be drafted to a plant only to be 
fired the next week, thus practically being draf^ into 
unemployment. Second management agony is that labor is 
taking tl^ opportunity to press for the annual guaranteed 
wage. Thus if the war should end suddenly, manageftient 
might find itself saddled with workers which it had kept in 
idleness for several weeks and would have to keep for 
months after its own income had been shut oft The burden 
on reconversion costs would be unbearable — ELC 


JACK-OF-ALUTRADES 

Olycerinb— glycerol, as the chemists call it—is a chemical 
jack-of-all-trades if there ever was one It has been used 
widely in medicine and industrially as a moisture-absorbing 
agent, as a solvent, as a lubricant, as an anti-freeze, as a 
blending agent, and so on Most important of the chemical 
combinations entered by glycerine are the alkyd reirins, 
indispensable in modem sjmthetic coating, ester gums, and 
nitroglycerme But the end is not yet in sight. 

The alkyd resins have given new impetus to quick-drying 
finishes and in the offing are water- and ice-repelling coat- 
ings, together with fabric and yam treatments that will 
provide properties ^of heat, acid, and alkali resistance. In 
England, it is reported, rayon fabrics have been treated 
with l&ise resins to provide a substitute for oiled silk, an 
essential in wound dressings. 

Looking a little farther into the appUcafions of this versa- 
tile chemical, it is found that glycerine alkyds are being used 
increasingly in the art of printing and dyeing of textiles 
and that photography has welconv^ them with open arms 
as ingredients in color films and the new “self-developable” 
photographic ywMons. 

The facets of glycerine seem almost innumerable. It keeps 
cellophane from bseoming brittle and is used in manufactur- 
jbg protective eloftiiiig to workers which is not affected by 
Mds or petroleum solvents and that will^guard the wearer 
against certain toxic gases It is an important ingredient hi 
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materials used in electro-polishing methods and, by the ton, 
it enters the manufacture of many base fiavors for food 
products, including soft drinks. 


ENGINEERS AND SALES 

A SALES-BSANAGER who takes a realistic view of the future 
of America is James H. Rasmussen of The Crosley Cor-^ 
poration* Taking note of present mcomes of war wotkers 
and the reductions in talm-home pay that will come in- 
evitably with war end, he recerfitly gave the nod to engineers 
by saying that in the immediate future “our engineers will 
have the task of improving sharply the products which 
we have come to accept as necessary to our wey of living. 
It has been said that the highest need for the future is 
a high degree of obsolescence for consumer goods. . • That 
means ‘progressive obsolescence* Products must be im- 
proved to to point where it becomes economically sound 
for Mr. and Mrs. America to buy the new model 
“We must sell our corporations to idea that to road 
ahead may be rough,** he said “We must caution toip 
against the over-optimism tot pervades our press and trade 
reports. . . We must sell the necessity for carrying through 
product improvement and new product development** 


PRIME MOVERS TOMORROW 

Superchargers on bus and truck engines givmg 20 percent 
more power per cubic inch of combustion space, improved 
fuels and higher compression ratios that will add another 
10 to 15 percent to efficiency, automatic timing change 
mechanisms tot will give top efficiency at all engine 
speeds, bearings that will withstand greatly increased pres- 
sures, aijd new spark-plug electrode materials that will 
have ten tunes to life of existing points are some of the 
developments on to horizon envisioned by forward-looking 
but hard-headed engineers today 


FUEL POSSIBILITIES 

That to railroads are* not satisfied with locomotive fuels 
today is town by to recent start of a milhon-doUar re- 
search project that is aimed toward increasing to efficiency 
of steam locomotives, strengthening their position in com- 
petition with Diesel locomotives, and assuring a continued 
market for bitiuninous coal The important aspect of die 
program is to fact that a combination of interests can 
achieve a far greater measure of success tl^ can one in- 
dustry alone. 


FOR FUTURE REFERENCE 

Even greater accuracy u on to horizon for machine tools . . 
Magnesium is rated as a versatile material for. development 
by small industries where weight is important. . . Air con- 
ditioning, proved pre-w:ar as a merchandising plus in retail 
establishments, will assume even greater imiHM^nce in to 
future. . . Hand-made glass-ware, long Imported in to 
better grades, can retain its American Idimtity gained during 
to war only through a strenuous effort to s^l to “Ameri- 
can style ” 
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RCA Laboratoriet model witb an 18 by 24-lncb fccoen ibowinc bow Bob Hopa may appear on future borne lelevtsionu 
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Can you picture Bob Hope on television 
. . . seeing his face big as Zf/e— right in your 
own living room? 

Well, you will— for now, thanks to RCA 
research, all limitations on the size of home 
television screens have been removed. 

RCA Projection Television sets can have 
18 by 24-inch pictures, or for that matter, 
pictures as large as the screen in a ^movie'l 
theater I 

When you tune in an NBC television 
broadoist youll almost thhik the actors are 
m the same room with you— and trust NBC, 
America's No. 1 network in sound broad- 


pensive plastic, is 8 bmes as cfiBcient for the 
purpose as the finest optical lens. 

When you buy an RCA radio, phono- 
graph or television receiver— or any other 
RCA product— you receive the benefit of 
the latest research development of RCA 
Laboratories. It is this plus value which is 
your assurance of lasting satisfaction. 

The widespread public recognition of 
this plus value has given to RCA world 
leadership in the radio, phonograph, televi- 
sion and electi^onic art. 



Dr. D. W. Iptfeln with a projection 
television tube, reflector and lens 
unit. Here the image on the end of 
the tube hits the reflector, is cor- 
rected by the lens, projected to the 
screen, then enisled. . making 
possible larger and clearer teldvi- 
Sion than ever before ^ 


castmg, to bring you the best in television 
entertainment. 


HJioto coapoMTioM •f ambuka 


This revolutionary improvement was 
achieved in RCA Lalraratories develop* 
ment of an entirely new reflector and lens, 
shown in phantom above. This lens, of inex- 
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50 Years Ago in . . . 



(CendMs#€l from Ittuos of Moy. 189S) 


ALUMINUM BOAT — * “The Messrs. Yarrow, of London, have 
been commissioned to build a small torpedo boat of alumi- 
num, with a view to making a craft that should be very light, 
and thus be adapted to storage on the deck of a battle ship 
The builders adopted an alloy of aluminum and 6 per ^ent 
of copper” 

PERPETUAL MOTION — “It is but a few years since the mis- 
t^en doctrine of the conservation of force was definitely 
abandoned for the true doctrine of the conservation of 
energy Such abandonment indicated a very recent under- 
standmg of the true relations of force and energy, for the 
erroneous expression conservation of force is hardly yet* 
extinct The many attempts at the production of perpetual 
motion mdicate a want of appreciation of the •fundamental 
bases of science ” 

JAP COPYISTS— “The -war between China and Japan has 
shown that the Japanese readily turn to account any ad- 
vantage offered by scientific appliances Their seizure of the 
telegraph lines m Corea strengthened their position at once, 
afid any breaks were quickly repaired by men who had 
been trained in actual construction as well as the manipula- 
tion of the instruments The J apanese are facile copyists ** 

^SOLINE ENGINES — “The gasoline gas engine, both from a 
theoretical and practical standpoint, is the most efficient of 
prime movers This is particularly true of the ‘Union’ and 
‘Pacific’ engines, built by the Globe Gas Engine Company, 
for the reason that m their engines the hot gases of the ex- 
haust, usually wasted, are used to heat the air drawn 
through the vaporizer and mto the cylinder As heat is the 
essence of the power, the smaller the amount that is wasted, 
the greater the economy ” 

ALABASTER — “The alabaster industry dates back to classic 
times. Nowadays, three men, usually relatives, work to- 
gether m informal partnership, one being a turner, another 
a modeler, and the third a decorator, who carves such 
decorative adjuncts on the finished articles as fruit and 
flowers.” 

PAVING— “An improved paving consists of concrete made 
of small lumps of emery stone set m Portland cement The 
emery may be in pieces varying from half an inch in diam- 
eter down to a powder, and is mixed with Portland cement 
m the proportion of three parts of emery to two of cement ” 

FIRE — “An investigation into the cause of a fire in a dry 
goods store resulted in demonstraUng that an incandescent 
electric lamp will generate sufficient heat to set flammable 
material into a blaze The fire was caused by allowing an in- 
candescent lamp to remain for a few moments on a pile of 
cotton cloth m the packing room” 

HEAT — “Electric heating is now coming to the front, and 
for certain cases has become a possibility, because of the 
low economy which seems necessarily inherent in existing 
domestic processes It has to compete with heat most Waste- 
fully applied; otherwise it would be out of the question 
except as a matter of luxury. But when to the low economy 
of the kitchen Are, which^ is its competitor, there is added 
its own extreme convenience and cleanliness it will 
that a very good case is made out for the employment of 
the electric current” 


SAFES —“The latest burglar proof safes -and veults ere mag** 
niflcent specimens of skillful workmatiidilpk . . The {dates aa:e 
put toge^er, first one of hard i^teM, then one of wrought 
iron or soft steel, and so on until the necessary thipkness is 
obtainecL From the iron the safe receives its tenacious 
quahtxes— it cannot be cracked or broken as easily as steel— 
and the steel imparts a hardness that defies the burglar‘s 
drill.” 

NIAGARA POWER — “The company which has undertaken to 
develop electricity, at Niagara, on a large scale, for manu- 
facturing and other purposes, has acquired more real estate 
there than it needs for its own use, in order to fwmish sites 
to such of Its customers as wish to establish their business 
close to the source of their power supply.” 

SAND BLASTING — “The uses of the sand blast for ornament- 
ing glass, metals, stone, and other materials is well known. 
A new application of the process for cleaning down the walls 
of buildings has been introduced m England . It has been 
used for cleaning the fronts of large public buildings, hotels, 
etc Upon a truck is mounted an oil engine which drives 



an air compressor which fills an air reservoir to the desired 
degree of pressure A flexible pipe conducts the air to the 
pomt desired, and blows the sand as required Building 
fronts are thus cleaned m a veiy expeditious manner” 

STEAM CAR -- “In the competition of automobile carriages 
held m Pans the steam carriage of M Scotte, of Epernay, 
obtamed a prize of 500 francs In this vehicle, which is 
adapted for eight persons, the boiler is of the vertical type 
of the Field system and registers 120 pounds to the square 
inch The two cylinder motor makes about 300 to 500 revo- 
lutions per minute and develops 5 horse power The power is 
transmitted to the (rear) driving wheels through an endless 
chain and a differential gearing The carriage is 15 feet 
in length, 6 m width, and weighs, when empty, 3,700 pounds 
With 660 pounds of water, 440 pounds of coal, seven passen- 
gers and the driver the total weight reaches 5,940 pounds 
Consumption of water is from three to four gallons a mile on 
a level stretch Consumption of coal vanes from six to 
ten pounds, according to the road and the speed ” 

BARRELS— “It may be economy to use old oil barrels for 
other purposes, but great care must be taken to clean them 
carefully, or an explosion may occur which will cause more 
damage than new barrels would cost.” 

TOOTHPICKS —“Insignificant articles like the toothpick 
represent the investment of millions of capital, the employ- 
ment of skilled labor, utilization of the latest inventions, the 
consumption of vast quantities of wood, and the operation 
of a long line of complex activities ” 

INCENTIVE — “The United States has been prolific of men 
who, without any advantages, worked their way to the 
front, and encountering obstacle after obstacle, only grew 
stronger with opposition The annals of invention are full 
of veritable romances of the type mdicated Under milder 
conditions the strong might lack the very Incentives sup- 
plied by the ‘passive resistance of circumstance” 
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brings together the efforts of 2000 specialists in telephone and radio communication. Their 
wartime work has produced more than 1000 projects for the Armed Forces, ranging from carrier 
telephone systems, packaged for the battle-front, to the electrical gun director which helped 
shoot down robots above the White Cliffs of Dover. In normal times, Beil Laboratories' work . 
in the Bell System is to insure continuous improvement and economies in telephone service. * 
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This was Chemistry in 1855 


ASovf Old woodcut of chambor 
process for producing sulpbursc 
ucid tn 1855, 

Below, Sketch of a small corner of 
a 1945 chemical processing plant 
This one happens to make penicillin 


Chemistry was simple in 1855. Hydro- 
carbons were practically unknown. 
Fractionating petroleum consisted of 
boiling off the volatile elements to 
secure kerosene for lamps. Sulphuric 
acid was produced by the chamber 
process illustrated in this old woodcut. 

But chemists saw new horizons in 
their test tubes and retorts. This dra- 
matic research resulted in planned mir- 
acles. Whole new industries were born 
—thanks to the men in the laboratories. 

And in the growth of chemistry as in 
practically every other industrial devel- 
opment that you cap think of, piping 
played an important part. 1945 marks 
Crane's 90th Anniversary. And since 
this company was founded it has kept 


step with this growth, furnishing pipe, 
valves and fittings to meet the increas- 
ing demands of an industrial era as 
those demands arose. 

Year by year, industry changes. New 
processes obsolete old ones. Huge 
plants rise, tribute to new developments.^ 
A whole era is born through the inven- 
tive mind of a scientist. But with all 
this change, one fact remains constant 
—it takes piping to make it possible. 
And supplying the pipe, valves and fit- 
tings that industry requires is Crane’s 
job today— as it has been since the com- 
pany was founded. 

CRANE CO. General Offices: 

836 S. Michigan Ave., Chicago 5, 111. 



As chemical processes increased in 
complexity, new demands were made 
on piping. The Crane line ex- 
panded to include specialtxed pip- 
ing to meet the re^ittrements ef 
the chemical industry. 



VALViS • FiniNGS • PIPE 
PLUMBING • HEATING • PUMPS 


BRANCHES AND WHOLESALERS SERVING ALL INDUSTRIAL AREAS 


262 


SGIENTIHC AAAERICAN 


AAAY 1945 



Interior of one of the oarljr Da Pont loboratoriety ettabllthed aronnd 1880 for explosives research 


A Century of 


Chemistry 


AUhough Chemical Manufacture in the United 
Statee Waa Carried on by the Earliest Settlers^ 
the Real Beginnings of the Chemical Industry 
in America Must he Placed in About the Middle 
of the 19th Century 


A TKiUBE"-roLD partnership and interdependence exists 
between the science of chemistry, the chemical in- 
dustry, and industry in general None of these is corn-* 
plete without die others and all prosper or all wane together 
The century of American industrial history covered by the 
life of Scientific American includes all but the early and 
rudimentary parts of the histones of each of these three 
vital elements in Amenca. 

In the early days of 1845 chemical industry was a mag- 
nified version of the laboratories of scientists. The distinc- 
tion of science from industry in this field was almost indis- 
cemable. The demands of American industry of that day 
could be readily met with laboratory output Management 
production, salesi and research were the combined responsi- 
bilities of a single person ip each company. None of the 
great industries which subsequently were to demand huge 
quantities of chemicals had yet reached beyond the most 
rudimentary stages. Many of them had not yet been con- 
ceived. And because chemical manufacture has slyfsys 
converted raw materials for use in other industries, its 
growth in a modem sense had not yet properly begun. The 
products of its plants were only those things whkh could 
not be conveniently imported from abroad, notably sulfuric 


By D. H. KILLEFFER 


acid, potash recovered from plentiful wood ashes, a few 
paint pigments, natural dyes extracted from barks, woods, 
and berries, and a few o^er strictly chemical products 

The pace of life and industry in 1845 and earlier was such 
that we can reasonably connect the chemistry of that time 
with beginnmgs By modem standards the science of 
chemistry began with Lavoisier, a Frenchman who lost his 
life in the French Revolution a bare half century before 
our story begins. And another Frenchman, Nicholas Le- 
blanc, had in 1791 created what is now considered to be 
the definite beginning of the modem chemical industry, the 
Leblanc soda process. 

It is of course true that a vast deal of chemistry of a sort 
had been practiced long before Lavoisier’s time; but La- 
vosier, by mtroducing weighing into his experiments, con- 
verted the quasi-magic of earlier chemical experimentation 
into the modem exact science. Similarly, many chemical 
processes had been practiced centuries before Leblanc der 
vised his process for converting salt, which was plentiful, 
into soda, which the French x>f his day badly needed. But 
the fact of Leblanc’s deliberate intent to^^kvise a process 
to transform by chemical means a cheap raw material into 
an expensive product differentiates modem chmiioal Indus-* 
try from all that went before. ^ ^ 

Both of these pioneers had earnest and e^er followers 
in the America of 1845 True, the pumbe^^ these fol- 
lowers and the extent of their activities were ra&er severely 
circumscnbed'by the fact that American industry was only 
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beginning its later immense expansion The transfer of the 
traditional household arts into the factory and the creation 
of new industries to utilize and elaborate American natural 
resources into a thousand useful products can scarcely be 
said to have begun by 1845« 

DIFFERENT VIEWS — In gll of this history, one must always 
bear m mind that there are three quite different ways of 
looking at American chemical industry* One school of 
thought sees chemical industry in any practice of any chemi- 
cal process and discerns its beginnings in pre-historic times. 
That would make American chemical industry practically 
co-existent with European settlements on this continent. 
The colonists at Jamestown, Virginia, included products 
(tar and potash) within that definition in their first exports 
made before the landing of the Pilgrims; and John Winthrop, 
the Younger, actually initiated chemical manufacture of a 
type in New England as early as 1635 

A second point of view is based on a conception of chemi- 
cal industry typified by Leblanc's mdubitably chemical- 
economic invention* chemically converting one material into 
another at a price and a profit If we narrow our definition 
to fit that conception, then the beginnings of American 
chemical mdustry must be dated from sometime about the 
period of 1845. The development of an American industrial 
consciousness behind a wall of protective tariff had pro- 
gressed by that date to a point where a number of chemical 
enterprises had already begun to assume forms not un- 
recognizably different from those of today. Thus one can 
reasonably date American chemical mdustry from some 
rather indefinite years—since there appears no outstanding 
event from which to date a clear-cut beginning— about a 
cehtury ago. 

A third point of view would date the ultra-modem period 
of chemical industry m the United States from World War I 
The very substantial and active chemical mdustry then 
in the United States was deeply overshadowed by those 
parts of It which were virtually, if not totally, lacking, nota- 
bly the synthetic organic division of the mdustry produc- 
ing dyes, many vital pharmaceutical chemicals, synthetic 
odors and flavors, and some of the chemicals essential in 
photography This deficiency possessed a certain economic 
justification stemming from the fact that in chemical manu- 
facture, as m other industries, cost goes down as quantity 
of production increases The Germans, who had early seized 
the initiative in the field, consequently were able to produce 
the world’s needs m organic chemicals at cheaper unit 
prices than any other single nation could produce its own 

By the beginning of World War I, chemical industry had 
progressed far from the weak beginnings of 1845 but its 
character had not essentially changed Management and 
research were still often the same persons Small companies 
had grown, some of them — but very few — even approached 
greatness Yet none of them had reached the stage of 
attracting outsiders Organizations of many kinds had knit 
the industry and the profession of chemistry into a coherent 
brotherhood that looked with somethmg akin to disdain 
on other less enlightened industries Many chemical com- 
modities were made abroad in quantities and imported at 



The first Du Pont chemical laboratory* where re* 
search was carried out on improved methods of re- 
fining salt-peter^ Has located on the Brandywine 


prices far below production costs here. This left great 
gaps in the sufficiency of the industry to be revealed by 
World War I and its accompanying embargoes 
Those gaps in the completeness of our chemical produc- 
tion provided a stinging goad to development V^atever 
may have been the other benefits of that war, and they 
were very small as events have proved, its stimulus to 
American initiative was the most valuable Under the 
necessity of catching up with the rest of the world, Amer- 
icans set eairnestly to work and the habit of research was 
firmly planted in the minds of our industrialists Its fruition 
during the inter-war period has been abundant 

MILEPOSTS OF PROGRESS — ^To select any particular event 
m the history of chemical mdustry as originating within 
It and as afterward affecting the outside world is extremely 
difficult Similarly, it is difficult to choose an event brought 
about within chemical industry entirely by external forces 
demandiifg solution of a particular problem Here, as in 
other fields of endeavor, the processes of development 
are revolutionary and interdependent and flow through 
time as a continuing current Hence, any historical scheme 
must emphasize the effects of chemistry and chemical in- 
dustry on others, and then reverse the process and ex- 
amine the effects of wholly external causes on the chemical 
industry’s progress Here are a few 
Solvay Soda Process — We have mentioned the Leblanc 
process of manufacturing soda from salt as the earliest 
clear-cut case of purposeful and planned chemical manu- 
facture It was an effective process and had consequences, 
as the chemical habit is, far beyond expectations While 
Leblanc’s process, using large amounts of sulfuric acid, 
produced the desired soda,Mt yielded at the same time 
large quantities of highly objectionable hydrochloric acid 
gas and solid calcium sulfide Both of these wastes possess 



Diagram of a 
sulfur refinery 
of the 

middle 1800 ’$, 
in which dis* 
tilled sulfur was 
delivered to 
the water-cooled 
vessel at the 
right. This type 
of sulfur was 
preferred 
for the 

manufacture of 
gunpowder 
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a certain value to an integrated group of other chemical 
operations. But without such related processes the prob- 
lems of disposal were serious handicaps to Leblanc soda 
plants. Conversely, once the integrated chemical structure 
w^ established, the complete utilization of all products put 
the Leblanc soda plants in enviable competitive positions 
against any influence from the outside that would upset 
them. 

This situation was early established by the British who 
seized upon the Leblanc process before it could be fully 
established in France, and adopted it as their own It 
gave the British a strong hold upon the world’s alkali busi- 
ness which they maintained over a long period of time and 
which led to a certaip disdamful complacency toward a 
new and promising soda process developed by the Belgian, 
Ernest Solvay, in X863 

Solvay’s process, which avoids much of the complexity 
of the elder Leblanc process, consumes salt and limestone 
—plus water and fuel— and produces only the desired 
soda and a by-product of calcium chloride, which is far less 
objectionable than hydrochloric acid or calcium sulfide 

The refusal of British chemical manufacturers to upset 
the delicate equilibrium of their enterprises to use the new 
process sent its promoters to the United States Here it 
was eagerly adopted as a means of rendering American 
industry mdependent of British alkali, which had previously 
supplied demands here at prices discouraging the heavy in- 
vestment necessary to establish the Leblanc process on this 



The brine well utilized by Dr. Herbert H. Dow in hit 
early work (about 1890) on extraction of bromine 


side of the ocean In spite of its alien origin, the Solvay 
process can be said to have become thoroughly American 
through adoption It is the principal dependence of the 
United States^ for soda alkalies and it supplies all these 
essential products except for caustic made by the electrolytic 
process 

Sulfuric Acid — No chemical compound or product of 
chemical industry approaches sulfuric acid in importance 
It IS universally required in chemical operations of all 
kinds, the stne qua non of the industry for its own use as 
well as the largest single product in its output to other in- 
dustries. 

In the United States the two rulmg demands for sul- 
furic acid came from the fertilizer industry and from the 
petroleum refineries German chemical industry, developed 
primarily around the production of synthetic dyes and re- 
lated compounds from coal tar, early demanded sulfuric 
acid of a high strength beyond that economically obtainable 
from the chamber acid process and consequently the con- 
tact acid process found ready acceptance in Germany where 
it was developed to commercial practicability 

The lead chamber process of sulfuric acid manufacture 
was first developed in England before the time of fhe 
Amencan Revolution The principal characteristics of the 
process are a chamber plant will continuously producis 
low-strength sulfuric acid— 70 percent concentration or 
less — ^which must be concentrated and purified for many 
purposes; it can use impure by-product sulfur dioxide as 


a raw material without affecting the operation of the plant, 
and hence it is convement to utilize smelter waste gases; 
and finally the plant requires a minimum of skilled labor 
once the process is in operation 
The expense of concentrating chamber acid fostered the 
development of what is known as the contact acid prooesa^ 
This process was developed in England in 1831 but was 
of limited usefulness until Frasch invented a method of 
mining the huge deposits of pure sulfur on the American 
Gulf Coast and made this raw material cheaply available 
The contact process was mtroduced into this country 
shortly before 1900. Now more than half the Umted States’ 
peace-time production of sulfuric acid comes from con- 
tact ^ants which have replaced older chamber plants and 
have made old-time acid concentration obsolete 
Frasch Sulfur Mining Process — It is difficult to overesti- 
mate the significance of the vast supply of sulfur of highest 
purity which the Frasch process made available at low 
cost to chemical industry. Sulfur deposits of enormous ex- 
tent were long known to exist m deep-lying strata in the 
Gulf Coast area but overlying these were thick layers of 
quicksand which had proved an impenetrable barrier to 
ordinary mining methods. 

Herman Frasch devised the method now employed to 
melt the sulfur underground and bring it to the surface 
in liquid form The mine consists of concentric pipes down 
one of which superheated water (100 pounds gage pressure) 
IS forced and up another of which flows the sulfur melted 
below ground in the original deposit Compressed air is 
forced down a third pipe to act as an air lift and assist 
in pumping the water-sulfur mixture to the surface 
This process has yielded as much as 2 5 million tons of 
pure sulfui annually and has rendered other sources of 
sulfur practically obsolete Exceptions, of course, are sources 
of by-product sulfur which must be recovered to prevent 
damage to the countryside, as at smelters Here recovery 
of sulfur fumes, usually by conversion to sulfuric acid, is 
mandatory 

Petroleum Refining — Discovery of oil in a well drilled 
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for brine at Tarentiun, Pennsylvania, in 1845 led to a thor- 
ough investigation by Benjamin Silliman, Jr , of Yale Uni- 
versity, into the properties of *^ock oil*’— petroleum. From 
that ^emical investigation of oil and the products of its 
distillation dates the oil mdustry In 1859 Colonel Drake’s 
famous oil well was completed, the first deliberately drilled 
to obtain oil, and the industry was on its way That was an 
important event chemically as it was in many other ways 
The refining and later the elaboration of petroleum are both 
consumers and producers of chemicals in huge tonnages 

Refining petroleum distillates consumes the second greatest 
Quantity of sulfuric acid of any single use, being exceeded 
only by fertilizer manufacture. Here it is employed to dis- 
solve out undesired compounds and leave the pure hydro- 
carbons. Other treatments of the same group of processes 
consu me caustle soda and soda ash and lead oxide m re- 
moving objectionable impurities, particularly sulfur com- 
pounds Solvent refiining of lubricants utilizes the selective 
solvent power of such compounds as furfural to ^ect other 
separations difiknilt or impossible by distillation. 

lOevelopment of the cracking process by Burton m 1913 
created a new and strong link i^tween the petroleum and 
the chemical industries Cracking in essence consists in 
breaking the large molecules present in petroleum into 
smaller ones by the application of heat and pressure. 

Built upon the original cracking processes are modem 
reforming processes which control catalytically the re- 
combination of the molecular fragments produced in the 
cracking zone and, what ftiay be even more vital in the Imig 
run—as it is now in war— fiie conversion of petroleum hy- 
drocarbons into benzene, toluene, and other compounds 
previously obtainable only from coal. These are essential 
to militaiy esplodves agd synthetic rubber. 

Production of high octane aviation gasoline, essential 
today and likely to have revolutionary consequences in 
future transport by air and highway, similarly knlta dbemi- 
cal industry closer to petroleum. The dbaxivery in 1922 
by Midgley of the extraordinary effectiveaess of tetraethyl 
lead in suppressing detonation in spark^-l^lted intcnud 
combustion engines mai^ked the beginning of a new effi id 
efficiency of fiieee prime movers. dev^opment hag hed 
important cheitdoal coxaMMiuenees in the |ftoduotikm oi 
tetraethyl lead itself, in the chemical trangfonnatton d( the 
various ftids derived diieetly from petrpleum into more 
desirable lom^s, and in !he reco very of bromine by new 
tedmlkiues finim sea water to form a constituent of one of 
the necessary modifiers required with tetraethyl lead* 


Fertilizer Production^— Exceeding petroleum refining as 
a consumer of chemical mdustry’s basic product, sulfuric 
acid, is the i^oduction of fertilizers. As early as mixed 
fertfiizers based on the theories of the German chemist 
Liebig w^e produced in the United States Essential con- 
stituents of a mbced fertilizer are potadi, nitrogen (in the 
form of a compound), and phosi^onis* 

Potash salts genen^y are soluble in the soil solution fiiat 
feeds plants and hence can be used in suitable dilution in 
mixed fertilizers. Usually, however, the potash salts pre- 
ferred are the chloride and the aulfate^ wliidi can be pre- 
pared from any others available. Previous to World War I, 
American iurmm were entirely dependent upon potaah 
from German-controlled mines for this essential. Now, 
however, mines in New Mexico supplemented by potash 
salts recovered from the dry Searles Lakes in Calibmia 
and a few other sources, provide ample domestic supplies 
The cases of nitrogen and phosphorus differ in requiring 
chemical mtervention of an important sort to make uscdul 
to plants the natural products in whidi these elements 
occur 

(Compounds of nitrogen are distinctly scarce in nature 
but nitrogen itself, which is of itself quite ^pseless as fer- 
tilizer, comprises four fiifths of our atmosphere. During the 
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part 9 I the 19th Century methods were devised and 
put Into iuooessful practice for utflising atmospheric tiitro* 
geiv but their appltetton was limited and it was not un^ 
the method of ssmthei^ of ammonia was discovered in 1912 
by the German, SVitz Haber, that the problem of xdtrogen 
Iw iertUlxer could be said to be solved, this process requires 
only minor amounts of power. The ammonia^ produced can 
be converted Into any d a number of forms for application 
to the soil. Smaller, but still substantial, is the ammonia 
by-product of coke ovens and gas works used commonly 
as ammonium sulfate. 

Phosphorus occurs abundantly in phosphate T^ock but 
this too is unsuitable for direct use as fertilizer. Treat- 
mmit with sulfuric acid converts the ground raw rock into 
acid phosphate, the most simply prepared form of available 
phos^orus. 

The rniMect of fertilizer suggests the many other prod- 
ucts of (^emical industry vital to agriculture. Insecticides 
and fun^des produced m volume and variety by diemical 
industry protects seeds, crops, and the harvested produce 
from destruction by p^ Similarly, veterinary medicmes 
and other chemicals protect livestock* Latterly, certam sub- 
stances found to have controlling effects on tifie growth and 
development of plants, the so-called plant hormones, prom- 



One el the problettis duit beset the constnictoiv pt 
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ise new usefulness for chemical industry’s products 4 n 
agriculture. 

Photogra^ip ChenUealp^Tbp photog^ldUc process, still 
new at the beginning of the century we are considering, 
was based on the chemical eAect of light and has tibus had 
Importtask chemical consequences. The preparation of sen- 
sitive i^atesi films, and paper, as Well as the processing of 
thestv cotwqmei huge quantities of the products of chemi- 
cal Industry. Furthermore, the discovery by Ives in 1893 
of the half-tone process opened a new field for the grap^ 
erti and at the same time created a new demand id 

Chemfstrg In Medicino-The introduction in the UUffg 
of anesthesia and the use of ether in surgery may jwqpirly 
be said to hove opened n new era fisr €hpm^jPoi6d 
medicine. The names of Long^ Ifertoil, Warmly WeDk,^1fend 
Jackaondgured largely in the oentsoversles which reged over 
credit for this American discovery which rgvolufioidzed 



A tulfurie-aeid chamber plant of the 1870*s« The 
conlsct process later offered great eompetitlon 


surgery quite as truly as antisepsis did later. Production 
of ether may be considered to be the first large-scale 
organic chemical synthesis of a substance to meet a defined 
need of medicine. Other medicinals previously made had 
been largely extractive or simply of mineral origin. 

Subsequently an entire large section of American chemical 
industry has developed to supply the needs of medicine by 
production or purifi^tion of ^eimcals. Included today are 
the sulfa drugs, several of which were originated in this 
country, penicU^ anti-malarial drugs, a range of anti- 
septics, chemicals for producing various degrees of anes- 
thesia and hypnosis, synthetic vitamins, and the broad re- 
quirements of chemical remedies and alleviators of suffer- 
ing. 

Plastics— The industry built upon Hyatt’s Celluloid of 
1869 and more definitely on Baekeland’s phenol-fom^de- 
hyde resin of 1907 has reached such proportions and ac- 
qizired such stature both as a consumer of chemicals and 
a producer of values as to justify separate treatment by 
Charles A. Breskm in the feature article next following 

Electricity and CHemicaZs— Morse’s telegraph, Edison’s 
electric light, Bell’s telephone, and De Forest’s vacuum tube 
have each required the chemical mdustry to supply certain 
essential materials needed for their full operation. The 
electric battenes of the early, as well as later, days are 
distinctly chemical products and have consistently re- 
quired high punty chemicals m their construction Insula- 
tion, as well as copper wire of the high purity essential to 
high conductivity, tungsten filaments in lamps, and chemi- 
cals needed to remove residual gases from eJectrip hghts 
and vacuum tubes are all products of chemical industry, as 
are the phosphors employed in modem fluorescent lights 
and the gases which glow in neon and similar gaseous dis- 
charge lights. • 

Chemical industry has built two of its important divisions 
on electric developpients, the electrolytic chemical industry 
and its running mate, the electrothermal industry. The first 
produces primarily pure metals— copper, aluitainum, mag- 
nesium, and manganese, particularly— caustic Soda, caustic 
potash, and dilorine. The electrothermal division of chemical 
Industry produces artificial graphite, silicon carbide, and 
boron carbide abrasives, many metals and their alloys^^and 
calcium carbide. 

Rubber CAemicoZs—Goodyear’s discovery ol the vul- 
canization of rubber in 1839 was fraui^t with great conse- 
quences for American chemical industry. A century 
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Courteiy An«rloftn OyanMAld Oompany 
Synthetic reams being made on a pilot-plant scale 
bridging the gap between laboratory and factory 


rubber manufacture consumed huge quantities of a wide 
variety of specifically designed chemicals mtended to im- 
prove and modify the properties of the finished product. 
Latest development is the synthesis of a number of valuable 
rubberlike synthetics to replace the natural product 

COMl^ANY OROWTH—A company may develop, spread, add 
grow from within outward, or it may draw other companies, 
possessing something of value to it, into amalgamations and 
mergers Of the f^t type, the outstanding example in 
chemical industry is probably Dow Chemical, which 
thrives alone with a minimum of external alliances. Typical 
of the second kind of growth is the American Cyanamid 
Company, which has reached substantial size by the merg- 
ing of a number of small companies 

One may clearly distinguish three methods of growth 
among chemical companies A single raw material may be 
elaborated to a single group of closely related products and 
by-products The alkali companies have grown this way 
from the processing of rock salt and the manufacture from 
it of the essential alkalies, soda ash, caustic soda, bi- 
carbonate of soda, chlorine, bleach, dry ice, and lately even 
magnesium 

Although It has now grown far beyond the bounds of 
any such plan, the development of the Du Pont companies, 
largest in the chemical group, illustrates a second method 
of growth based on full utilization of a particular technique 
followed now m all of its potential ramifications The ex- 
plosives manufacture of Du Pont required the development 
of its own heavy acid production for converting cotton and 
wood pulp into the nitrocellulose of smokeless powder and 
for making dynamite and nitroglycerine from the glycerine 
by-product of soap making The limits of explosives were 
too nanrow for vigorous growth within the organization and 
step by logical step its energies have been given exercise in 
following up the leads to new lines developing out of ex- 
plosives manufacture Gradually this has led to lacquers, 
paints, vaAilshes, rayon, dyes, medicinal chemicals, dry 
cleaners* solvents, refrigerants, synthetic rubber, and the 
broadest of all chemical producing programs. In a sense 
this is similar to developpient based on raw material ad- 
vantages but more essential^' it follows the evolution 
of techniques 

Similarly, the original development of Monsanto was 
based on the expansion of the techniques of organic chem- 
istry to yield diverse products from coal tar and at the 
same time production of needed raw materialf tlately the 
list has grown to Include products made froin pe^eum, 
natural gas, and phosphate ibck 

j The third type of growth of chemical industry, is based on 


a primary purpose to supply a particular group of needs. 
.Merck, developed < from a pharmaceutical beginning, ex- 
emplifies this in confining its manufactures to chemicals 
required by pharmacy and medicine and others closely re- 
lated to tins field. This leads to" close attention to a par- 
ticular group of needs and the technique of supplying 
them. Naturally this limiting of market objectives materially 
simplifies the problem of sales while complicating that of 
diverse production. 

Illustrations of these types of development are difficult to 
find uncomplicated by other factors and infiuences Thus 
the development of Umon Carbide has partaken of all of 
these schemes from time to time Its manufacture of cal- 
cium carbide in the electric furnace left but a ^ort step to 
tlie Presto-Lite Company, large consumer of calcium car- 
bide for the manufacture of acetylene. The slow death of 
acetylene lighting and the rise of oxy-acetylene% welding 
encouraged the merging of Linde Air Products, producer of 
oxygen from liquid air. The electric furnace skill of the 
parent company naturally brought m National Carbon, 
maker of electric furnace carbon products. Already this 
techmque had been employed in metallurgy of alloys by 
Carbide*s Electro Metallurgical subsidiary. At the time 
Presto-Lite entered the merger, it had already been actively 
seeking other sources of acetylene to free it from Carbide's 
dominance. These efforts had not succeeded in reaching 
their ob3ective but had unearthed pronusmg leads for fur- 
ther development The original plan was to make acetylene 
not from calcium carbide, product of coal, lime, and elec- 
tricity, but by transformation of oil or natural gas Ffdlure 
to reach an economical and practicable method of circum- 
venting Carbide's position was not fruitless In the trying, 
numerous other products were found which could be prof- 
itably made from natural gas or oil even though acetylene 
* could not The result was the formation of Carbide's chemi- 
cal subsidiary for exploitmg this new field, now a vital ele- 
ment in the company. 

Tomorrow chemical industry will continue to supply new 
and better products for tomorrow's living Many of these 
products are now working for war as they will work for 
peace New synthetic fibers and plastics will vie with 
chemical modifications of those which nature provides 
Trees in the East Indies will have to compete with petroleum 
wells in Texas in the world rubber markets New medicines 
of power yet scarcely imagmed will cure such rare diseases 
as are able to penetrate the strong health armor of a vita- 
mm-fed race. Color photography, television, radio, avia- 
tion, rockets . . these and countless other yet unborn 
necessities of the future will be built upon science material- 
ized by an expanding chemical industry. 
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Plastics Through The Years 


From HyaU^g Original Celluloid through Baeke- 
land^s Epoch-Making Bakelite to the Most Recent 
DUcoverieg in the Plasticg Fields the Record hag 
been One of Progreggive Achievement. Out of the 
Welter of Pregent Plagticg Will Come Even 
Greater Triumphg for the Future 

By CHARLES A. BRESKIN 

T he discovery and development of plastics have been 
conceived by one artist as a billiard ball, surface 
etched with the map of the world, which, when struck 
by a billiard cue, explodes into a myriad of tiny bits that 
take the form of the plastics products which are such an 
essential part of present-day living. Oversimplified, givmg 
no hint of the years of research involved in the develop- 
ment of each of the many different materials used in the 
products thrown off by the burstmg ball, this drawmg is 
yet correct in its basic ideas — the billiard ball did supply 
the impetus for the development of the first commercial 
plastics * 

CELLULOSE NITBATE— In the decade after 1850, a serious 
shortage developed in many of the natural materials used 
in the decorative arts— tortoise shell, ivory, and amber. 
Decimation of the great elephant herds, in particular, 
brought the supply of ivory so far below the demand that 
prices of ivory articles went sky high Since the chief com- 


*Mucb of the ioformetlon In this article Is based on *'A History of Plastics." 
by Ck>rdon M Kline « 
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mercial outlet for ivory was in the manufacture of billiard 
balls, the price and supply situation led the American firm 
of Phelan and Collender to offer a reward of $10,000 to 
whoever could invent a substitute for ivory which would 
be suitable for fabrication into billiard balls 
As a result of his determination to wm this reward, 
John Wesley Hyatt, a young printer, is generally credited 
as bemg the first to work with cellulose nitrate as a plastic 
mass rather than m solution Hyatt, however, hit upon 
the idea of using solid camphor and making the collodion by 
dissolving pyroxylin under pressure and with a minimum 
of solvent The first patents were taken out in 1869 m the 
names of John Wesley Hyatt and his brother, Isaiah Im- 
provements m the process of mixing the pyroxylin and 



Underwood and Underwood 


Dr* Leo H* Baekeland • • • Bakelite • . • 1909 

camphor were noted in patents issued in 1870 and in 1872, 
and the name “Celluloid’’ was coined for the product 
Although the Hyatts are credited with having manufac- 
tured some very acceptable billiard balls, there is no record 
of the $10,000 reward having been paid to them — or to any- 
one else However, the need of dentists for a sa^actory 
substitute for hard rubber m denture plates soon engaged 
the interests of these two men, and the Albany Dental 
Plate Company was organized in 1870 to handle this first 
application of the cellulose-nitrate-camphor plastics By 
January 28, 1871, the demand for die material for miscel- 
laneous uses had become sufficiently greht to bring abou^ 
the formulation of the Celluloid Manufacturing Com- 
pany, the predecessor of the Celanese Plastics Corporation of 
America The material is now made by many maufacturers 
and is known by many other trade names 
Despite the fact that the material is somewhat hazardous 
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to handle, is readily decomposed by heat, and is unstable 
to sunlight in its unpigmented form, it has been, until re- 
cently, the best available thermoplastic material for many 
purposes because of a variety of umque properties. Its 
ability to take color, and the many distmctive mottled and 
vanegated effects that may be obtained, were among the 
boasts for early Celluloid articles. 

SHELLAC — In the commercial development of plastics mate- 
nals, molding compositions contaimng shellac are listed sec- 
ond However, m actual chronology, the basic ingredient 
of these compositions is the oldest of all the natural sub- 
stances that enter into modem plastics. Shellac is produced 
by an insect which lives upon certain trees in India and 
Southern Asia It has been known and utilized for many 
centuries for various purposes, such as a component of 
sealing waxes, polishes, and vaznishes Some of the patents 
relating to its use in molding compositions are contemporary 
with Hyatt’s discovery of pyroxylin plastics However, the 
first application of any magnitude for shellac molding com- 
positions dates from its use by Emil Berliner in 1895 for 
phonograph records 

About 1900 shellac was adopted for electrical insulation, 
and it is still used in insulators for very high voltages be- 
cause it offers good arc resistance and does not bum if a 
flash passes over the surface Developments in recent years 
have been primarily in its application as a resinous bmder 
for cloth, paper, silk, mica, and other insulating materials 

BITUMINOUS PLASTICS — ^The third plastics material to be- 
come industrially important in this country was of bitumi- 
nous origm, utilizing asphalt, pitch, coal tar, and so on. 
It is more commonly cold molded, Emile Hemming 

was the pioneei: in its ^^Wpinent in the United States and 
introduced it on the market m 1909 His purpose was io 
**produce a commercial heat-resisting molded insulatii^ 
product for extensive use, particularly in the eleetrigal, 
the wiring device, and the automotive fields*’ The 
advantages of the cold-molded products were m the sav^l 
of time over that required for other purposes, their 
lent resistance to heat, and their comparatively low cqft; 
but improvements in phenolic materials have caused gr^ 
inroads Info Jthe application of this material in recent years. 

PHBHOLT69MALDEKyi>£ HESmS-The first and most verra- 
die of the commercial synthetic resins, the phenol-fonhal**- 
dehyde condensation product, was introduced, and patented 
in this country in 1909 by Dr Leo Hendnk Baekeland. Dr. 
Baekeland’s research took up the thread where several 
predecessors had tried and either failed completely or dropped 
their work for other interests In 1909, contemporary with 


the bituminous plastics. Dr. Baekeland received the so-called 
fifth-’mol patent in which it was indicated that a heat-hard- 
enable resin could be produced by using an alkaline catalyst 
in proportions not exceeding 20 percent of the total mixture 
A later, heat and pressure, patent covered the technique for 
quickly converting this resinous product into a molded 
article of excellent mechanical and electrical properties. 
Other patents for making solutions and for their use m 
laminated articles foUowed in rapid succession 

The manufacture of Bakelite was begun m Dr Baeke- 
land’s laboratory in 1907. The General Bakelite Company 
was organized m 1910 and was merged m 1922 with the 
Condensite Company and the Redmanol Chemical Products 
Company mto the Bakelite Corporation Since the expiration 
of the basic patent in 1926, many other firms have marketed 
phenolic resins under various trade names. An important 
modification of this general type of resin is the use of fur- 
fural m the place of formaldehyde for the condensation re- 
action with phenol Patents for the preparation of these 
resins, involving the use of both basic and acidic catalysts 
and no catalysts, have been granted to E. E. Novotny ^Du- 
rite Plastic, Inc ) and others, and these products have been 
on the market since 1922 

Enormous quantities of phenolic plastics have been used 
m the automotive industries, later in the radio, and most 
recently in the commumcations and aircraft mdustries 
The use of phenolic resins as bonding agents for other ma- 
terials opened up another entire field of development 

CASEIN PLASTICS— Although formaldehyde-hardened casein 
plastics was discovered in Europe and its manufacture 
beguii about 1900, its commercial development m this coim- 
try did not get under way until after the original patents 
had expired. The pioneer for casein plastics in the United 
States was Christensen who mtroduced Aladdinite in 1919, 
and by 1925 four other American firms were m production 
The primary limitation on its more extensive use is its 
hygroscopicity which leads to warping and cracking of the 
plastics when subject to wide variations in relative humidity 

Mention should also be made here of the research and 
development work which is under way to utilize proteins 
from sources other than milk as raw materials for plastics 
Chief among these are soybean protein and zein obtainable 
from com 

CELLULOSE ACETATE— A period of very active development 
of new plastics materials m this country started with the 
appearance of cellulose acetate in the form of riieets, rods, 
and tubes m 1927 TTie firm which pioneered in the develop- 
ment ot j^yroxylin plastics also mtroduced cellulose acetate 
plastics to die American market This was accomplished 



First factory of the Celliilqid Coinpanyt pioneer plastics iiiannfactiirer« in 1875 
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by a combination m 1927 of the Celltiloid Company with the 
Celanese Corporation. For two years the new corporation's 
cellulose acetate plastics was available only as sheets, rods, 
and tubes; but in 1929 the first cellulose acetate moldmg 
powder was marketed. The advent of the injection molding 
press greatly increased the speed with which molded articles 
could be produced, the wide range of colors available, the 
adaptability to all sorts of applications, and the generally 
excellent properties have made this material most popular 
Both the plastics and the molding powders are now avafiable 
from several commercial sources and are bemg satisfactorily 
applied to the production of innumerable consumer articles 
that are finding ready acceptance by the general public This 
plastics material, along >^th many others, is also being 
adopted by mdustry for many work-a-day purposes. 


and vmyl acetals. The vinyl ester resins were first made in 
the United States by the Carbide and Carbon Chemicals 
Corporation. At about the same time Shawinigan Chemical 
Ltd. mtroduced polyvinyl acetates In Canada Of the acetal 
compounds, the vmyl formal compoimd has been made by 
Shawinigan (now part of Monsanto Chemical Co) since 
1938, and the vinyl butyral by Shawinigan, £. 1 du Pont de 
Nemours and Company, and Carbide and Carbon Chemi* 
cals Corporation smce about the same tune Rubber*like 
materials from polyvinyl chloride have been developed by 
the B F Goodrich Company, Carbide and Carbon Chemicals 
Corporation, and General Hectric Company 

VINYUDENE CHLORIDE—Vinyhdene chloride resins were m- 
troduced in 1939 by the Dow Chemical Company. They have 


UREA FORMALDEHYDE— The appearance of the urea-for- 
maldehyde resinous molding compounds on the American 
market m 1929 meant the extension of unlinuted color pos- 
sibilities into the field of thermosetting molding The 
American Cyanamid Company were pioneers in the market- 
ing of the new type of sjmthetic resins, and in 1931 a similar 
product was introduced by the Toledo Synthetic Products 
Inc (later the Plaskon Company) The extensive use of 
urea plastics in the ilhimmating mdustry has resulted from 
their efficiency in providing a diffused light, plus their 
lightness of weight and shock resistance These resins have 
also been introduced into the field of laminated plastics 
m order to take advantage of the many stable colors in 
which they are available They are now produced by several 
other compames 

MELAMINE — ^Melamine resins are among the comparative 
newcomers in plastics, having been introduced by the 
American Cyanamid Company in 1939 However, melanune 
itself dates from the early days of synthetic orgamc chem- 
istry Many of its reactions are similar to those of the urea- 
formaldehyde materials, and it has been utilized in many 
of the same applications The material is now produced by 
a number of companies 

CART PHENOLIC — A phenolic resmous product, distinctly 
different from the early Bakelite type m appearance, process- 
ing, and field of application, was put on the market in 1929 
by the American Catabn Corporation These cast phenolics 



owe their popularity quite largely to their beauty and 
decorative value However, their widening use has also 
been broui^t about by their ease of fabrication and other 
favorable properties* They are now manufactured by sev- 
eral of the larger companies. 

VINYL RESIN PLASTICS— The polyvinyl ester resins have been 
known for over a hundred years, yet their commercial de^ 
velopment in this country began only about 15 years ago The 
most important of these resins industrially are polyvmyl^ 
acetates, polyvinyl chlorides, copolymers of vmyl chloride. 



OourtMf Oorpor»ti(tt 

Above s The onginal still used by Baekeland, in* 
ventor of modem thermosetting plastics, for pr€>- 
duction of first pllot^plant lots of phenol-formalde- 
hyde resins known as Bakelite. A comer of Baeke- 
land*s early laboratory in Yonkers, New York 


appeared m sheets and extruded tubings and filaments which 
have been adopted for many appheations in the vast war 
program. 

STYRENE— Polystyrene is one of the oldest known synthetic 
resins, but its industrial development in the Umted States 
IS of comparatively recent date. This may be attributed to 
disadvantages in the appearance of the early product and in 
competitive price which delayed its acceptance The Nauga- 
tuck Chemical Company introduced the resin in the United 
States in 1930. In 1937, the Dow CQiemical Company made 
available a synthetic monomeric styrene of high purity and 
a corresponding polymeric product in clear, transparent 
form These plastics are now also supplied hy several other 
companies. The most significant properties of jiolystyrene 
are its low power factor and practically zero water absorp- 
tion In addition, it is resistant to moderately strong aci^, 
alkalies, and alc^ol 

ACRYLIG^-The acrylic type of resin is another example 
of a synthetic plastics wMch has been known to chemists 
for many years but which has become available in quantity 
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only through an intensive development characteristic of 
present-day industrial research These resins were first 
prepared in this country industrially by the Rohm and 
Haas Company in 1931 Methyl methacrylate resin was in- 
troduced on the market in transparent sheet form in 1936 
by this same company, and the company’s molding com- 
pound became available in 1939 In 1937 the material was 
marketed by £ I du Pont de Nemours and Company m both 
sheets and powder 

The optical properties of cast methyl methacrylate sheets 



Left: Controller plate from one of the first molds 
made about 1909 for Bakelite molding* Right: An- 
other plate from a mold made in 1916. Part from 
the 1916 mold shows improvement in finish pro- 
duced by this mold over that made in the 1909 
mold. The older mold, however, is still in service 


make this material exceptionally well adapted to the gun 
turrets, cockpit enclosures, and other structural paits of air- 
planes 


ETHYL CELLULOSE — The first patents granted in the Umted 
States on ethyl cellulose, went to Lilienfeld — in 1916 for the 
preparation of the material and in 1917 for its use as a 
plastics material Commercial production was initiated by 
the Hercules Powder Company in 1935 and other com- 
panies now have formulations of this material The mate- 
rial’s chief applications to date have been in protective 
coatings, adhesives, paper and fabric coatings, and wire 
insulation 


CELLULOSE ACETATE BUTYRATE— The successful pioduction 
of a plastics material fiom the action of acetic acid on cellu- 
lose mevitably led to research on similar treatment of cellu- 
lose with higher aliphatic acids It was found that best re- 
sults are obtainable from mixtures of the acetate with 
esters of the higher homologs, and an early patent for the 
preparation of a cellulose acetate propionate and a cellulose 
acetate butyrate was granted to Clark and Malm in 1932 
Hercules Powder Company introduced the latter product 
to the American market in 1932, and, in collaboration with 
the Tennessee Eastman Corporation, introduced the pro- 
pionate mixture in 1937 Tennessee Eastman Corporation 
also introduced the acetobutyrate as a molding composition 
in 1938 


COUMARONE INDENE — The development of coumarone-indene 
resins, used as binders, received a great impetus in the 
establishing of the American coal-tar industry during and 
following World War I Manufacture was started by the 
Barrett Company (now the Barrett Division of Allied 
Chemical and Dye Corporation) in 1919 and by the Neville 
Company in 1929 

REGENERATED CELLULOSE— In addition to the work on the 
creation of new compounds, investigations were made on 
the conversion of solid cellulose into liquid chemical com- 
pounds, and the later reconversion of these solids in the 
form of films and filaments Although the process of manu- 
facturing this material was perfected by 1912, Cellophane 


was not launched on the American market by E 1 du Pont 
de Nemours and Company until 1924 A similar wrapping 
material is now made by the Sylvania Industrial Corporation 

ALKYD RESINS — The development of alkyd resins came about 
through the investigation of all possibilities for coatings, to 
meet the ever- increasing demands of the automotive indus- 
try After a period of intensive research, the General Elec- 
tric Company, introduced alkyd resins in 1926 At first, large 
quantities of the alkyd resins were introduced into the cellu- 
lose nitrate lacquers to obtain better adhesion and dimmish 
the porosity of the cellulose nitrate films During the past 
decade, a number of companies have entered the market 

PLASTICS FROM WOOD— The utilization of waste wood and 
sawdust for the production of molding compositions has 
been the objective of a considerable number of investi- 
gators for the past ten years In 1937, the first lignin plastic 
in sheet form for laminatmg was manufactured by the 
Masonite Corporation, and the development of lignm mold- 
ing compositions of both the thermoplastic type for injection 
and impact molding and the thermosetting type involving 
curing reactions in the mold was announced in 1939 by the 
Marathon Chemical Company 

Under the more familiar name of veneer, plywood has 
been well known and used for many purposes since the 
days of the ancient Egyptians The use of resins as adhesives 
to hold together the thm layers of wood was first noted 
about 1920, but they did not become commercially available 
until about 1930 

High-density plywoods have been on the market for sev- 
eral years following a period of successful applicdtion in 
Europe 

NYLON — One of Du Font’s latest developments is nylon 
which was introduced m 1938 for bristles in tooth brushes 
and later successfully adapted to surgical sutures, synthetic 
fabrics, and women’s hosiery 

ALLYL RESINS — The resins based upon ally! alcohol are new 
mateiials which satisfy the demand for lesins possessing 
some of the properties of thermoplastics and the chemical 
resistance of the thermosetting materials With the intro- 
duction of this type of compound considerable impetus has 
been lent to the field of manufacture of resinous composi- 
tions, particularly by casting techniques 

POLYETHYLENE — In commercial production in this country 
since 1943, polyethylene is used practically exclusively for 
the insulation of high-frequency wire and cable Reports 
on its characteristics by Du Pont and the Bakelite Corpora- 
tion have indicated that many other impoitant uses may be 
expected from its combination of flexibility and toughness 
over a wide range of temperatures, low water absorption 
and impermeability to moisture, chemical inertness, and 
excellent electrical properties 

SILICONES— Organo -silicone oxides include fluids for use 
over a wide temperature range with little change in vis- 
cosity, chemically resistant greases, insulating resins, high- 
temperature lubricants, and heat-resistant silicone rubbers 
Information regarding their properties and wartime uses 
have only recently been made public by the Dow Chemical 
Company and the General Electric Company 

THE FUTURE — At present, the panorama of materials devel- 
opment is one of steady growth of the already familiar prod- 
ucts rather than the mtroduction of numerous radically new 
types of compounds An estimate of the individual-material 
production figures gives a total of about 790 million pounds 
as the current annual rate of production of all major 
classes of plastics and resins Of this, approximately 413 
million pounds may be considered as structural or rigid 
plastics These are the plastics which, we are told, will find 
themselves in post-war competition with light metals In 
some isolated cases there may be some competition It will, 
however, in all probability be only temporary; and each 
material will ultimately find its own sphei^e of iisefulness 
Wise designers will take advantage of the divergent prop- 
erties of metals and plastics, and will combine them so that 
they are complimentary instead of competitive 
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LOOKING FOR A LONG-HISTANCE OPERATOR? 


GETTING HIT WITH A HAMMER CAN NOW 
BE A PLEASURE 

Safety helmets that are said to possess almost double the 
impact strength of laminated headgear formerly produced 
are now being low-ptessure molded from Purez resin* 
impiegnated duck The use of Durez phenolic resins for 
impregnating such materials as duck, paper, or sheeting 
IS now being practiced successfully on such a wide scale 
that the design engineer has a myriad of proven applica- 
tions available for study to assist him in selecting the resin 
that precisely fits his job 




The unusual impact strength of the Durez phenolic cas- 
ing is what makes this telephone a real long distance 
operator Few people lealize what a terrific beating the 
average telephone takes even under the most favorable 
Circumstances However, the rigid requirements of this 
telephone for impact strength, dielectric strength, and 
moldability were more than met by the Durez phenolic 
molding compound selected Durez plastics provide the 
design engineer with such desirable properties (in addi 
tion to those mentioned above) as heat resistance, moist 
ure resistance, highest dimensional stability, and resistance 
to mild acids and alkalies Add to the product versatility 
of Durez phenolics the many new molding methods and 
processes developed by your custom molder, and you can 
appreciate the almost unlimited scope which is available 
to progressive manufacturers with a "weather-eye" on 
post -victory markets* 


OIL SOLUtLE RESINS 



THE INSIDE STORY ON METAL CONTAINERS 

Durez phenolic resins used as sanitary coatings on the in- 
side of food containers are resistant to fiuit acids, wines 
and beer are odorless and non-toxic The versatile 
properties which Durez phenolic resins impart to paints, 
varnishes, enamels, lacquets, and inks, make them of un- 
usual value to the progressive manufactuier with post- 
victoiy maikets in view 



You are a scientist This means that 
you are a man of imagination . a 
man who knows how to develop ideas 
The above at-a-glance picture of Durez 
operations should serve as a ready re- 
minder to you of the versatility of 
phenolic resins and molding com- 
pounds ... of the unusual value which 
the phenolics offer to the developer 
of imaginative ideas For the past 
quarter century, Durez has specialized 


in the production of phenolics so that, 
today, Durez resins and molding com- 
pounds are leaders m their respective 
fields. Combine these facts with the 
background which Durez technicians 
have acquired through active partici- 
pation in the successful development 
of many and yaried products — and 


you can readily understand their worth 
to you. The services of the Durez staff 
are available at all times towards aid- 
ing the successful development of 
practical industrial products. Durez 
Plastics & Chemicals, Inc., 525 Walck 
Road, North Tonawanda, N Y. ‘ 


PLASTICS THAT PIT THE JOB 


MAY 1945 


SCIENTIFIC AMERICAN 


273 


ELECTRONICS Conducted by KEITH HENNEY 


Working For Industry 


In High-Frequency Heating, in Production Control and Regulation, in 
Lens Cooting Processes, in Measurement ond Anolysis, in Liquid Level 
Control, and in a Wide Variety of Other Applications, Electronics has 
Established its Value os o Working Tool for the Chemicol Industry 

By JOHN AAARKUS 

Associate 


A largb number of chemical appli- 
cationa of electromcs are of a 
measuring nature Examples of this 
are controlling combustion, liquid 
levels, temperature, and pressure; 
quantitative determinations of the con- 
ductivity of solutions, dielectric prop- 
erties, humidity, transparency, color, 
and turbidity, also electron diffraction, 
x-ray diffraction, and mass spec- 
trometer analyses 

PRODUCTION HEATING-The use of 
high-frequency methods for heating 
dielectric materials involved m chemi- 
cal processes has m the past proceeded 
mostly by a process of trial and error 
Actually, however, the amoimt of heat 
produced in a particular load of mate- 
rial IS directly related to two factors 
— the dielectric constant and the dissi- 
pation factor — ^both of which are fimc- 
tions of frequency, temperature, and 
impurities The product of these is 
called the loss factor, and determines 
the amount of heating for a given volt- 
age and frequency The higher the val- 
ues of frequency, voltage, and loss fac- 
tor, the greater is the heating effect 
The limiting factor has been the de- 
velopment of oscillators with appre- 
ciable output at higher frequencies 



During the process of coating lenses 
with magnesium fluoride to reduce sur- 
face reflection, a phototube ond on 
exciter lomp (mounted above the bell 
Jar) meosure the diminishing intens- 
ity of light reflected from a test 
lens to determine when the proper 
coating thickness hos been reached 


War-time developments m radar os- 
cillators point the way to ultra-high- 
frequency oscillators with considerable 
power output 

Dielectric measurements of three 
cellulosic fillers— cotton duck, kraft 
paper, and alpha paper — ^have revealed 
sever^ factors significant in dielectric 
heating Simulating production condi- 
tions, without purifying the samples, 
plastics laminates were made by im- 
pregnating the materials with resins 
The tests showed that relative humid- 
ity, fillers, and impunties have pro- 
noimced effects on the heating while 
the resins have negligible influence. 
Relative humidity has a very pro- 
nounced effect, increasing the rate of 
heating, particularly above 50 -percent 
relative hiunidity. The effect is more 
pronounced at high frequencies, and 
cotton duck is more affected than the 
wood pulp papers. 

Fillers and impurities are often more 
important than the mam ingredients 
insofar as dielectric heating is con- 
cerned Porous materials are more af- 
fected by moisture than homogeneous 
solids The air gap between electrodes 
also influences heating since an in- 
creased gap reduces the field strength 
in the material. Irregularities in the 
thickness of the material result in ir- 
regular heating unless compensation 
is made by adjusting the air gap so that 
it is greater in the region where the 
material is thinner Finally, the dis- 
tance between electrodes may be criti- 
cal at certam frequencies. Careful 
consideration of these factors in di- 
electric heating is an important step m 
the quantitative determination of the 
apphcability of diel^tric heating in a 
given production problem 

NEW MATERIALS-The chemist has 
played an important part m the recent 
advances in radar, ra^o, and television 
The search for new izisulating mate- 
rials, for example, has culminated in 
commercial production of a new family 
of matenals called silicones 

The Silicones, in a sense, combine 
mini^tal and organic plastics They W 


Editor Blectronica 



Pbotoalfctric pyrometers provide 
oiitomotic temperoture control of ten 
cement kilns The General Electric 
phototube in the circle is oimed ot 
o clinker zone of high temperoture 

in* the previously uneitplored territory 
between glass—^ mmeral plastics— 
and the hydrocarbon compoimds which 
make organic plastics. Processed into 
resins and bonded with spun glass, as- 
bestos, or mica, they pz^uce an in- 
sulating material almost indestructible 
by heat 

An entirely different kind of mate- 
rial, colloidal graphite, has been an- 
other chemical contribution to elec- 
tronics Aircraft radio sets, according 
to Acheson Colloids Corporation, will 
work more quietly and efficiently if 
the grids and plates of the tubes are 
treated with this product 

LENS COATING— An electronically con- 
trolled process is now being used to 
coat lenses used in military and naval 
optical equipment with special chemi- 
cal films which increase the transpar- 
ency of the glass by reducing its ten- 
dency to reflect light Electronic eqiiip- 
ment determines the critical thic^ess 
of the films as well as the degree of 
vacuum which has a bearing on their 
hardness. 

The low-reflection coating is applied 
by evaporating chemically pure mag- 
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Typicol Electronic Applications in Use Today in the Chemical Industry 


Purificatioii of carbon dioxide by eloctrostotic 
procipitotion 

Recovery of acid and catalyst used in petro- 
leum refining, by electrostatic precipitation 

Use of electrostotic precipitotion to remove 
woter particles from gases used in production 
of petrolotums, lube oils, petroleum sul- 
fonate, and so on 

Mointenonce of liquid level in vocuum crys- 
toliizers by reguloting outflow with elec- 
tronicolly controlled volves, in a plont that 
produces alumina and potassium sulfate 

Controlling the level of domp common salt 
in 0 bin 

Electrode- type electronic control of levels of 
liquids and dry materials in a plant making 
industrial chemicals 

Motor speed control in chemicols mixing 
equipment 

Controlling the entire heot cycle on a plos- 
tics molding press; o single temperature con- 
trol unit initiotes oil volving oction of 
steom, woter, oir, end hydroulic pressures 

Temperoture control with thyratrons, photo- 
tubes, ond omplifiers monitoring the process- 
ing of cement products by the color of the 
Home 

Chemicol onolysis by colorimeter of drugs, 
cosmetics, soaps, glycerine, chemicol and 
ceramic row moteriols, petroleum products, 
ond so on 

Electronic titrotion control in monufocture 
of chemicals 


Photoelectric weighing for outomotic filling 
of contoiners to predetermined levels or 
weights 

Photoelectric weighing opporatus for outo- 
moticolly weighing powder used in moking 
hard rubber ond plostics goods 

Reguloting specific gravity of muriotic ocid 
by electronically controlling the reverse -oct- 
ing volve on woter feed 

Use of phototube to meosure omount of ni- 
trate in hopper in monufocture of fertilixer 
by a meat pocker 

Feeder control on o roller mill producing 
high-grode tolcs 

Electric eor serving os milling control in 
production of chemicol ond ceroimc row 
moteriols 

Electronic conductivity meter for control of 
woter flow through heot exchongers in pro- 
duction of aluminum and potossium sulfote 

Use of ultra-violet lomps for boctericidol oc- 
tion in 0 plant turning out butonol, ocetone, 
methonol, butyl ocetote, ond ethyl ocetote 

Use of ultro -violet for bocterio control in o 
tire and rubber plont 

Automotic pH control of acid feed to treoted 
woter used In on explosives plont 

Automotic photoelectric equipment to con- 
trol the gloss ond finish of the paper output 
of supercalenders 

Speed ond regulator controls for coating 
machines used in production of photogrophic 
film and paper 


Automotic stortmg ond stopping of con- 
veyors ond mochinery in e plont making 
chemicals ond reloted products 

Photoelectric turbidity control in monufocture 
of phormoceuticols, plostics, bicorbonote of 
sodo, sodium hydroxide, chlorine, lime, Port- 
lond cement, roasted dolomite, ond so on 

Detection of low ond empty bottles on pro- 
duction lines in a plont producing drugs ond 
cosmetics 

Geiger-Muller counter for potossium deter- 
minotion by its own rodiooctivity 

Fluoro-photometers for checking and onolysis 
of product quolity in plonts producing phor- 
moceuticois, flour ond feeds, vitomin-D 
products, butonol, ocetone, ethonol, ond 
methonol 

Flame failure control by conduction ond by 
light of Home, in plont moking heovy chemi- 
cols 

Overflow olorm system on dentrifice storoge 
tonk 

Explosion meter for sounding olorm when 
hydrocorbon vopors escope into room in o 
petroleum products plont 

Photoelectric control of weighing to i)rovide 
outomotic cutoff of cylinders being filled 
with compressed gos, in o plont moking or- 
gonic chemicals 

Colorimeter for vitamin -onolysis of cereol 
foods 

Colorimeter for color- testing soft brown 
sugors 


nesium fluoride powder in a vacuum 
bell jar, ao as to bring the resulting 
vapor into contact with the lens sur- 
faces under low-pressure conditions 
A baking operation is carried on within 
the jar by means of radiant heaters 

As developed by HCA, the process 
employs a conventional electron multi- 
plier phototube to measure the dimin- 
ishing amount of reflected light from 
the lens This enables the operator to 
stop the coating operation when ex- 
actly the proper thickness of film— 
about five millionths of an inch — ^has 
been established 

Vacuum gages, electronic amplifiers, 
and meters are used to determine 
quickly and accurately whether the 
degree of vacuum within the jar is 
such as to produce a coating of satis- 
factory hardness 

Although the forming of the mag- 
nesium fluoride film is earned out in 
a vacuum, it is imperative that the 
room in which the lenses are washed 
and prepared for coating be free of 
dirt and dust— a speck of dust could 
create an image behind which an 
enemy ship or factory might hide 
while die periscope or bombsight is in 
use. Air entering the coating room is 
kept free of dirt by an electronic air 
cleaner, the Westinghouse Precipitron 

LIQUID LEVELS-Chemical industries 
are frequently concerned with the 


sensing of liquid levels m storage tanks 
These tanks may provide reserve stor- 
age or may be a portion of a complete 
processing plant in which the levels 
vary constantly as the product is added 
to or subtracted from the tanks The 
materials encountered may range from 
hydrous and anhydrous mixtures and 



Fhoiphort fhot give off the light from 
Huorescent tubes ore mixed in the 
tonk in the fpreground The phos- 
phor mix it forced into three tubes 
ot 0 time, the excess draining bock 
into the tonk for Immediote re-use 


compounds to highly corrosive fluids 
such as acids and alkalis. 

A float mechanism introduced into 
the storage container has been the con- 
ventional solution to the liquid level 
measurement and control problem. A 
shaft and stuffing box, a diaphragm 
seal, or a pneumatic or hydraulic 
transmission system is then used to 
bring the resulting level indication out 
of the tank where it in turn controls 
the position of a remotely situated 
valve or an indicating or recording 
mechanism 

These essentially mechamcal devices 
are subject to many types of trouble 
because they are continuously exposed 
to unfavorable operating conditions 
such as chemical attack, mechanical 
erosion and friction, high temperature, 
and high pressure Reliability can 
often be secured by constructing the 
float mechanisms with extreme care 
and attention to detail m view of the 
conditions under which they operate, 
but cost and upkeep may flien l^ome 
disproportionately high. 

The chemicals usually stored m a 
liquid or solid state may be electrolytes 
(having electrical conducting or semi- 
conducting properties) or dielectrics 
(having electrical in^ating proper- 
ties). By allowing these chemicals lo 
become a portion of the structure of 
an electrical capacitor, they can be 
made to produce a change in capaci- 
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tance large enough to affect an elec- 
tronic oecillator circuit and thereby 
actuate an indicating device or operate 
a reldy in an automatic control circuit 
With such a relay arrangement to 
open or close an electromagnetic valve 
Or to start or stop an electric pump, 
the chemical m the tank may be main- 
tained automatically and accurately at 
any desired level. 

ELECTRONIC SENSING-An electronic 
level-sensing capacitor may consist of 
a pair of semi-cylindrical metal seg- 
ments clamped around the outside of 
a glass manometer column that is in- 
dicating liquid level by manometric 
means, or may be a capacitor element 
mounb^l with a nonmetallic, leakproof 
protecting tube that Is mechanically 
designed for immersion in storage con- 
tainers under conditions of high pres- 
sure and/or temperature 

The manometric capacitor arrange- 
ment will work for both dielectric and 
electrolyte liquids in the manometer 
If the liquid is an electrolytic (con- 
ductor), the capacitance of the sensing 
capacitor will be a minimum when 
there is no liquid between the plates, 
and the mcrease m this capacitance as 
liquid level rises will be a direct func- 
tion of the height of the liquid between 
the plates. 

Many electrolytes may leave a con- 
ducting film on the interior surface of 
the manometer column as the liquid 
level drops, and this may cause error 
An agent must then be ai^lied to the 
intenor surface of the column to pre- 
vent this wetting action and film for- 
mation. 

With liquid dielectrics (such as some 
types of oils) m the manometric ar- 
rangement, and with all types of 
liquids us^ with immersion capacitors, 
the capacitance change will also occur 
between minimum and maximum limits 
and will again be a function of the 
height of liquid m the area of the sens- 
ing plates. 

The oscillator relay mechanism de- 
veloped by Wheelco Instrument Com- 
pany is ideally suited for sensing the 
change in capacitance of level-sensing 
capacitors. It consists essentially of a 
vacuum tube connected as an oscilla- 
tor, with a relay in the plate circuits 
and the level-sensing capacitor con- 
nected to the tuned grid circuit With 
proper adjustment of the circuit, a 
change in liquid level can be made to 
start or stop the oscillator and open or 
close the relay, as required to pro- 
vide the desired type of automatic con- 
trol. 

Capacitive level-sensing systems are 
also used to measure end control the 
position of the interface boundary be- 
tween two liquids of differing density 
and differing dielectric and conductive 
properties. Examples of this in the 
ch^nical industry are sensing of the 
interface between gasoline and water 
in undeiground reservoirs and sensing 
the InteHace position between an oil 
and an alcohol. 

The movement of the interface over 
the sensing area of the manometric 
or immersion capacitor produces an 
appreciable change of capacitance. The 


greater the difference in the electrical 
properties of the two liquids, the 
greater will be the change in capaci- 
tance and the more accurate wUl be 
the control of interface level, other 
conditions being equal 

Because of the extremely low radio- 
frequency energies present m a level- 
sensing capacitor that forms a portion 
of the grid resonant circuit of an 
oscillator, fracture of the protecting 
tube does not expose fiammable or ex- 
plosive vapors to possibilities of igm- 
tion by sparking 

VULCANIZING— In electronic vulcaniza- 
tion of rubber, high-frequency oscil- 
lation shakes the molecules of rubber 
and sulfur millions of times a second, 
creating uniform heat throughout the 
product being vulcanized in a fraction 
of the time required when steam is 
used 

Sponge rubber mattresses and pads 
have been cured by this electronic 
method in one eighth the time needed 
by conventional processes Tires, 
molded rubber goods, brake bands, ahd 
many other products can also be cured 
much more rapidly by electronics, with 
decided improvements m the pr^ucts 
obtained, 'l^e same electromc heating 
removes difficulties m the molding of 
thick plastics products, by providmg 
quick and uniform heating of plastics 
preforms so that the material flows 
readily into all parts of the mold when 
placed in the molding press 

CAMERA SHUTTER 

Tripped by Light 
From Flash Bomb 

electronic control that automati- 
cally synchronizes a new type aircraft 
camera shutter with the bursting of a 
flash bomb has been developed by Gen- 
eral Electric In collaboration with the 
Folmer Graflex Corporation The de- 
vice enables military observers to pho- 
tograph from high altitudes, and at 
night, destruction caused by explosives 
It takes advantage of the peak illumina- 
tion of the bomb by beginning an ex- 
posure approximately 1/100 of a sec- 
ond after the flash starts. A sensitive 
photoelectric cell acts on the light im- 
pulse coming from the bomb, amplifies 
the resultmg signal, and transforms it 
into a current to which the shutter re- 
sponds m less than 1/500 of a second 

EYES AND EARS 

Provided by Untiring 

Electronic Equipment 

Two distmctly different types of elec- 
tromc control umts are bein^ used 
in the mining Industry to keep ore 
crushers operatmg automatically and 
continually at the peak load corre- 
sponding to maximum efficiency. In 
one type, a microphone is positioned 
alongside the crusher and connected to 
an amplifier and relay combination that 
controls the conveyor feeding ore into 
the machine When the nobe level drops 


to a point indicating that the crusher 
is running too nearly empty, the elec- 
tronic ear detects this and calls for ore 
to be fed in. 

In the other type, an electronic eye 
is used to monitor the amoimt of elec- 
tric power drawn by the eleCtnc motor 
which drives the crusher. This power 
consumption b high when the crusher 
b fully loaded, and drops as the ma- 
chine empties. A light source and pho- 
totube are moimted over a wattmeter 
in such a way that the meter pointer 
interrupts the light beam vOhen the 
power drops The phototube feeds an 
amplifier-relay combination controlling 
the ore feed mechanism, as before 
Electronics thus provides either eyes or 
ears to do a job that would otherwbe 
require the continuous services of one 
man m a noisy position not conducive to 
accurate control of the ore feed 

CARRIER CURRENT 

Communication System Used 

By Power Companies 

Utility companies use power-lme car- 
rier current to provide a highly reliable 
type of communication by utilizing the 
power line for the communication 
channel 

Improvements and developmente such 
as electromc switching, high-voltage 
Ime-coupling equipment, and other re- 
finements, have been given an impetus 
unequalled in more normal times. 

The frequencies usually utilized 
range from 50 to 150 kilocycles The 
radio-frequency energy is confined al- 
most entirely to the wire lines and is 
not radiated into space as is common in 
radio broadcasting This results in 
greater efficiency and makes it possible 
to transmit greater dbturbances with 
less energy. 

An important application of the 
power-lme earner system b to provide 
reliable, high-quality voice commum- 
cation between such pomts as generat- 
ing stations and dispatchers* offices, or 
between dbpatchers* offices of inter- 
connected systems 

ELECTRONIC CASTING 

Produces Electrodes of 

Purified Copper 

In the manufacture of metal elec- 
trodes for vacuum tubes and x-ray 
tubes at Machlett Laboratories, a puri- 
fied copper rod is placed over a mold 
m a graphite crucible and the whole 
enclosed within a double-walled 
quartz-silicon tube A vacuum of 
about 10“® mm of mercury b main- 
tained in the tube* A coil surroundmg 
the quartz tube connects to an induc- 
tion-heatmg electromc oscillator. 

When the oscillator is turned on, the 
copper melts and flows into the mold 
Cooling IS precisely controlled by ad- 
justing the position of the heating coil 
so that crystab form longitudinally 
for maximum heat transfer under op- 
erating conditions Dimensions of the 
castmg can be held to about 1/10,000 
of an inch. No gases can be occluded m 
the metal of the casting, nor can ox- 
ides form 
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PETROLEUM Conducted by JEROME CAMPBELL 


Oil Pushes Production 


Hydraulic Devices Provide Resiliency and Flexibility for the Complex 
Mochine Tools of American Industry The Oils that are the Lifeblood of 
These Hydraulic Systems Have Been Treated by Petroleum Refiners to 
Give Quolities Needed for Long Service Under Difficult Condition^ 


T he growing use throughout in- 
dustry in recent years of hydraulic 
applications for the transmission and 
control of power has created a demand 
for oils that would bear up under the 
rigorous burdens Imposed by their use 
in hydraulic systems To create such 
specialized oils was a job for the 
petroleum industry and with charac- 
teristic energy and thoroughness it 
went to work The research men in the 
laboratories of America’s leading oil 
refiners took under consideration all 
the many and complex problems con- 
nected with hydraulic fluids They 
studied the blue prints of machine- 
tool designers and the reports of pro- 
duction men in scores of industries 
using hydraulic-powered machines 
With their notebooks m their hands, 
and their minds as well as their ears 
and eyes wide open, they paid long 
visits to the factories and shops where 
these machines were engaged m actual 
production runs 

They went back to their laboratories 
taking similar machmes with them 

lOO-LB 



In this diogram illustrating the hy- 
draulic principle, a ten pound force 
opplied to the one square inch area 
of the smeller piston is transmitted 
to oct with equal force on each of the 
ten squore inches of the lorger pis- 
ton, erecting a pressure of 100 pounds 

These were set up and put in operation 
doing the work they were designed to 
do The petroleum research men 
sweated over these machines a long 
time and they sweated over their lab- 
oratory work benches, too The result 
was a series of hydraulic oils that 
function efRciently. But they are not 


perfect yet The research men are still 
working on them and they are making 
them better and better Among the oils 
now widely in use, created especially 
for hydraulic systems, are the Gargoyle 
Vacuolme Oils produced by Socony- 
Vacuum, Texaco’s Regal Oils, Hough- 
ton’s Hydro-Drive, and Shell’s Tellus 
line 

The demand for specialized hydraulic 
fluids arose because industrial engi- 
neers were utilizing to a greater and 
greater extent the umque advantages 
of the hydraulic principle in their per- 
sistent search for better and more 
economical ways of actuating and con- 
trolling production machines Out- 
standing among these advantages is 
adaptability to complex control with 
relatively simple mechanisms 

’There are other advantages, too 
Hydraulic power transmission applied 
to machine tools permits for example a 
wide range of cutting speeds, which 
may be controlled with great accuracy 
yet changed frequently during opera- 
tion It pemits a rapid tool approach, 
but a slow cutting speed when desir- 
able, and then a rapid return at the 
end of the working stroke Other im- 
portant advantages are smooth, vibra- 
tionless action that is not greatly af- 
fected by load variations, a cuiAion- 
ing effect on tools which helps to ex- 
tend tool life and improve surface 
finish, and heavy cutting without dis- 
turbances in the operation of the 
machine Hydraulics can also be de- 
pended upon to provide great pressure 
when it is needed, with or without mo- 
tion, and automatic release at over- 
loads as well as automatic shutdown 
when tools become dull 

Oil is the lifeblood of these hydraulic 
applications To grasp how it does its 
work, it should be recalled that an 
elementary hydraulic system consists 
of a piston in a small cylinder which 
is connected by a pipe to a much larger 
cylinder fitted with a proportionately 
larger piston. As every bright school- 
boy knows, this arrangement will trans- 
mit power because pressure applied 
to an enclosed fluid is transmitted 
undiminished thix>ughout the system so 
as to act equally »in all directions. 

In other words, ^ if the small piston 
were one square Inch and the large 



A multiple speed drill whose feed 
IS controlled by hydroulic pressure 


piston 10 square inches in area, a one 
pound weight placed on the small pis- 
ton would cause a pressure of one 
pound per square inch to be transmitted 
through the pipmg so as to act on every 
square inch of the larger piston, pro- 
duemg a pressure of one pound on 
every square mch of the larger piston 
or an aggregate pressure of ten pounds 
Of course, any movement of the larger 
piston would be only one tenth of that 
of the smaller piston 
Utilizing this basic principle in hy- 
drauhe machine tools, a pump is sub- 
stituted for the small piston, cylmder, 
and weight The pump forces oil into 
an operating cylinder (corresponding 
to the large cylmder of the example) 
thus moving the piston and the at- 
tached machine parts. The volume and 
rate of oil flow into the working 
cylmder determine the extent as well as 
the speed of the piston’s movement 
In hydraulic machine tools, two basic 
methods are used for controlling the 
flow of oil. The first, the constant-vol- 
ume system, uses a constant-speed 
pump, discharging a uniform flow of 
oil at constant pressure. For this, geair 
or vane pumps are generally employed 
Discharge pressure is held constant 
by spring-loaded relief valves and 
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th« flow of oil from the pump to the 
working cylindm Is throttled, by- 
paseed, metered, or reversed by meens 
of various other valves. 

In the second mefliod, the variable- 
volume system, a constant q^eed pump 
is also us^ but the design Is such that 
the rate of disdiarge can be varied at 
will from sero to maximum in either 
direction. Plunger pumps are generally 
used, in which the length ^ stroke 
can be changed to vary the rate and 
reverse the direction of oil dischar^ 

Machines usually employ a constant- 
volume system where the oil pressure 
is not required to be more thim a f^ 
hundred pounds per square inch or 
where va^tion is small, where small 
machine parts and work are to be ac- 
celerated and decelerated, and where 
cost of installation is a consideration 

OPEWAfING cylinder 


HydresHe power drhrsi ell 
Hie mejer faoriae perti of 
riiit ikHter. A consteiit* 
speed, vorieble dlschorge 
rodiol pistea pomp forces 
oil into the opereting cylin- 
der thof reciprocefes Hie 
rosi, end isle e^r cylinder! 
fliof ocfbore the work toble 




On the other hand, where pressure 
18 needed m thousands of pounds per 
square inch and close control is neces- 
sary, or where massive machine parts 
and heavy work must be moved 
smoothly and without shock, a van- 
able-volume system is gener^ly used. 

Many machines use features of both 
systems, either completely separated 
to operate different parts of the same 
machine, or combmed for alternate 
control during varying portions of the 
operating cycle Sometimes the sys- 
tems are combined to work simultane- 
ously with each other. An extremely 
wide range of combinations is possible 
The increasingly complex fimctions 
which production men are devising for 
modem machmes leads to the engi- 
neering of increasingly complex hy- 
draulic drives for them 

ON MACHINE TOOLS-Typical of ma- 
chine-tool appbcations is a hydraulic 
shaper. Here a constant-disdiarge 
gear pump draws oil from a reservoir 
and moves it under pressure through 
piping and a reversing valve altema- 
tivdiy to each end of the operating 
c^lnder so as to produce a reciprocat- 
ing movement of the piston and hence 
pi the shaper head and the cutting tool 
A throttling valve controls cutting 
speed. The extent of stroke is controlled 
stops or dogs which actuate the re- 
versiiig valve when the shaper head 
reaches the desired limit of travel 
The same type of power transmission 
IS used for creating reciprocal motion 
in other madilnes, as, for example, 
surface grinders. 


Here is timplified form ore 
the etieiitioi ports of o hy- 
droiilic system os opplied to 
0 shoper A pump drows oil 
from o reservoir ond forces 
It into on operoting cylin- 
der where it octivotet the 
piston which moves the tool 


Hydraulic systems of widely varymg 
complexity and design are used on 
other machines These include broaches, 
of which a notable example is a broach 
for rifling gun barrels, planers, mill- 
ing machines; drill presses, lathes; bor- 
ing mills; and honing machines Other 
applications are on cylindrical grinders 
and special purpose grinders Hydraulic 
power transmission and control are 
used to guide and feed the work to the 
wheel or the wheel to the work, what- 
ever the set-up may be Punches, 
presses, and shears also make use of 
hydraulics to generate the immense 
pressure needed to force punch, die, 
or knife through or agamst the work 
during a single stroke of the operating 


Oil MOVES MACHINES-For all these 
hydraulic applications the petroleum 
industry supplies correctly functioning 
oils, and problems the refiners 
overcame in producing them point up 
the importance of this one phase of 
the chemical industry Prime ainong 
the essential qualifies of good hydraulic 
oils is correct viscosity. As is shown 
in Socony- Vacuum's handbook of hy- 
draulic systems, there is always more 
or less intemd leakage, known as 
slippage, in hydraulic pumps. This 
lowers the capacity of the pump and 
increases oH temperature. In vanable- 
stroke piston pumps, moderate shp- 
page can be compensated for by length- 
ening the stroke of the pistons, but 
this causes a corre^ndi^ increase 
in the consumption power. 

Wh^e a hydraulic system employs a 


SRCCO CONTROL 


gear or vane pump, the volume of oil 
discharged is always greater than the 
demands of the working cylinders. 
A by-pass relief valve serves to con- 
trol the discharge pressure and to 
divert the excess oil flow back to the 
reservoir. 

Moderate sbppage in this type of 
pump— that is, loss of capacity— con- 
sequently does no more than reduce 
the flow of oil lost through the relief 
valve. In this case, moderate slippage 
does not increase power consumption 
It does increase, however, the tem- 
perature of the oil at the pump To 
keep slippage down and to maintain 
maximum pump capacity with mini- 
mum power consumption and low oil 
temperatures, the viscosity of the oil 
used should be suited to the particular 
design of the pump that is employed 

Viscosity has o^er aspects, too. It 
must be considered from the viewpoint 
of the ready flow of oil through the 
system and the prompt response of 
valves and other parts. Light-bodied 
oils assure ready flow and quick re- 
sponse, but their use may cause ex- 
cessive internal leakage and needless 
power consumption. Heavier-bodied 
oils ofler a hi^er resistance to leakage, 
but are more sluggish. Hence more 
^power is needed to circulate them 
through pipes, valves, and orifices. The 
drop in pressure between pumps and 
working cylinders increases as oU body 
increases and machine efficiency is 
consequently reduced. 

On the suction side of the pump, 
under theoretically Ideal conffitions, the 
force that causes the oil to flow can 
be no greater than that exerted by a 
perfect vacuum, which is approximate- 
ly 14 7 pounds per square inch. Where 
the suction area is fixed, the volume 
of flow to the pump will vary invers^y 
with the body of the oil. If the oil is 
too heavy in body, the pump will re^ 
ceive an insufficient supply erratic 
machine action Will be the result Con- 
sequently, all these difforlng factors 
must be given due considereHon in 
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selecting an oil suitable viscosity 
lor the most ^Sclent machine opera- 
tion. 

The temperature of an oil is also an 
important factor in its viscosity; the 
temperature under which the oil will 
be used must be considered in selecting 
the correct viscosity for best service. 
In systems where a variable discharge 
pump repeatedly reverses its suction 
and discharge, ^e same oil may pass 
back and forth through the pump and 
only a small voliune of oil is drawn 
from or discharged into the reservoir. 
In such cases the reservoir tempera- 
ture may not represent the true op- 
erating temperature of the oil, &e 
crucial factor, th^ is the temperature 
at the pump. ^ 

A hydraulic oil that would maintain 
the same viscosity at all temperatures 



Tht verticol romt ond the work table 
on thii duplex vertical broaching ma- 
chine are all hydroulically operated 


would be highly desirable. Such an 
Oil would be ]ust as prompt in its ac- 
tion when the machine was first started 
as it would be after a warming-up 
period. As yet, no such oil is available, 
although some oils have a minimum 
viscosity change over a wide range of 
temperatures. The use of such oils cuts 
down the period of slugud^h action, 
lowers power consumption, and re- 
duces the non-productive time needed 
for wanning up the madhine. 

LUBRICATING QUALITIES-In addition 
to transmitting pressure, hydraulic oils 
must also lubii^te the moving parts 
oi jpumps, cylinders, and valves. In 
facC on some machine tools, oil is bled 
from the hydrauUe system to lubricate 
the ways. To prevent excessive wear, 
partieidarly where fluid pressures are 
high, good hydrauUe oils must pro^de 
stro^ lubxicatitig Aims that re^ the 
pressure and wiping ttcUm between 
moving parts at whatever operating 
temperatures the machines may de- 
velop. A lubricating film under these 
conditions must possess unusifa] 


strength since it is only microscopic 
in thickness. 

Deficiencies in film strength cause 
excessive wear and unnecessary power 
consumption. Wear inside a mi^iine 
increases internal clearances and 
therefore internal leakage. Wear at 
glands and staffing boxes increases ex- 
ternal leakage. When wear occurs, the 
metallio oontaet between the moving 
parts devdops excessive frictional 
heat, increasing the oU temperature 
and consequently thinning the oil 
Thinner oil stiU further Increases in- 
ternal leakage and power consumption, 
and impairs as well the value of the oil 
as a lubricant by reducing its load- 
canying capacity. Furthermore, lack 
of film strength, in some machines, 
may result in piston, table, and sUde 
chatter, which in turn causes inac- 
curate and imperfectly finished work 
In all machines, deficient lubrication 
causes excessive maintenance costs and 
premature replacement of expensive 
parts. 

Another necessary quality of good 
hydraulic oils is demulsibility, in other 
words, the ability of oil to resist emulsi- 
fication when mixed with water This 
quality is important because moisture 
is oft^ present in the hydraulic sys- 
tem of a machine It may result from 
leakage of water-soluble cutting fluid 
into the system, or it may arise from 
condensation of the moisture in the 
atmosphere as air surges in and out 
of the reservoir breather pipe When 
water mixes with some oils, permanent 
emulsions are formed These may be 
of thin and slimy nature, or of a 
sticky, pasty consistency, or may be 
heavy gummed deposits, depending 
upon operating conditions Such emul- 
sions interfere badly with the correct 
functioning of valves and other pre- 
cisely adjusted parts 

Resistance to emulsification in an 
oil depend upon its ability to separate 
readily from moisture so that water 
which enters the system can settle to 
the bottom of the reservoir and not be 
circulated with the oil 

CHEMICAL STABILITY— The most im- 
portant overall qualification of service- 
able hydraulic oils is chemical sta- 
bility. Constant churmng and circula- 
tion in the presence of air tends to 
cause chemical changes in hydraulic 
oils. If they cannot resist this tendency, 
oxidation occurs and the oils sooner or 
later thicken and become sluggish in 
service, retarding the operating cycle 
and slowing down production. Sludge 
and gummy deposits form, interfering 
with reliable action of the machine 
Hence the oil which resists chemical 
change and retains its original char- 
acter for the longest time will give the 
best service. 

High operating temperatures tend to 
accelerate the oiddlslng process. There- 
fore the lower the operating tempera- 
tures can be k^pt, the less will be the 
tendency toward destructive oxidation 
In most hydraulic systems, operating 
temperatures 4p not exce^ 130 de- 
grees, Fahrenhatt Where oil coolers 
are used the temperatures may be kept 
within relatively narrow limits. Of 


course, operating temperatures vary 
according to fiie design of the m a chin e 
and the kind of work being performed. 
In some machines, the circulating oil 
is discharged for extended periods 
through a relief valve Sudi conditions 
may increase the temperature of the 
oil in the working part of the system 
beyond 130 degrees, Fahrenheit In 
some cases, it may go as high as 200 
degrees, while exceptional cases have 
been noted where ^e oil has become 
heated as high as 280 degrees, Fahren- 
heit Under these high temperatures, 
superlative chemical stability is needed 
to guard the oils against oxidation and 
the formation of gummy deposits. 

Hydraulic applications in machine 
tools are boimd to grow in the years 
following the war. Here is an expand- 
ing market for the petroleum industry 
where quality is primary and price 
secondary as far as the consumer is 
concerned. To date, the mdustry has 
kept pace with the specifications of 
mechanical engineers and manufac- 
turers of hydraulic equipment In doing 
so it has fulfilled the immensely in- 
creased demand for hydrauhe oils 
stimulated by the urgencies of war 
production. But its work along these 
lines is by no means finished A sig- 
mficant portion of the future achieve- 
ments of the petroleum industry, once 
peace returns, will lie in the improve- 
ment of hydraulic oils for use in the 
machines that cut, stamp, grind, and 
drill the useful thmgs men and women 
everywhere want in order to liVe a 
more abimdant life 
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NEW ENGINE 

Uses a Variety of Fuels 

Without Sparking Devices 

A DEVELOPMENT in Diesel anginas, 
which will enable the operator to use 
either gas or oil as fuel without any 
electrical sparking device, and whi^ 
will cut fuel consumption of gas 
engines as much as 25 percent, has 
been annoimced by Ralph L Boyer, 
chief engineer of The Cooper-Bessemer 
Corporation 

Experimentation which began in 
1928, Mr Boyer said, recently has 
been rewarded by the successful op- 
eration of a natu^ gas engine <fn 
Diesel principle. This enables the unit 
to operate on a wide variety of fuels 
including fuel oil, natural gas, manu- 
factured and coke oven gases, sewage 
gas, and refinery by-products. Accord- 
ing to Bdr. Boyer, conversion from 
liquid to gas fud is as simple as the 
closing of one valve and the opening 
of another with the engine <^;>erating 
continuously at full load. AJthou^ 
conversion from one fuel to another has 
been possible in the past, it has always 
been necessary to shut down and ex- 
change major or minor parts of the 
engine. 

The new principle. It is said, wfil 
enable the engine to have the same 
fuel economy regardless of the type of 
fuel used. 
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AVIATION CQnducted by ALEXANDER KLEMIN 


Aide To Aviation 


One Chemical Plont Alone Produces 80 Chemicols Used in the B-29. 


This Fact Brings Home the Close Relotionship between Chemicol In- 
dustry end the Mass Manufacture of Airplones, Both Those Used Today 
for War ond Those that Will Fill the Skies in the Coming Days of Peoce 


serts in place Once this has been done, 
the assembly is ready to be cured 
The mold, mounted on wheels, is 
rolled into an oven where it is sub- 


C HEBdSTRY supplies to the science 
of aeronautics many of the in- 
gredients essential to large-scale avia- 
tion as it exists today Leaving out of 
the picture the well-known subject of 
fuels, it can be said that one of the 
most striking as well as most recent of 
chemistry’s contributions is the use of 
glass-reinforced plastics Before the 
advent of Fiberglas, plastics had proved 
eminently satisfactory in many non- 
structural parts of the airplane, but 
had served less frequently for struc- 
tural parts, airplane designers raised 
objection to the low specific strength- 
weight ratio of plastics The use of 
glass-reinforced low-pressure resins 
seemed to remove this objection, and 
officers of Wright Field, with Colonel 
Paul H, Kemmer in the lead, imtiated 
a research project in co-operation 
with Owens-Coming-Fiberglas Corpo- 
ration, which, in turn, sought the help 
of seven leadmg manufacturers of 
thermosetting resins Glass was the 
common denominator m the use of 
resins with such famous trade names 
as Plaskon, Lammak, and so on. Com- 
bmations of resin and glass fiber were 
prepared in the form of cross-lami- 
nated ^eets With specific gravities 
between 1 69 and 1 81, tensile strengths 
of over 50,000 pounds per square inch 
were obtained, and fiexural values ran 
higher sUll, up to 84,600 pounds per 
square mch 

To enormous strength and low dens- 
ity weye jomc^ hardness and resistance 
to abrasion, impact, flame, and mois- 
ture Thanks to the cross-lamination, 
a fair balance of strength in all direc- 
tions of the material was obtained An- 
other advantage of Fiberglas, with its 
copolymer resins, is that it lends itself 
to low-pressure molding^ at moderate 
temperature, thus avoiding complicated 
and expensive equipment. 

The next step in the program was 
ihe development of sandwich construc- 
tion in which multi-phes of the glass- 
reinforced plastics are used for faces, 
with a balsawood core having grain 
parallel to the faces The advantage 
of such sandwich construction is that, 
with the heavy fibers separated by the 
light core, far greater local strength 
against buckling is secured. Sandwich 
construction is a valuable addition to 


^ jected to a temperature of 220 degrees, 

Fahrenheit, for a period of three hours 
Thereafter, the molded section is with- 
aviation technology and is bemg ap- drawn and its rough edges trimmed 
plied to other materials besides Fiber- off To Jom the two l^ves of a fuselage, 
glas a spline is inserted into the core and 

glued with a cold-setting resin glue 
PLASTICS AIRPLANCS — When this new Bulkheads are assembled and glued 
structural material had been perfected, mto place, and the completed fuselage 
Wright Field decided to see what could is ready for assembly, 
be done in duplicatmg the aluminum The fuselage was subjected to de- 
fuselage of a BT-15 framing airplane structive tests in direct comparison 
with the aid of the Flberglas-balsa with a 24ST aluminum fuselage. With 
sandwich A molding technique was a weight only a few pounds greater 
also developed m which glass cloth is than that of the metal fuselage, the de- 
laid upon an impregnating table, and structive load for the Fiberglas-balsa 
laminatmg resm is appbed uniform- fuselage was mcreased nearly 80 per- 
ly to the cloth by the use of squeezes cent The reasons for this excellent 
Then the material is transferred to result lay partly in the greater specific 
the male mandrel where the five plies strength of the Fiberglas and partly 
comprising the outer face of a fuselage in the sandwich construction 
skin are carefully trimmed The face There are other important applica- 
plies are then transferred to a female tions of Fiberglas in airplane construe- 
mandrel tion. Light, flexible sheets of resin- 

Then the prefabricated balsa core is impregnated Fiberglas cloth are used as 
placed m position, and on top of this protective linings in fuel-cell cavities 
the inner five plies A rubber blanket built mto the wmgs of a Boeing Super- 
is placed over this assembly and sealed fortress Because the glass sheets pos- 
on the edges By means of a small sess high impact strength, they prevent 
pump a partial vacuum is drawn be- “flowering” of the metal walls of the 
tween the blanket and mold, with in- fuel cell if struck bjra bullet Thus they 



Afte^ the eltmtiift of o Flbtrglos-bolta fuselegt are ossembled in the fimoft mandrel 
ond leoled with a rubber bfonket, a portiol vocuum is oppHed by psmp ot nght 
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safeguard the rubber fuel cell against 
protrusion of the Jagged petals of sudi 
**fk)wer8** into its wall— ^tnd therefore 
do not prevent the self-sealing material 
from closing the hole. 

SAFETY IN OIL LINES-A contrast to 
Fiberglas in both composition and use 
is compar, another plastics that serves 
aviation. It was developed by Resisto- 
Corporation and the name was de- 
rived from the words ^'Compounded 
Modified Polyvinyl Alcohol Resin ’* 
These compounds and modifications 
take on some plastics- and some rub- 
ber-like prop^es during Uie com- 
pounding and processing, but all ap- 
pear to be flexible, tough, and re- 
sistant to abrasion. 

Some types of the compar group have 
exceptiondly low permeability to gases, 
others freedom from aging or oxidation, 
while still others retain their valuable 
properties through the wide tempera- 
ture range of —70 to +300 degrees, 
Fahrenheit All have a high degree of 
polymeriz^on, high molecular weight, 
and low specific gravity Perhaps the 
outstanding characteristic is resistance 
to the action of gasoline, oils, and most 
of the organic solvents Tensile strength 
IS high. The production of compar in- 
cludes some methods common to the 

JW', V, 


After Pearl Harbor, it became neces- 
sary to apply camouflage finish to the 
upper and lower fabric-covered sur- 
faces of Boeing Clippers used by Pan 
American Airways, instead of the alu- 
minized dope u^ during peace-time. 
Operational diflElculties developed be- 
cause the camouflage finishes caused 
rapid deterioration of doped surfaces, 
particularly in tropical climates, and 
necessitated frequent replacements 
There was delay in replacement be- 
cause doping could not be undertaken 
during humid weather Then a new 
technique was developed, 'liot dop- 
ing,*’ m which heatmg the viscous 
colloidal dope to 175 degrees, Fahren- 
heit, lower^ its viscosity sufficiently 
to permit of spraying with a standard 
spray gun Heating the dope, instead 
of reducing its viscosity with thinners, 
allowed the deposit of more solid ma- 
terial m each coatmg, so that four or 
five coats instead of eleven became suf- 
ficient But then another difficulty 
arose* no ordinary hose could stand 
the orgamc chemicals employed at 
elevated temperatures Compar hose, 
however, came to the rescue, and the 
hot doping of the control surfaces be- 
came commonplace 
Recent advances m aircraft engine 
design involving the use of fuels with 

The bubble shaped canopy 
used on this 
Thunderbolt gives 
unobstructed vision in 
oil directions 
The conopy is fobricated 
of one piece of 
Plexiglas, requires 
no metal fromework, 
ond IS light in weight 



plastics industry and some to the 
manufacture of rubber It is milled like 
rubber, for example, but transforma- 
tion into finished products is accom- 
plished by extrusion or molding 

Some of the aircraft applications in 
which compar has been employed are 
of great mterest. For example, the 
Sperry Gyropilot is an essential ele- 
ment of long-range flight and of pre- 
cision bombing In production testing, 
the Gyropilot with its various hy- 
draulic Imes must be submitted to 
rollmg, pitching, and yawing motions 
of great violence, and of ’round-the- 
clock operation on the vibrating stands 
The lines have to be oil-proof, flexible, 
capable of indefinite service, and re- 
sistant to 'liammer” or suddenly ap- 
plied hydraulic pressures of between 
150 and 200 pounds per square inch 
The short flexible Imes have to with- 
stand constant coupling and uncouplmg 
and remain flexible. Lines must be 
bent on a five-inch radius to permit 
cleaning of machines and to make cer- 
tain connections at sharp angles The 
hydraulic fluid must not permeate the 
walls of the tube. The compar lines 
have met all these requirements and 
on the test stands a single line has 
served for five years without showing 
any deterioration. 

An equally important application of 
this plastics lies in maintenance work 


an mcreasmgly high ’^aromatic” con- 
tent, have shown the need of fuel lines 
that are resistant to benzol, toluol, 
xylol, or other aromatic fractions Here 
the problem has been solved by the 
use of hose of varied types, with cores 
made of vinyl plastic which neither 
breaks down nor sloughs under the 
action of lubricating oils or fuels 
These lines are widely used on 
Douglas, Grumman, Boeing, and other 
aircraft 

Still another application of plastics 
tubing hes m flight testmg It is some- 
times necessary to obtam actual meas- 
urements of static pressure, shock pres- 
sure, and so on, over many points 
of the wing surface Large numbers of 
flexible lines become necessary, lashed 
together so that they will not vibrate 
and rub against metal If these lines 
are transparent and filled with mer- 
cury, picture records of the fluid 
movements during test flights make 
possible an aopurate check of flight 
instruments. Compar lines have met 
all these requirements 

CHEMISTRY IN THE B-29-~Other> leading 
chemical companies are making sig- 
nificant contributions to aviation. For 
example, at a fingle plant, the Du Pont 
Chambers Worics, 80 chemicals are 
produced that go into the Superfortress 
as Ingredients or finished products. By. 



Sperry Gyropilots on vibroting test 
tables, connected with plostics tubes 


electrolysis of a water solution of salt, 
chlorine and caustic soda are obtained 
From these two neophrene is made 
A synthetic rubber resistant to oils 
and to flame, neoprene is used for cov- 
ering on electric wiring and for car- 
buretor diaphragms on the B-29 
Agam, chlorme enters mto the ethyl- 
chloride used in making tetraethyl 
lead, the anti-knock compound essen- 
tial for high octane gasolme Rubber 
has to be well -compounded before it 
goes into the molds, and to improve the 
rubber compounds’ resistance to aging, 
“Zenite” made from coal-tar chemi- 
cals IS employed A few drops of anti- 
oxidant made from petroleum chemi- 
cals prevents gum formation in gaso- 
lme 

Such examples could be multiphed 
mdefimtely Thus, huge tires of Army 
bombers or caigo planes can with- 
stand the heavy pumshment mvolved 
only because the tires are made of ny- 
lon cord In ’*air pick-up” work, All- 



In moking an airptone turret, a Flexi- 
glot sheet is clamped to o voduum 
pot ond drown downword before the 
cloth-covered, turret-shoped forqi, 
shown obove the pot, U releosed 
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American Aviation in its first year of 
operation used manila rope and steel 
cable. The combination worked well 
but involved the use of a mechanical 
shock absorber Now the work of the 
chemist has replaced the steel cable 
by nylon rope which stands abrasion 
better, and also avoids the use of a 
mechamcal shock absorber. The shock- 
absorbing property of nylon is ex- 
plained by hysteresis, or internal fric- 
tion. When a rubber band is stretched 
and let go, the energy is released in the 
form of a quick snap. But the energy 
stored up in a nylon rope when the 
airplane’s grappling hook catches the 
mail pouch at 110 miles an hour, is re- 
leased ' largely as heat, owing to this 
internal friction. Only a part of it is 
converted to recoil, which accounts for 
the smooth performance of nylon rope 
in air-mail pick up 

While for structural airplane parts 
thermosetting plastics are used, the 
transparent parts employ thermoplas- 
tics, with acrylics as a foundation, for 
the Plexiglas used in bomber noses, 
gim blisters, and other airplane en- 
dosures In the latest version of the 
P-47 Thunderbolt, the “bubble” canopy 
of one-piece construction not only 
gives die pilot imobstructed vision m 
all directions, but it also elimmates 
metal framework, saves weight, and 
reduces head resistance. 

It is not too much to say that chem- 
istry, by bringing forth the synthetic 
adhesives, has revolutionized the whole 
art of aircraft wood and plywood con- 
struction, smce it has removed bac- 
terial decay, provided water-proof 
glues, and suggested new and remark- 
able processes of fabrication. An ex- 
ample of this IS the Redux process of 
bonding metal to metal, and metal to 



Shssfs of impregnotodv gloss cloth 
ers used to line fuel -cell coiritiet 


wood. Hedux is a new type of thermo- 
^ting synthetic resin adhesive. By its 
iii4 joints are produced without rivet- 
ing or welding. This process opens up 
xmny possibilities in composite con- 
stnii^n. The bonding process in- 
volves cleaning of sttrfaces, application 
of Redux liquid and powder, and ioin- 
ing the me^ surfaces under substan- 
tial pressure at approximately 240 
degrees, Fahrenheit. 


To the chemist there is also credited 
a new inorganic compound which pre- 
vents the dangerous thickening of 
aviation oils at sub-zero temperatures 
or their excessive thinning in tropical 
heat. The importance of this will be 
realized when it is remembered that 
oils are used in lubrication, in brake 
actuation^ in lowering and raising 
landing gears, and in operatmg turrets, 
control surfaces, and variable pitch 
propellers 

All these contributions of chemistry 
to aviation and many more for which 
there is not space in this article are 
cogent testimony that the chemist is 
indispensible to the expanding sdience 
and industry of flight They show with 
equal weight that aeronautics offers 
the chemist a wide field for further 
research 


% 9 9 

CARGO PLANI 

Con Readily be Converted 

To Passenger Use 

Th* War Department has finally per- 
mitted information to be released on 
the Fairchild military cargo plane al- 
ready successfully test-flown by the 
AAF and now m production. The new 
ship is officially designated as the Fair- 
child C-82 and has a number of dis- 
tmctive features which will give it a 
peace-time future as well as immediate 
military importance. 

The fuselage Is almost square in 
cross-section, with the interior wholly 
unobstructed. Because the tail suites 
are carried at ^e ends of two booms 
running from the wing, the rear of the 
fuselage can be open^ up completely, 
giving space enovih for a tank to roll 
up the ramp under its own power. 
Vertical walls and unobstructed cargo 
space for the entire length are pro- 
vided. Use of a tricycle landJ^ gear 
makes die floor at cargo compart- 
ment parallel 0 the ground. 
fuselage platlofm Is the same height 
as that of a standard truck floor, for 
easy transfer of frrfght from a tru^ to 
the airplane. 

Thetnadiine is primarily designed for 


Above* The Pocket tokei to the oir 
Below* An ormored cor rolls oboord 



carrying tanks, ammunition, supplies, 
troops, or paratroops to combat areas, 
but it is estimated that the “Packet,” 
as the C-82 is also called, can carry as 
many as 78 passengers by day and 80 
by night in upper and lower berths 
on both sides of the aisle 

The construction of wing and fuselage 
IS of the. most modem monocoque and 
high-strength aluminum alloy type 
The lower portion of the fuselage is 
provided wi£h seven longitudinal beams 
whidi take the floor and tie-down loads 
in die main cargo area, beneath the 
plywood covered floor. 

ASSISTED TAKE-OFF 

Would Make Use of 

Driven Landing Wheels 

In thi Loqdon Aeroplane, 8. W. G. 
Foster suggests a new me&od of pro- 
viding assisted take-off. 

The idea is to drive the wheels di- 
rectlb^ from the engine at a time when 
the airscrew itself is somewhat in- 
efficient. There is litde doubt diat take- 
off would be shortened, but would the 
additional complexity ol medianism be 
worthwhile^ 
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MiTALS IN INDUSTRY Conducted by FRED P. PETERS 


Metals Fight Corrosion 


Improvement' of Alloys ond Coolings to Combof the Ravages of 
Corrosion is One of Todoy's Most Hopeful Industrial Trends, Involving 
Both Metols and Chemicols. Industrial and Consumer Products Lost 
Longer, Look Better, and Moke Everyone Concerned Hoppier 


M any of the applications of metals 
and alloys in industry and 
everyday life are fronts in that per- 
petual battle between metals and chem- 
icals that man calls corrosion. For 
centuries the combat has been an ex- 
pensive one for metals and for society 
at large. It was once reliably esti- 
mated that losses traceable simply to 
the corrosion of metal products are 
in excess of two billion dollars each 
year. Yet so much progress has been 
made in recent years in retarding this 
evil that we may look with reasonable 
assurance for a contmuing decline in 
the proportionate economic loss rep- 
resented by metal-oorrosion. 

Certainly the checking of corrosion 
IS recognfred as one of today’s most 
important engineering and scientific 
fields Hundreds of first line metal- 
lurgists, chemists, electro-chemists, and 
engineers are continually investigating 
it from either the fundamental or 
practical point of view 
The leading technical societies have 
formed the Coordmating Committee on 
Corrosion, while every important metal 
producer and many large metal con- 
sumers like the Bell system, General 
Electric, Westinghouse, the War De- 
partment, the Navy Department, Gen- 
eral Motors, Crane, Babcock and Wil- 
cox, and so on, mamtain a staff of 
corrosion specialists to find out why 
and to what extent metals are corroded 
by specific environments, or to develop 
alloys, coatings, or inhibitors to resist 
or eliminate the corrosion 
Corrosion problems may be divided 
into four broad types. The most prev- 
alent manifestation (and the most costly 
to society) is corrosion of metals by the 
ordinary atmosphere. The chief ex- 
ample of ffiis is the familiar rusting 
of iron. The second major corrosion 
field is marine corrosion— the attack 
on ship parts and cargoes by sea water 
or the salt sea aiz^-^d may be con- 
sidered a special case of the first 
The third is the corrosion of machin- 
ery parts, industrial equipment, and 
other products by corrosiveB other 
than afr or salt water. Outstanding 
representatives of this are the attack 
of lubdeating oil on engine bearings; 
the embiitllement of steam boilirs by 
the combined effects of alkali in the 


water and heat; the damage done to 
cooking utensils by certain foods; the 
destruction of pickling and plating 
equipment and parts by the solutions 
used, and so on. 

The fourth, again, is a special case 
of the third, but is perhaps the most 
important technical phase of corrosion 
the corrosion of equipment used in the 
chemical manufacturing and process 
industries Much of the broad general 
advance in battling jcorrosion has 
stemmed directly or indirectly from 
work originally done specific^y to 
solve a corrosion problem '^involving 
equipment used in the chemical pro- 
cess industry 

WHAT CORROSION IS~-The questions of 
how and why metals corrode— the so- 
called ‘‘mechanism” of corrosion— have 
produced several answers down 
through the years. The theory enjoy- 
ing widest acceptance at the present 
time is called the electrochemical the- 


ory. According to *t, each case of cor- 
rosion involves a flow of electric cur- 
rent, something like the flow of current 
in a battery and the accompanying eor- 
•rosion of the plates, on a miniature 
scale 

Virtually every metallic surface or 
structure contains non^-homogttieitles. 
Each of these behaves like a little 
electrode, while the metal itself acts 
as another electrode in contact with it 
but differently charged. Finally there 
must be a driving force or “potential” 
to start the flow of ions from the metal 
into the attacking solution. 

This potential is different and char- 
acteristic for each metal and a listing 
of metals in accordance with the po- 
tential of each— that is, its rela^ve 
tendency to dissolve in solutions of its 
salts— gives rise to the so-called “elec- 
tromotive force series,” of which a 
condensed form is shown in the left- 
hand column of the accompanying 
table. The right-hand column is a 
somewhat “practicalized” version, 
showing the position of several familiar 
alloys as well as the more common 
pure metals 

This table may be used for a variety 
of practical corrosion problems It 



couitMT U 0. BaMNff Conpiiir 

The eqaipmaatHs this pumphovst for tynlhork robber chemKelt lUattrofet tbe 
seed is bKhartry for mefolt Hiot ore strono at well ei highly resittenf fo eorreilos 
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Aowb, for example^ the general tend- 
ency of the individual materials to be 
corioded by the atmosi^ere, those 
near the top being more rapidly at- 
tacked than those near the bottom 
Aluminum, for example, is near the 
top and is avidly attacked by ordinary 
air, while Monel metal, near the bot- 
tonv is affected but slowly. That 
aluminum kitchen equipment remains 
just as bright and imcorroded as Monel 
IS caused by the fact that the quickly- 
formed oxide on aluminum is highly 
impervious and is so thin a layer as to 
be invisible, but nevertheless ad- 
equately and immediately protects the 
underlying metal against fu^er attack 

The table also shows very roughly 
the relative corrosion resistance of the 
metals to chemicals m general. How- 
ever, it could never be used with safety 
for predicting their relative resistance 
to a specific corrodmg solution, say 
sulfunc acid or sodium hydroxide or 
salt water. Only, tests — ^usually full- 
swe service performance tests — ^will 
show that accurately 

''GALVANIC' CORROSION— An impor- 
tant practical use of the table by cor- 
rosion engmeers is to determme wheth- 
er “galvanic” corrosion is likely to 
occur in a given design and how to 
avoid it. Galvanic corrosion is the 
corrosion of one metal in contact with 
a second in an environment which the 
first metal alone (that is, not m con- 
tact with the second metal) would 
normally resist. For example, an alu- 
minum shaft for the mixing paddle in 
a tomato juice vat might operate with- 
out noticeable corrosion if the paddle 
blades also were aluminum If the 
blades were made of bronze, however, 
the aluminum shaft might be seriously 
corroded 

Each of the metals listed in the right- 
hand column of the table will tend to 
accelerate the corrosion of any metal 
above it when the two are placed m 
contact in a corroding solution, while 
the lower-placed metal will be rel- 
atively unaffected— actually protected 
sacrificially Metals grouped together 
in the table have no important gal- 
vanic effect on each other and may be 
coupled or allowed to come in contact 
in a product-assembly without trouble, 
but other in-contact combinations (ex<^ 
cept where one metal completely seals 
the other from exposure to the en- 
vironment) are studiously avoided by 
the careful corrosion engineer. 

This and other knowledge about 
metals has been applied to improving 
the resistance of materials to corrosion in 
three broad ways: (a) developing and 
utilizing new alloys possessing special 
resistance to atmospheric or chemical 
attack; (b) formulating and applying 
protective coatings, either metallic or 
j non-metallic, to shield the vulnerable 
metal from destruction; and (c) con- 
trolling the service conditions— either 
the iteudgn of the corrodible equipment 
or the character of the corroding 
mediiim—of individual situations. 

For example^ in the Brst of the broad 
corrosion-problem fielda— atmo^henc 
corrosion-^e basic problem of the rust- 
ing of iron and steel has tra<fftionally 


The Electromotive Force 
Series of Metols 


Frocticolizsd Version 

Anodic or Corroding End 
I Mognosium 
Mognotium Alloys 


Thsorsticol Listing 

Lithium 
Rubidium 
Fotossium 
Strontium 
Barium 
Calcium 
Sodium 
Mognesium 
Aluminum 
Beryllium 
Uranium 
Monganese 
Zinc 

Chromium 

Gallium 

Iron (ferrous) 

Codmium 

Indium 

Thallium 

Cobalt 

Nickel 

Tin 

Lead 

Iron (ferric) 
Antimony 
Bismuth 
Arsenic 

Copper (cupric) 

Folonium (18** C) 

Copper (cuprous) 

Tellurium 

Silver 

Mercury 

Leod 

Follodium 

Flotinum 


Zinc 

Fure Aluminum (2S) 
Codmium 

Aluminum Alloy 
(17ST) 

Steel or Iron 
Cost Iron 

Chromium- Iron 
(active) 

Stoinless Steel, 18-8 
(octive) 

Leod-Tin Solders 

Lead 

Tin 

Nickel (active) 
Nickel-Chromium 
Alloy (active) 

Brosses 

Copper 

Bronzes 

Copper- Nickel Alloys 
Monel Metal 

Silver Brozing Alloys 

Nickel (passive) 
Nickel-Chromium 
Alloy (passive) 

Chromium-lron 

(possive) 

Stainless steel, 18-8 
(passive) 

Silver 

Graphite 

Gold 

Plotinum 


Cathodic or Noble End 


been solved with varying degrees of 
success by painting, vitreous enamel- 
ing, galvanizing, tinnmg, chromium- 
plating, and so on, all representative of 
protection by the application of coat- 
ings The iron is also alloyed with 
chromium or nickel or both to pro- 
duce alloy steels with considerably 
better rust resistance than ordmary 
steels, and to produce stainless steels 
which, although not really “stain- 
less”, are virtually “rustless” or non- 
rusting under usual conditions. 

Painting, the most-used method of 
protecting metals against atmospheric 
corrosion, has been radically improved 
m effectiveness in recent years. Better 
primers and especially “inhibiting” 
primers that protect the metal chemi- 
cally as well as physically have been 
dev^oped. 

New resin lacquers provide protec- 
tion and flexibility once difficult of 
attainment simultaneously Used on 
tinplate closures and food containers 
du^g the war, these fining have 
demonstrated post-war possibilities in 
fabricating metal parts from pre-coated 
sheet metal. The successful use of 
baked resin coatings on ihe inside of 
steel pipes and tubing for heat ex- 
changers and low-pressure boilers has 


also opened up new fields to these 
highly corrosion-resistant coating*. 

Metallic coatings, too, are Mitering 
what promiseat to be a new era of use- 
fulness. Lead alloy coatings developed 
during the war are harder, more fa- 
tigue- and creep-resistant, and more 
corrosion-resistant than earlier lead 
coatings. The electrolytic tm plating 
process, developed to save critical tin, 
has shown that thinner tin coatings of 
adequate protectiveness can be ad- 
vantageously used for many products, 
especially when treated with a new 
filming agent that inhibits the rust- 
ing of the tinned material 

Zinc coatings have made remarkable 
progress — new chemical treatments for 
zinc-coated steel have improved the 
utility that material, whfie the ex- 
pansion in use of continuous electroly- 
tic lines for depositing high-puiity 
zinc at high speeds on steel sheet offers 
many possibilities for pre-plakd 
metals in the post-war period, with 
some interest being shown in the pos- 
sible use of zinc coated steel for auto- 
mobile body stock 

COATED STEEL — A recently developed 
flat-rolled corrosion-resistant product 
of considerable mterest for the future 
IS hot-dipx>ed aluminum-coated sheet 
and stnp steel, which combmes the 
corrosion-resistant characteristics and 
surface-appearance of alummum with 
the strength of steel New virtreous- 
enamelmg steels and enamels have 
also been introduced that permit the 
production of white or colored one- 
coat (no ground coat necessary) 
fimshes direct to the base metal that 
are equal in protectiveness and ap- 
pearance to former multi-coat wares 
and which last longer because of the 
reduced chipping of the thinner coat 

Sea-water corrosion problems, es- 
pecially prominent in wartime, have 
stimulated metal-protection develop- 
ments of far-reaching importance The 
most spectacular have been in the 
rust-proofing and packaging of steel 
war products to assure their arrival 
at the point of combat use free from 
rust and other damage Rustproofing 
treatments ranging from improved 
slushmg oils all the way to highly 
engineered chemically applied rust- 
inhibitmg black coatings have been 
successfully developed for tmy parts 

One outstanding new development 
in this field is the plastics-dip-coating, 
applied by dipping the cleaned part 
m a hot ethyl-cellulose mixture and 
removing The film dries immediately 
to give a continous, tight-flttmg, per- 
fect-seal wrappmg for the part. For 
larger parts, loose-fitting film bags, 
containing a desiccant like silica gel, 
are widely used. 

Sea-water corrosion has always been 
one of our toughest engineering prob- 
lems Copper alloys as a class have given 
the best service, with such materials as 
manganese-bronze, alummum-bronze, 
the silicon-bronzes, admiralty metal, the 
cupro-nickels, and aluminum-brass 
outstanding performers in ^this group 
Nickel and its alloys have also been 
highly useful in sea-water or sea-air 
applicatioins. A seldom-appreciated 
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but highly important property of 
modem gray cast irons is their super** 
latlve resistance to sea-water cor- 
rosion, a characteristic that has led to 
their application for marine propellers' 
and similar Jobs. 


ALLOYING AGAINST CORROSION-^It is m 
the mdustrial-corrosion field, of course, 
that the greatest diversi^ation of 
problems and materials exists. Here 
the problems are more likely to be 
solved by alloying rather than by 
surface coating, for first cost is usually 
less important in industrial equipment 
than it is in finished consumer prod- 
ucts There has, however, been a trend 
to the use of clad metals (especially 
steel clad with stainless steel or nickel 
or nickel alloys or copper alloys) , which 
combme a highly corrosion resistant 
but expensive thm surface layer with 
a cheap underlying material 
Among the newer alloys or applica- 
tions of outstanding interest in the so- 
lution of industrial equipment corro- 
sion problems are the cobalt-chrom- 
ium-tungsten and the nickel-base 
molybdenum alloys While these are 
more expensive and not as workable 
as less corrosion-resistant materials, 
they have found increasmg use, never- 
theless, because of their resistance to 
most chemicals and to high- tempera- 
ture oxidation Other innovations 
include bearings made by heavily 
plating silver on a steel back, then 
plating lead and indium over the 
silver, and finally diffusing the m- 
dium into the lead Treated in this 
fashion the bearings have excellent 
resistance to lubricant corrosion and 
good bearing quahties in general An- 
other development is that of new 
aluminum alloys containing zinc and 
magnesium whose generic tendency 
toward stress-corrosion cracking has 
been reduced to such an extent as to 
permit full utilization of their ex- 
cellent mechanical properties Spe- 
cially-treated (stabilized) stainless 
steels containing titanium or colum- 
bium are also widely used in the 
struggle against corrosion These are 
only a few of mdustry's nght-hand 



Oourteir Republic Steel Obtnpany 
Straight-line pKkIing ond normol- 
fzlng equipment for wide stoinleu 
steel strip wos constructed to meet 
the expanding demond for this metal 



Courtesy Dow Chemical Company 

When dry, the hot plostics in which 
this metol port hos just been dipped 
will leove o tight-firtmg corro> 
sion- proof, ond protective wropping 

men wherever resistance to corrosion, 
scalmg, or mechanical failure, alone 
or together, are involved 
In the construction of their equip- 
ment, the chemical process industries 
have done remarkable things with 
alummum alloys, copper alloys, and 
the noble metals like silver and plati- 
num Tantalum has found new promi- 
nence in the process-industry equip- 


ment field because of its unususl re- 
sistance to acid attack. Stainlem ste^ 
containing molybdenum do yeoman 
duty in petroleum processing equip- 
ment Glass lined vessels and pipi^ 
become ever more numerous as their 
almost universal corrosion reslstanoe 
is increasingly recognized The clad 
steels previoiisly mentioned are be- 
coming standard equipment for heavy 
chemical equipment, die linings being 
applied either to fabricated vessels by 
spot welding, plug welding, or strip 
lining, or m multi-layer construction 

Attention to the service factors sur- 
rounding individual corrosion problems 
has also been successful Dein^ers of 
salt-water condensers limit the water 
velocities to suit the materials us^. 
Knowledge of galvanic corrosion fun- 
damentals leads to the use of valve 
trim materials (like Monel) more noble 
than valve bodies (bronze) so that the 
vital working parts will be protected 
without serious harm to the bodies 
Cathodic protection, too, is being util- 
ized on a more scientific basis than 
ever before 

The story of corrosion and how it its 
being licked is an outstanding example 
of scientific co-operation, for the pooled 
knowledge and effort of the chemical 
engineer and the metallurgiced engi- 
neer have brought us farther in the 
last 20 years of our battle against this 
worst ravager of man’s handiwork 
than we had gone in all previous cen- 
turies of history 


MAGNESIUM ALLOYS 

Have Greater Toughness^ 

Higher Yield Strengths 

Recently announced by Dow Chemi- 
cal Company is a new sheet magnesium 
alloy, having 5 percent aluminum and 
1 percent zinc, designated as Dowmetal 
251X This alloy retains the strength 
and weldability of the previous 6 5 
percent aluminum, 1 percent zinc alloy, 
and has greater ductility and tough- 
ness 

Another mteresting development is 
a heat treating practice for extruded 
magnesium alloys of the 8 percent 
aluminum, 05 percent zinc type which 
gives higher yield strengths, especially 
in compression, than have been previ- 
ously available Originally developed 
as an experimental alloy for all mag- 
nesium aircraft primary structures, this 
material is now commercially available 
with minimum yield strengths of 30,- 
000 pounds per square inch in both 
tension and compression 

THREAD GAGES 

Made of Cast Iron'to 

Provide Notable Savings 

C^NE of the war’s worst production 
bottlenecks has been the supply of 
steel gages for dimensional inspection 
Some manufacturers have solved the 
problem by using specially processed 
high-stren^ oast iron for thread 
gages, with notc^le savings in produc- 


tion time, operating costs, labor, and 
critical material 

In the conventional plug thread gage 
the handle and gaging member are 
manufactured separately The cast Iron 
(actually Meehanite iron) gage is a 
one-piece unit, with the handle and 
gage cast integral Engineers who have 
adopted the practice of making these 
gages of cast iron report considerable 
savmgs m cost because of cast iron’s 
better machining properties and lower 
material cost than those of tool steel 
and because the cast gages have about 
25 percent longer life in 5iis application 

NICKEL ALLOYS 

Represent Advance in 

Heat’Treatable Metals 

SIGNIFICANT matenals-exigineering 
development of recent years has been 
the growmg mterest in and use of 
heat- treatable nonferrous alloys such 
as beryllium-copper and “Z-nlckel” 
for springs and similar applications In- 
formation on the composition and gen- 
eral age-hardemng behavior of the 
nickel-base alloys has Ju^ been re- 
leased by W. J Kroll. 

Nickel is made hardenable by simul- 
taneous additions of magnesium and 
carbon, a maximum harness of 405 
Brinell being reported for an alloy 
of 0.6 percent magnesiiun and 0.4 per- 
cent cai^n. Higher hardnesses are 
available in heat-treated nickel-beryl- 
lium alloys, but fiie costs are not so 
favorable. 
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RAILROAD TRANSPORTATION Conducted by C. B. PECK 


Chemicals On Rails 


Exponsion of Mony Chotnicol Industries Has Been Mode Possible Only 
by Co-Operotive Measures Taken to Reduce the Hozards of Bulk Ship- 
ments of Explosive, Flammoble, end Other Dangerous Moteriols. In- 
tensive Research Has Resulted in Sofe Methods of Shipping by Roil 


A rrai World War I the chemical in- 
dustries entered a period of 
rapid expansion, both as to vol- 
ume end variety of products The 
multiplication of j^lastics materials dur- 
ing recent ye^ has captured the 
popular imagin^lpn In this expansion 
railway transporUtion has played a 
special part which has brought it into 
particularly close relationship with 
many chemical industries This special 
relationship has two aspects— the work 
of the Bimau of E3q;>losives and the 
development of special types of tank 
can which have stepped up the trans- 
portation of many chemicals from car- 
boy lots of a few gallons each to car- 
load lots of thousands of gallons each. 

The first steps in this transportation 
progress were taken when a movement 
was begun through the American 


impact tests to measure the forces of 
coupling and train-operating shocks 
and to relate these to the strength re- 
quired in containers for the trans- 
portation of all kinds of dangerous 
articles 

In carrying out this function it has 
tested many types of contamers to de- 
struction and has developed complete 
specifications for a variety of steel 
cylinders, steel barrels with and with- 
out linings of lead, aluminum, or rub- 
ber, wooden barrels and kegs, metal 
kegs; fiberboard boxes; wooden boxes, 
nailed and wirebound, glued plywood 
boxes, wooden, plywood, and fiber- 
board drums, rubier, steel, and alu- 
mmum drums; mailing tubes; carboys; 
paper and clo^ bags. 

The Bureau early won the confidence 
of the manufacturers of dangerous 


tank and of the car as a vehicle These 
were approved by the American Rail- 
way Association. They included the 
dedgn of safety valves for use on cars 
loaded with petroleum products, am- 
monia, gas liquor, and turpentine 
These were constructed so that one or 
two valves, depending upon the ca- 
pacity of the tank, provided sufficient 
venting capacity to prevent a dan- 
gerous rise of pressure should the 
tanks be subject^ to th^ direct heat 
of flames in fires connects with train 
wrecks. 

Since that time, experience — ^Includ- 
ing a number of disasters resulting 
from mishandling of highly volatile 
flammable products— also investigation 
and much testing, have led to modifi- 
cations and additions to the first simple 
specifications so that highly volatile 
flammable liquids and compressed 
gases, both flammable and corrosive, 
are ^ing handled in large quantities 
with a high safety record, proving the 
value of the work. 

TAILOR-MADE TANK CARS-^mce the 
beginning of organized effort to de- 
velop the tank car, the list of mate- 
rials moving in these specialized cars 
has expanded tremendously. While 
many of these materials have been ar- 
ticles of commerce for a long time, 
their utibty was greatly limited by 
the inability to transport them In ccm- 
tainers of more than a few gallons 
each. 

The development of high-pressure 
cars is one factor in this widespread 
release of chemicals from the limi- 
tations of the carboy. Another impor- 
tant factor has been the development 
of tanks of special materials^ and steel 
tanks with linings of mateirials suit- 
able to protect these chemicals from 
contamination and to resist the de- 
structive action of corrosive materials. 
A few illustrations will make dear 
how the devdopment of suitable tank 
cars has changed the commercial char- 
acter of many materials by making 
bulk shipments possible. 

Until 1914 the production of chlorine 
was a very limited enten>rise and the 
gas was txsmsported in small cylinders 
When hi^-pressure ta:^ cars becmne 
available, 16 tons of ddorine could be 
dtipped in a sinde container. Hun- 



An oH-oluminum welded tenk cor designed for tronsportins peroxide 


Railway Association for the develop- 
ment of a uniform code of rules to be 
observed by all member roads. Such 
a code was formulated and adopted 
and the Job of enforcing it was en- 
trusted to a Bureau lor the Safe 
Tranaportation of Explosives and Other 
pangerous Articles created under tiie 
ausi^eM of the Association. 

The function of this organization, 
commonly called the Bureau of Ex- 
ploaives, has been far more than that 
et a policeman enforcing a code of 
rulesu The Bureau has become expert 
on $31 eoDditkam sSecting safe trans- 
portatlcii of aU dangerous articles. One 
of Its earliest activities was a series of 


articles The Industries have co-op- 
erated with the bureau in its investiga- 
tions, in its own chemical laboratory, 
of characteristics of many mate- 
rials. These investigations have bpoug^t 
to li^t instances where in>provement 
in u^ormity of certain characteristics 
as well as changes in quality have 
broui^t hazards under control. 

SAFE BULK SHIPMENTS— The first con- 
certed effort to bring the hazards of 
tranigiorting dangerous articles in tank 
cars under control was made in 1963 
when tiie Master Car Builders’ Asso- 
ciation recommended simple specffica«» 
tions lor improved construction df the 
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St* *“• wnployed In 

thli auyice. Som* of tii* nowar ones 
chlorine In « ringif 
load. Thte powerful oxidizer Is used in 
l«^e quantities as e bleaching agent, 

ESS2"" ^ 

Anhydrous enunwiia is another com- 
***^T*!? formerly limited to trans* 
It now moves 
in high-pressure tank cars, 2$ tons to 

the container. Its price per pound in 
tank-car lots is about one sixth of its 
former price in cylinder lots It was 


have paid for themselves in about 14 
round trips. 

When ^thetic glacial acetic acid 
reached production on a commercial 
stage* the rapid growth of the rayon 
industry called for increasing amounts 
of this material. Teats indicated that it 
could be tranq;>orted in tanks made of 
certain aluminum alloys* (As a matter 
of fact, the first aluminum tank car 
was built expresdy for this type of 
transportation.) In developing this car 
considerable esqiierimentation was 
necessary before ^ere was reasonable 



this type ore ttrons enough to withstond got presturet up to 450 pounds per tquore inch 


formerly ustd for little else than a re- 
frigerant, at its present price it has 
become a practicable constituent of 
fertilizers. 

Ihe helium tank oar is an extreme 
example of what can be done in the 
transportation of compressed gases. The 
considerations which led to ^e devel- 
opment of this car were set forth in a 
paper by R. C Pierce, vice president, 
Oeneral American Tank Car Corpora- 
tion* presented before the American 
Society of Mechanical Engmeers, from 
which the following la extracted 
*Tiarge quantities of high-pressure 
gases naturally present problems of 
safety. . . Several years’ study of this 
problem resulted in the construction 
of a multi-tank type of helium cars 
A long* 8mall<^dismeter tank with a 
comparatively thin wall . . made 
heat-treatment easier. , The great- 
est design problem was in the anchor- 
age of die tanks. The tank stresses, 
due to their weight and the internal 
pressure of the gas* could be readily 
calculated. It would be quite impos- 
sible to calculate the stresses which 
the tanks might receive if they were 
subjected to forces caused by the 
twisting of the car structure. . 

The imposition on the tanks of 
stresses caused by the motion of the 
car structure was prevented* he said, 
supporting each end of each tank 
in a bi^Uihea^ alternate layers being 
anchored at each end of the car. The 
anchoring of each tank against longi- 
tudinal motion was accomplished at one 
end* the opposite end of file tank be- 
ing permitt^ to slide back and forth 
with reasonable freedom in the op- 
posite bulkhaed.” 

Eadi tank is tested at 2750 pounds 
per square inch. The empty weight of 
the car is a little more than 100 tons. 
Desi^te file foot that the payload Is 
only one ton* these ears axe said to 


assurance that it would meet the re- 
quirements of railway operating condi- 
tions A number of aluminum cars have 
since been built for this service 

Everyone is familfar with hydrogen 
peroxide as a household antiseptic and 
bleach. In its drug-store form it is a 
very dilute solution In concentrated 
form, however* it is a dangerously ac- 
tive oxidizing agent Its transportation 
was formerly limited to carboys of 13 
gallons each. In 1931 a 4000-gallon 
alununum tank car was built to meet 
the demand for the movement of hy- 
drogen peroxide In large quantities to 
be used as a bleachmg agent in the tex- 
tile industiy. 

In buildixig this car special care had 
to be exercised in the choice of mate- 
rial The aluminum alloys had to be 
low in manganese* iron* and titanium. 
But such an alloy was of low strength 
To develop adequate strength it was 
necessary to fabricate the tank parts 


and then heat-treat them before as- 
sembly. The tank rivets had to be 
heated in temperature-controlled elec- 
tric furnaces and driven quickly with- 
in a prescribed temperature range. 

^umlnum cars constructed for trans- 
porting peroxide illustrate how a need 
in one branch of industry infiuenoea 
developments in other industries. To 
satisfy the desire of a chemical in- 
dustry to expand the market for its 
product, a satisfactory aluminum alloy 
had to be found and the tank-car 
builder had to develop a special tech- 
nique of construction. 

NICKEL'CLAD STEEL— Another instance 
of this kind of inter-industry co-op- 
erative effort was the solution of the 
problem of producing nickel-clad steel 
plates so that steel tank cars could be 
built with integral nickel linings. The 
pressure in this case came from a de- 
sire to transport phenol and caustic 
soda in large quantities protected 
from contamination. The movement of 
phenol and a growing list of other 
chemicals in large qu'^ntities* free from 
iron contamination, \ \a one essential 
in the growth of the pidstics industries. 

The production of nickel-clad steel 
involved a problem of rolling-mill 
technique* in the solution of which 
the car builder and the metal producer 
co-operated In the end it was solved 
and in the finished sheet the nickel, 
varying from 10 to 20 percent of the 
combined thickness of the two metals, 
is completely welded to the steel 
Highly concentrated sulfuric acid 
for most commercial purposes can be 
shipped in steel tank cars In thb state 
its action on the metal is too slow to 
constitute a serious corrosion problem 
and the iron contamination is not detri- 
mental to the commercial use of the 
acid. In a less concentrated form, sul- 
furic acid is used m storage batteries 
Acids shipped for this purpose must 
be protected from iron contamination, 
and this requires a lead-lmed tank 

OTHER LININGS — For the protection of 
the car and the prevention of con- 
tamination by muriatic and phosphoric 
acids, rubber linings are applied to the 
interiors of steel tanks. This lining 



Stmaloflag a wreck fire end its effect on a 
roJNoUt inforinotion on soft methods of 


minioHire cor tonk. From such tests comes 
tronsporting dongeroes compressed goses 
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18 also used for the shipment of for- 
maldehyde. Cars with inner tanks of 
stainless steel are hauhng nitric acid, 
acetic acid, acetic anhydride, butyl 
acetate, butyl aldehyde, formaldehyde, 
acetaldehyde, and butyric acid. 

A number of baked-on varnish lin- 
ings are in use for the transportation 
of caustic soda They are short lived, 
however, and not altogether reliable, 
and nickel-clad tanks are being used in 
this service 

Neither the sprayed-on metal lin- 
ings of tin, zmc, or aluminum, nor glass 
linings are important factors in the 
chemical industry. Because of their 
porous nature the sprayed metal lin- 
ings do not completely seal off the steel 
from the contents, but do so suffi- 
ciently to protect wines and syrups 
Glass-lined cars are more generally 
used for milk and beverages than for 
chemical products 

A good indication of the close re- 
lation of the chemical industries to the 
agencies that develop and operate tank 
cars IS the fact that the Manufactur- 
ing Chemists* Association has a tank- 
car committee of its own Thus there 
are, working together in the solution 
of the special problems Involved in giv- 
ing new chemicals an opportunity to 
serve the American people on a vast 
scale, the Government, represented by 
the Interstate Commerce Commission, 


• • 

FREIGHT CARS 

Superstructures Built of 
High-Strength Alloy 

F IRST orders for aluminum box cars, 
now being turned out from the plant 
of the Mt Vernon Car Manufacturing 
Company, consist of ten cars each for 
the Alton, the Rock Island, and the 
Minneapolis & St Louis The super- 
structure material is the same high- 



Apporotus used by the Bureau of Ex- 
plosives for testing compressed gos 
cylinders A woter locket is used 
to permit occurote meosurement of 
volumetric exponsion under pressure 

the railroads, represented by the Tank 
Car Committee of the Mechanical Di- 
vision, Association of American Rail- 
roads, and the Bureau of Explosives, 
the builders of tank cars, and the pro- 
ducers of materials which are inert to 
the various active chemical agents now 
regular articles of commerce 


strength alummum alloy employed in 
the B-29 Superfortresses It was fur- 
nished by Reynolds Metal Company 
who also designed the cars 
The entire car-body structure, in- 
cluding the frame members, the side 
sheathing, corrugated ends, and roof, 
are fabricated of the aluminum mate- 
rial The center sills and other under- 
frame parts, however, are all-steel and 
the underfrarae is built like that of a 
standard steel box car Five of the 


Rock Island cars are fitted with Tim- 
kin roller bearing. The car body has 
standard inside dimensions. 

The cars weight about 4% tons less 
than would a standard all-steel car 
of the same dimensions. 

DIESEL LOCOMOTIVES 

Pile Up High Mileages 

Between Overhauls 

Between August, 1940, and September, 
1944, Diesel-electric locomotive Num- 
ber 9-M-lA of the Union Pacific Rail- 
road, one of six assigned to its Kansas- 
Clty-Denver run, completed more than 
1,049,000 miles without a major over- 
haul. At present it is not intended to 
shop this locomotive until some time 
in 1945 Diesel locomotives on the 
“City of Denver** of the Union Pacific 
Railroad and the Chicago & North 
Western Railway have traveled more 
than 3,000,000 miles each in eight years 
without shopping for general repairs 

Modem steam locomotives require 
shopping after 200,000 to 275,000 miles, 
at which time the machinery is torn 
down, repaired and reassembled, and 
the boiler tubes removed, cleaned, and 
reset 

MODERNIZATION 

Reflects 30 Years of 

Locomotive Progress 

T KN Pacific type passenger locomo- 
tives (a four-wheel leading truck, six 
driving wheels, and a two-wheel trail- 
ing truck) on the Alton were built 30 
year ago to handle regular trains of 
seven cars on a schedule of eight hours 
for the 282-mile run between St Louis 
and Chicago Six years ago these loco- 
motives were improved by adding five 
feet to the length of the tender and 
thus increasmg its capacity. 

The locomotives were also equipped 
with stokers and improved grates, 
thereby relieving them of the limita- 
tion of the human ffireman and improv- 
mg combustion The boiler pressure 
was raised from 200 to 220 pounds per 
square mch The regular tram was 
then increased to 11 cars, and the 
schedule reduced from ei^t to 6% 
hours 

In 1941, because a railroad was not 
then permitted to purchase new pas- 
senger power, the Alton decided to 
meet its urgent need for added power 
to handle heavier passenger trains by 
further improving the old Pacific type 
locomotives. This time feedwater 
heaters were added, the fireboxes were 
rebuilt to include Thermic syphons, 
new superheaters were mstalled, and 
an automatic device was provided to 
prevent boiler foaming *rhe feedwater 
heater increases the locomotive ca- 
pacity and efficiency by reclaiming 
from 10 to 13 percent of the heat and 
saving nearly the same percentage of 
water, thxis in effect increasing the ten- 
der capacity. 

The modernized locomotives, al- 
though by no means aB good as com- 
pletely modem new locomotives, now 
handle 14 cars on a 5-hour, 50-minute 
schedule. 



Alumieuiii olley in tbit freight cor body itructiire leves 4Vh tons 
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ENGINEERING Conducted by EDWIN LAIRD CADY 


Minimum 


I HE chemical age is bnngmg a brand 
” new era to the electric motor. Mo- 
tors are now being made so they can 
be put almost anywhere, without re- 
gard for explosive dusts, flammable 
fumes, lint, abrasives, and other ancient 
enemies. Oil can drip on them, water 
from a hose can be squirted full blast 
on them— they take all sorts of abuses 
which a few short years ago would 
have been positive causes of shut- 
downs. And even more important, every 
time a motor becomes master of one of 
its ancient enemies the maintenance 
cost of keeping that motor running 
IS reduced accordmgly, and the motor 
can be tised with greater profit. 

Such improvements can have only 
one result. More motors will be used 
in factories, homes, mines, on farms — 
everywhere And there is room for 
more The Electrical Manufacturers 
Public Information Service tells us that 
only 200 million electric motors are m 
dally service in the United States 
This is less than one and a half motors 
for each member of the population 
With better protected motors Aat give 



less trouble and need less care there 
will be plenty times that 

number 

To any old-timer the present trend 
amounts to a revolution. He saw a 
few ^explosion-proof’ motors being 
developed mmt 25 years ago for use 
in minee— motors had to be as sals as 


Maintenance Motors 


With Now Markets in Sight, Electric Motor Manufacturers aro Bring- 
ing Out New Motors Thot are Proof Against Prdctically All Industrial 
Hazards. They Will Operate Under Formerly Impossible Conditions ond 
Will Giro Better Service With Less Servicing ond Greater Profit 


the miner’s safety lamp if they were 
to be used where explosive gases might 
accumulate Most of these motors de- 
pended upon labyrinth seals at their 
ends to keep explosions of gases within 
the motors from getting out and igmt- 
ing gases outside them (Flame refuses 
to turn the many comers of a laby- 
rmth ) 

But most of these motors failed to be 
explosion-proof and few would meet 
modem safety rules There also were 
small enclos^ motors for automobile 
starters, vacuum cleaners, and the like, 
but these were not expected to deliver 
much power nor to run steadily for 
long periods So the old time electrician 
treated his ordinary motors like fine 
watches, keeping them out of the way 
of dusts and oil fogs and even moisture 
fogs, cleaning them out carefully at 
regular intervals, and hopmg for the 
best 

In the chemical industry such treat- 
ment of motors was nearly impossible 
A few motors could be mounted far 
from any dangerous dusts and fumes 
and their power transmitted to the 
point of work by shafts, belts, chains, 
and the like A f^w more could be put 
in especially air conditioned rooms close 
to the dangerous materials — a practice 
still in use for extra-hazardous places 
— but these also had to be hnked by 
power-transmission sequences to the 
work pomts where the power was 
needed. 

VERSATILE MOTORS— What the indus- 
try wanted was motors that could be 
put anywhere, loft alone with very lit- 
tle attention, walled of! where nobody 
could see them, turned on and off or 
changed in speed by automatic con- 
trols. Some of these motors would have 
to be specially constructed. No one yet 
has dteamed gp a single type which 
will take every punishment or meet 
every hazard a chemical plant is likely 
to give it. Yet trouble-proof motors 
had to be built if the chemical industry 
was to develop. 

Other Industries were glad to get 
those motors too. The fume-proof mo- 
tor was welcome at the oil refinery, the 
dust-explosion-proof one at the flour 
milL Machine shops, wood-working 


plants, laundries, mines, every indus- 
trial user of motors wanted the new 
kinds The trickle of specially protected 
types of motors coming on to the mar- 
ket grew mto a deluge 
The most common improvement is 
to make the motor drip-proof or splash- 
proof Most factories want to mount 
motors on the floors or to have them 



Serving o pump, this fan-cooled motor 
IS totally enclosed for sofety's soke 


underneath conveyors or the working 
levels of machines There are many 
reasons for this. First of all, the floor 
nearly always is strong and rigid 
enough to hold the motor in place and 
m alinement while an overhead mount- 
ing may require special bracing 

The easiest connection between the 
motor and the device it is to drive may 
be at floor level or below the work 
level of the machine. In the old days 
of overhead driving shafts and long 
belts the driven pulley on the machine 
often was close to the floor level and 
this same spot is where it is easiest to 
attach the motor. 

Another point is that overhead space 
is becoming more and more valuable 
Controls are located there as well as 
materials handling equipment light- 
ing comes mostly from the ceiling; the 
motor must not be in its way. ^ . 

Drip- and splash-proof* motors still 
depend largdy upon air being sucked 
through them to keep them cool. They 
are so designed, however, that oil, wa- 
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ter, diist, or small objects falling upon 
them will not get Into their internal 
parts. 

One recent type has only its upper 
hall enclosed, the bottom being open 
for ventilation. The ventilation Is by 
fan which blows the incoming cool air 
up inside the casing to di^lace the 
warmed air which naturally rises in- 
side the idiell. Bearings, windings, mag- 
netic core, and frame all are cooled by 
the fan. 

Another has protected air inlets and 
exhausts with cross-flow ventilation. 
A protected top model has air drawn 
in from the bottom at both ends and 
exhausted from the sides. There is a 
fully enclosed job with rotor fan and 
condcal baffles While most splash- and 
drip-proof motors are of special di- 
mensions, which seem to be made 
necessary by their protective shields, 
several models are being made to stand- 
ard dunensions 

SPECIAL HAZARDS — ^Totally or partiaUy 
enclosed motors protected agamst spe- 
cial hazards are being designed. One 
typo is used in cotton mills or anywhere 
that lint is a problem lint has a way 
of gathering in hidden places, drying 
out, absorbing any oil which the air or 
any solid material brings to it (and oil 
win travel as fog or will seep to every 
part of a factory) and then catching 
Are. Textile mills have literally thous- 
ands of small unreported flres from this 
cause But these motors do not hold 
lint; it simply falls or is blown clear 

Other t 3 rpe 8 are specially designed 
for machine tools* It took years of slow 
development to work these out As 
motor makers found out more and 
more about what to do, machine-tool 
makers put their motors closer and 
closer to where cutting oils might 
splash or steel chips and abrasive par- 
ticles might fly Now one machine that 
makes airplane engine cylinder heads 
has 80 electric motors and 15 miles 
of electric wiring to power and con- 
trol its automatic motions — and this 
IS not an unusually complicated ma- 
chine tool. 

Vertical motors (their shafts are 
vertical instead of horizontal) have 
been made drip- and splash-proof 
In these the top ends may be totally 
closed The old difliculty that lubricant 
put in the upper bearmg would nm 
down into the electrical parts, while 


it was almost impossible to oil the 
bottom bearing at all, has been solved 
by cartoridge-type ball bearings in 
whidi the lubricant is sealed for the 
life of the bearing so that the motors 
never will need oiling or greasing With 
such bearings, totally enclosed motors 
can be made to run in any position 
—horizontal, vertical, or at any angle* 

Drip and splarii problems are com- 
mon enough, but explosion hazards 
are increasing too. Highly accurate 
machining, for example, is likely to 
produce metal dusts or chips so fine 
that they can act like dusts. And 
nearly any metallic dusts are explosive 
if mixed wiih air and ignited. Mag- 
nesium, bronze, and aluminum dusts 
are especially explosive, and the use 
of those metals is increasing. 

Explosive and flammable gases exist 
not only in mines and chemical plants 
and oil refineries, but to ever increas- 
ing extents in lactones of all kinds. 
Solvent fumes from the thousands of 
cleaning, lacquering, and stnpping 
operations which are becoming so com- 
mon, can accumulate rapidly in spaces 
near where the solvents are being used 
Many a motor has to work right in the 
fumes Natural and manufactured 
gases can leak; oils at any process can 
suffer fractional distillation and give 
off flammable fumes 

Present also am those organic dusts 
which have been blowing in grist mills, 
breweries, and coal screening rooms 
for generations. But for every one of 
these hazards the motor manufacturers 
either have the answer or are busily 
working it out, 

STANDARDS— Their first step was to 
work with the National Board of Fire 
Underwriters, the American Standards 
Association, and others, to get a Na- 
tional Electric Code which covers all 
electrical practices for hazardous loca- 
tions. This was done in 1940 and it 
has been amended since, but it poses 
some tough problems which have not 
been licked yet; or at least no solutions 
of them have been made public. 

Acetylene gas is one unbeaten 
hazard. It stands all alone in Group 
A of Class 1 in the tables Some of 
the other ones, especially those foxmd 
m powder mills, are still on the re- 
calcitrant list. 

The code divides hazards into four 
classifications in accordance with how 


hard it is to keep the materials out 
of the motors, then lets the motor 
makers design their madiines accord- 
ingly. 

Gases constitute Class 1. The code 
assumes that they cannot be kept out 
of the motors and the motor control 
equipment; therefore all such equlp- 



Weother-proof end tptodi*proof, fhete 

motori can do their job out-of-doon 

ment must stand up against internal 
explosions. This means that parts must 
be heavy. It helps to make the motor 
with inside clearances so small that 
very little gas can get in to explode 
at any one time. 

Class 2 includes dusts. Dusts can be 
kept out of electrical equipment but 
might go off with more force than 
dynamite if there was electrical arcing 
outside of the machine. Class 8 covers 
lints, easier than dusts to keep out of 
the motors but hazardous because they 
fly about in the air and are likely to 
gather in dangerous places. Class 4 is 
for fibers which are in storage and not 
likely to be carried in air currents. 

The motor designer does not have 
to work something out to handle every 
problem in Class 1 or in Class 2. He 
can pick a hard one or an easy one, 
or he can aim at something for which 
he knows he has a market To let him 
do this there are a number of sub- 
classifications. 

Class 1 has (A) acetylene, (B) hy- 
drogen and manufactured gas, (C) 
ethyl ether vapor, and (D) gasoline. 



Here a deep weN panp it eperoled by a vertk^ bellow* Coupled to o geor reducer for o paper milt drive, tbit t5« 

•baft motor, weotber*proofed for pemioaent ute^ outdoors boriepower, direct-correet motor is completely encloeed 
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THE YEAR THE TIDE TURNED... 


1944 was the yoor of graofasf 
advance In Invention^ Bclence and 
Industrial production In world 
history. Here Is a part of that rec^ 
ord as written by Westlnghouse. 



In tbs ntW fM4 of (st innpultion for the Navy Bureau of 
Aeronautics, we developed the first completely American jet 
propulsion engine, which promises to produce more power, for 
Its weight, than any of the European-designed engines now 
being built in this country 



Aboard aircroft corrion . • new Westinghousc-designed eleva- 
tors are in action We found a way to get carrier planes to and 
from the flight deck faster, keeping it clear for flying opera- 
tions A development that has proved very important in 
getting more planes m the air quicker. 



We stoyod on our (obs, 115,000 strong • • • no major strike 
or slowdown has occurred in any Westinghouse plant since 
war began 14,867 employees earned cash Suggestion Awards 
for new ways to increase production, cut costs We employed 
5,620 honorably-discharged veterans, many of them wearers 
of the Purple Heart In addition to the big job of operating 
our own plants Wcstinghouse operated 3 of the 7 great 
Navy-owned ordnance plants 



A promlst for tho futuro • • There is a lot to be done yet . • • 
and you can count on Westinghouse men and women to do 
their share of tfo war job as long as American men still fight 
anywhere And when war is won, you can look to us for the 
best in electric appliances, radios, lighting, dectrical equipment 
for industry • • • and for continued leadership in new fidda 



Electric power plonfs oti wheels • . we built and delivered 34 
Westinghouse Power Trains, each a complete power plant 
on railway cars By means of these remarkable trains, electric 
service can be “shipped’* to liberated and devastated areas 
behind the fighting fronts 



« 

Against onemios oven more doodly thon tho Jop . • a mighty 
wt^apon was developed by Westinghouse engineers, co-operat- 
ing with the Army and the Department of Agriculture The 
enemy , disease-carrying insects Scourge of fighting men 
through the ages’ The weapon the Bug Bomb, no bigger 
than a can of soup, means sudden death to insect pests in 250 
pup tents or 50 big bombers. 


PRODUCTION 



A biHion dollars’ worth of production ond sorvico • . , was 

delivered by Westinghouse to America in 1944 Nearly half 
the money we received went for wagers Less than 3 cents per 
dollar were earned as profit on what we did We paid the 
Government 102 millon dollars in taxes For each dollar’s 
worth of goods and services delivered we kept only a little 
more than 2 Vi cents as net profit 


Westinghouse Electric & Manufacturing Company, 
Pittsburgh 30, Pa. 


Wbstin^ouse 

PUNTS IN as errifs omets tvserwsm 


HD MALONE— Mondoy, TuMdoy# W«dn«tdciy Evankig, Olut Ntlwork 
Tun« int JOHN CHAKUS THOMAS-Srnidkiy 2:90 pm, EWT, NOC 
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acetone, alcohol, and natural gas vap* 
ors, Class 2 has (E) metal dusts, (F) 
coal or coke dust, (G) grain dust Ihe 
higher they are on the list the harder 
they are to defeat; metal dust is the 
dust-proof motor’s public enemy num- 
ber one 

The motor manufacturers are ac- 
cepting any challenge m which the 
market is big enough to provide good 
high stakes. 

Take magnesium for example. The 
finer the magnesium dust or chip the 
greater its hazard A lighted match 
can be held to a solid chunk of this 
metal and nothing will happen, but do 
not try that with a pile of its shav- 
ings And magnesium, the lightest of 
commercial metals, is being used in 
such large quantities that hundreds of 
machine tools are cutting it 

A new type of motor is specially 
made to stand magnesium dusts and 
is good for any dust, metallic or other- 
wise The cooling is not done by 
blowing air through the motor itself 
but by an external fan which blows 
air through vent passages which are 
in the case but do not penetrate to the 
electrical parts These passages are 
straight, dust is not likely to lodge 
in them and if it does it is easy to 
clean out The fan is of non-sparking 
bronze 

Another motor is hermetically sealed 
against dusts, gases, and fibers It, too, 
depends upon casing vents Types like 
this one come closest to being the 
universal answer to hatardous fumes 
and dusts But they are not yet ready 
for everything — the case still gets too 
hot for some gases as it throws off the 
internal motor heat 


POWER EXCHANGE 

Offers Economy Possibilities 
To Industry and Public Service 

NOTION which will not down is that 
of having industrial plants feed back 
power to the municipal or public util- 
ity lines durmg the hours when the 
industrial load is low and the home 
load is high 

Much of central power station cost 
IS for “stand by” equipment which is 
idle except for a few peak hours every 
day Factories have to pay for that In 
most communities the industrial power 
bill is m two parts the demand bill 
for the extra power needed to start 
up the machinery in the morning and 
for other emergencies, and the nm- 
ning-load bill for the much lower ordi- 
nary operating load Often the power 
needed at the demand peak is more 
|han twice that of the operating load 
Tlie idea is that industries could use 
keam, gas, or Diesel engines to gen- 
erate the extra power for their own 
demand peaks, then could use public- 
servioe power lor the all-day operating 
load, and, finally, could run these 
engines and feed their generated elec- 
trldty to the public-service lines dur- 
ing evening hours when the house- 


There are other tricks. On 400 horse- 
power and larger motors it can pay to 
keep the electrical parts filled with 
an inert gas. The pressure of the inert 
gas is always a little greater than at- 
mospheric and if there is any leak- 
age it will be of inert gas escaping. 

Another method is to give the motor 
its own fresh air and exhaust piping. 



Textile mills now use lint>protected 
motors belted directly to mochines 


So long as those ducts do not leak, no 
explosive gases can get into the motor 
The motor manufacturers are out to 
make their products fool-proof and 
fool-resistant. The market is welcom- 
ing the new motors as fast as they 
appear. And in the future far more 
motors will be used because motors 
will solve far more problems 


hold load is at its highest By this 
means the public utilities could get 
nd of much of their equipment and 
power could cost less for everybody. 

Usmg mdustrial power on public 
service lines would need only the de- 
velopment of a few simple synchro- 
nizing devices In addition to its public 
economy, this method would nd com- 
mumties of the fear that if any serious 
accidents were to happen to their 
public power stations their industries, 
hospitals, schools, and homes would be 
in a bad way 

CONVECTION CURRENTS 

, Make Heat Treatment 
More Accurate 

Heat treatment of metals is attain- 
ing high accuracies during thia war. 
And one contributor to this accuracy 
is more skilful use of convection cur- 
rents in heating and coolmg 
An example of this use is the case 
m which parts to be cooled between 
hardening and annealing operations 
are placed in a pit filled with inert gas 
whi^ will prevent oxidation The parts 
are placed at the bottom of the pit and 
therefore the convection currents fr^ 
the heitt they exude cause heated gas to 


rise to the top. In a well-insulated pit 
the rate of cooling is governed largely 
by the difference In temperature be- 
tween the parts and the gas which sur- 
rounds them and by the ability of the 
gas to absorb heat By controUing the 
temperature at the top of the pit the 
temperature of the gases returning as 
convection currents to the bottom is 
controlled and the cooling of the parts 
is kept at the desired rate 

MORE MODELS 

Made by Co-Operation 

Of All Departments 

A NEW way of using models to de- 
velop products and speed production 
has crept almost unnoticed into the 
practices of industry. 

Based upon the old axiom that “the 
blueprints cannot tell everything; they 
must be interpreted,’’ the new method 
IS to have the various parties associated 
with any development make models 
independently of each other and then 
compare them 

A machme-tool maker, for example, 
makes a wooden model of a special 
machine, the shop which designed the 
machine or is to use it makes another, 
and the two are compared The usual 
result IS a third model having features 
superior to both of the original ones — 
and thus months or even years of ex- 
perimentation are eliminated 

Models may be made by the product 
engineer, the tool maker, and the pro- 
duction manager independently of each 
other, all based on ideas for a new 
product submitted by the sales depart- 
ment When all four departments get 
together to discuss the models, the re- 
sult IS likely to be a product which 
will sell, contains all of the latest fea- 
tures, and can be produced at low 
cost and with little expense for tooling 

PRODUCTION TEAMS 

Speed Plant Operations and 

Make Quick Changes Possible 

^^NE of the oldest tricks in the han- 
dlmg of men is proving to be one of 
the newest The trick is to form per- 
manent teams of two or more workers 
— just as carpenters, coal passers, and 
other hand laborers used to do before 
mechamzation became so general 

The new method is to educate teams 
as teams instead of teaching men as 
individuals The crew of three which 
is to serve a centerless grinder, for 
exahiple, sits down before a motion 
picture showing themselves at their 
work, and later views another film 
showing the ideal method of serving 
the machine If the machine is to be 
changed to a new task, the team is 
shown a film of the operation as per- 
formed by a crew that has been long 
acquainted with it They are encour- 
age to talk with each other as the 
film progresses, making their own 
plans for best team play as well as 
asking questions of the insbmetor. 

Soldering teams, welding teams, in- 
spection teams— dozens of different 
crews are handled in the same way. 
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IN OTHER FIELDS Conducted by The Staff 


Taking Steel's Temperature 

By Meons of o Newly Developed Thermocouple Pyrometer, the Tem- 
perature of Molten Steel Con be Rapidly Determined Before it is 
Poured, Thus Making Possible Accurate Control of Quality and Uni- 
formity of Finished Steels 


T he msT practical and accurate 
way of measuring temperatures 
of molten steel up to 3200 degrees, Fah- 
renheit, in an electric arc melting fur- 
nace has been developed and put to' 
everyday use by adapting and im- 
proving upon a British device. Metal- 
lurgical engineers at Rustless Iron and 
Steel Corporation have devised a plati- 
num thermocouple pyrometer which 
measures the temperature of a steel 
bath before the heat is tapped from 
the melting furnace. The reading is 
recorded by an electromc instrument 
The new pyrometer goes a step be- 
yond the optical pyrometer, which is 
limited to the measurement of tem- 
perature when the liquid steel is visi- 
ble m the open and being poured It 
measures the temperature of the steel 
m the melting furnace — even though 
the steel itself is covered with a layer 
of slag — at a time when steps can be 
taken to regulate and control the tem- 
perature After the steel is tapped from 
the melting furnace, little or no tem- 
perature control is possible The de- 
velopment thus makes possible an im- 
provement in the quality and uniform- 
ity of steels 

The pyrometer consists of two 
interchangeable parts — an immersion 
head (a platinum and platinum- 
rhodium thermocouple encased in a 
fused silica tube mounted m a block 
of graphite) and a handle which is a 



A worker cbeckt Hie big dial of Hie 
electronic device which records tem- 
perotures ranging front 2200 degrees 
up to 3200 degrees, Fahrenheit, at the 
Rustless Company's Baltimore plant 


12-foot insulated pipe containing the 
wires leading to an electronic re- 
corder 

The operator of the device simply 
mampulates the immjrsion head, 
mounted on the pipe handle, through 
the door of the electric furnace and 
dips it mto the steel bath The exposed 
tip of the silica tube, which contains 
the thermocouple wires, is immersed in 
the bath and the graphite block is m 
contact with the metal, the slag layer, 
and the hot atmosphere of the fur- 
nace The whole operation, which is 



At a safe distance, the operotor of 
the thermocouple pyrometer inserts 
the immersion head into on electric 
arc furnace where, in 45 seconds, it 
mokes on accurate temperoture record 

automatically recorded, takes about 45 
seconds 

The instrument by which the meas- 
ured temperature is recorded is 
equipped with a large pointer and dial 
calibrated in degrees Fahrenheit This 
recorder is mounted conveniently near 
the furnace where it is easily visible 
to the melter responsible for the manu- 
facture of the steel and to the man 
operating the thermocouple. 

The new thermocouple, making pos- 
sible the accurate measurement of 
steel temperature, provides the steel 
melter with the means of controlling 
one of the most important variables in 
the manufacturer of steel The practica- 
bility of the device, working as it does 
at temperatures so high that most ma- 



Reseorch engineers worked for five 
yeors to develop this thermocouple 
of plotinum for recording the tern- 
perotures of molten metal accurotely 

terials are either softened or complete- 
ly destroyed, lies m the speed with 
which the equipment measures and re- 
cords the molten steel temperature 
The electromc instrument responds so 
quickly to the temperature of the 
thermocouple that it is possible to im- 
merse the unit into the molten steel, 
obtain a reading of the temperature, 
and remove the equipment from the 
meltmg furnace before the device is 
melted or destroyed by the mtense heat 


^ ^ 9 

WOOD WASTE MATERIAL 

Seen as Basts of 

New Chemical Industry 

T HE future prosperity of the wood in- 
dustry depends upon the degree to 
which the raw-matenal wastage can be 
transformed into the manufacture of 
profitable chemical products A chemi- 
cal industry based on wood will have 
a greater chance of success if it is close- 
ly integrated with a complete forest 
products industry, including ownership 
of the forests as sources of basic jaw 
material. This opinion was expressed 
recently by Dr. J. A. Hall of the United 
States Forest Service in Chenderd und 
Metallurgical Engineering. 

"Important wartime developments 
have shown new weys of utilizing lig- 
nin from the alkaline pulping processes 
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in the production of lignin-filled com- 
pressed paper goods widi rather re- 
markable properties/* says Dr. Hall. 
**This may develc^ into an outlet for 
large tonnages of recovered alkali lig- 
nin. 

“Post-war developments may be ex- 
pected to be in the direction of widely 
diversified uses for coniferous wood 
sugar in chemicals production and the 
use of hardwood sugar for similar pur- 
poses. Lignin from wood hydrolysis is 
promising material for the production 
of some chemicals already in mass pro- 
duction 

“The whole future of the industry 
based on impregnation of wood and 
paper with resin-forming chemicals de- 
pends upon cheap resin-forming chemi- 
cals,” contmues Dr Hall “Wood itself 
may prove to be such a source, espe- 
ciaUy if costs can be distributed over a 
broadly differentiated wood industry, 
integrated with the forest and within 
itself. Ligmn also offers promising 
possibilities along other lines leading 
toward coating specialties and similar 
products. 

“Three characteristics that distin- 
guish wood as a raw material for chemi- 
cal engineering are (1) It is a perpetu- 
ally renewable resource, of the same 
kind and in the same place (2) Chemi- 
cal wood can be a by-product of 
forestry, the prmcipal product being 
lumber. (3) The methods used in har- 
vesting Ae wood crop determine the 
nature of future crops” 

V-BELTS 

Replace Chain Drives 
In Grain Elevators 

or the newest utilizations of the 
wire grommet V-belt is its installation 
in .one of the leading gram elevators 
of Duluth, Minnesota, where it has re- 
placed a chain drive Operators of the 
elevators wanted to change the drive to 
V-belts, but installation of the con- 
ventional types would have required 
cutting out the floor to permit larger 
diameters or moving machinery and 
concrete bases to allow wider sheave 
face widths, according to the B F 
Goodnch Company 

Using wire grommet V-belts, no 


more space is required than for the 
chain drive. All chain drives on the 
elevator are being replaced by wire 
grommet V-belta as they wear out 

SYNTHETIC POLARIZERS 

Made from Sodium Nitrate 
By Use of Mica 

^ MBTROO for manufacturing certain 
optically important crystals larger than 
any nature has ever been known to 
produce involves an ingenious manipu- 
lation of atoms which provides a new 
and important tool for optics engi- 
neers Key to the new method is die 
use of mica as a means to control 
the atomic arrangement required for 
the production of large optical crystals 

T^ design of most military and other 
optical instruments is today based prin- 
cipally on the fact that a beam of light 
bends when it passes from one optical 
material to another The new method, 
developed by Dr. Cutler D. West and 
his associate, Frederick J. Binda of 
the Polaroid Corporation's research 
staff, permits large-scale production 
of an optical crystal which can be cut 
m such a way as to split a single beam 
of light into two bent beams, thus 
making the familiar optical phenome- 
non of double refraction widely avail- 
able to optical engineers. 

Polarizmg prisms can be made of 
these crystals. The prisms polarize light 
over a wider range of the spectrum 
than most other synthetic polarizers. 

Scientists have Imown for years that 
large crystals with the optical proper- 
ties of ^cite might be produced syn- 
thetically from molten sodium nitrate 
The problem, however, has been to de- 
vise a means for controlling the ar- 
rangement of the atoms of the molten 
mass when the temperature is re- 
duced and It starts to harden With 
such control, the crystal ends up in an 
optically useful form But with no 
control exerted on the atoms of the 
melt, it has a natural tendency to 
harden in an optically impractical 
form No efficient control was known 
before West disclosed that mica pro- 
vides the key to the problem of how 
to arrange the first atomic layer. Once 
the first atomic layer of the melt has 


hardened in the correct orientation, 
subsequent layers orient themselves 
automatically in the desired manner. 

Wee la used because its atomic sur» 
face^ dimenskmally like the atomic 
surface of a sodium nitrate crystal, 
fits like a peg and hole arrangement 
Math the atomic surface of the melt. 
Another advantage of mica is that the 
potassium atoms on its surface, ar- 
ranged like the sodium atoms on the 
surfoce of the melt and similar in 
size, presumably dissolve when mica 


Dr West end Mr. Bonds meosuring e 
forge crystol of sodium nitrots pro* 
duced by o new rnsnufochirlng method 

IS placed on top of a sodium nitrate 
melt When they dissolve, holes occur 
m their place The sodium atoms of the 
melt then fall naturally into these sub- 
microscopic holes. Under controlled 
temperature the surface of the melt 
in contact with the mica starts to harden 
first. Here, the mica corresponds to the 
thm skin of ice which forms first on 
the surface of a pond and then slowly 
grows doMoiward into a single crystal. 
With the sodium atoms thus controlled 
in their arrangement on the surface 
of the mica, the rest of the atoms of 
the melt are oriented in the form of 
a large optically useful crystal as soon 
as the entire melt hardens. The area 
of the crystal which can be groMoi by 
the new method is limited substantially 
only by the size and quality of the mica 
obtainable. Mica of good surface quality 
IS often found in areas three feet m 
diameter. 

MADE PROM PEANUTS 

New British Fiber 
Blends with Wool 

Abdil, a new substitute fiber, is not 
merely a substitute fiber competitive 
with wool, but has complementary 
usesp enabling lighter woolen fabrics 
to be manufactured. Preliminary ex- 
periments were conducted by the Brad- 
ford (England) Technical College, and 
trials were then arranged on a com- 
mercial basis with feMe firms. 

The vegetable protein used in the 
production Of Ar^ is extracted from 
the peanut with dilutw idkalL It is then 
precipitated and made into a spinning 
solution which is extruded through 
minute holes of a spinnerette into a 



A typicol smelhspece insfolforioit of wire gromsist Y-bsifi 
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TANK 

PERISCOPE 


CompMm S^f MounHd Ccmponeiits 

Rugged, strong, originally constructed for 
U. S. Tank Corps. Consists of 2 fine Peri- 
scone Mirrors mounted in metal and plastic. 
Only plywood body frame is required to 
finish ti:^ exceptional Periscope. First sur- 
face mirror is well protected by glass win- 
dows. Set weighs 2% lbs. Overall length of 
mount 6%", width 2%'^. Would normally 
retail at $40 to $50. 

Stock #700-S • . $3.00 Complete Set Postpaid 

TWO $m (4 UniH) SPSCIAL $S SO ro«tp«t4 


ATTENTION ALL AMATEUR 
TELESCOPE MAKERS 

An •sMpctonal opportumiy Co tocuro a largo 
variocy of optical piacoa (toconda) In varying 
•lagai of pfocoaaing from raw optical glasa to 
partialljr nniabad. Moat piacat havo boon moldad, 
•cMno nniahod on on# nda. Diamatara up to at 
laaac 3 incbaa. Good vario^ of priam blanka in- 
cludad, bulk packad Ratractivo indaxaa from 
1 3110 to 1 6490 but not idantifiad Moat crown 
glaaa — <• aoma Sint. Sold **aa iaP* but wicb our 
uaual guarantaa of full oatiafacnoa or moaay ro- 
lu^ad. Bacallant for aducatioaal uaaai for prac- 
ncittf and laaroing optical gnoding and poliantttg 
Stock #703-S S Iba. (miniaium walgbc) $5 00 Poa^ 
paid (Moat ahlpmanta avataga waigfit ovar 7 Iba.) 

LENS SST # 1 S 0 ^S ~ Sxporinioiitar't Draom*' ^ 
6 o Lcnset and New 50 Page Booklet **Fun with 
Chipped Edge Lenaea.** Ao 00 Poatpold. The 
variety of lenaea In tbia act will enable you to 
conduct countlesa experltnenta. build a great va 
rirty of equipment. 

NSW SO PAOl IDIA SOCK ''SUN WITH P 
CHtPSfD BOei LSNISS" I . 

Contain! wide variety of projects and fully I ' 
cover! the faaeinating uaea ox all Lenaea in I c 
' ^ ‘ $1 00 Soatpoid 


All turns Finely Ground and Polished but 
Edges Slightly Chipped or Other Slight 
Imperfections Which We. Guarantee Wdl 
Not Interfere with Their Use. Come Neatly 
Packed and Marked. 

YOU CAN EASILY MAKE 

Taleacopea, MagnlSara, Pketographic Gadgata and 
Hundrada of Bxparlmanta with thaaa Low Coat 
Lanaaa. 

To tranalata millimctar tnaaturaniaAta; 25.4 mm 
aquala ona mck 

S MM. MOVIi PROJECTINO LINS SST ~ Stock 
# 401 1 *S . . t 1 m Featpoid Consiata of a Achro> 

matic Lenaea. diameter 18 mm and a focal length 
when combined of one inch ^ 

S5 MM. niM ENiARGINa LENS SIT 

Conaista of a Achromatic Lenaea to oae at a speed 
of about F 8 These make a good substitute until 
Anaatigmat Enlarging Lenses again become avail 
able 

Stock #40M-S . . $1 $0 Fmtpoid 

SCOOFI CONDENSING LENS SET FOR SO MM 
PROJECTORS OR ENLARGERS 

Crown optical glass, aplanatic. diameter 5a xnm 
r L ^ mm Set compriaea a lenaea. 

. .. $2 00 Fotfp«ld 


MICROSCOPE OftliCTtVI LENS SET - Stock 
#409S.S . . . HOO Poilpnid a Cemented Achro- 
matic Lenses (color corrected) which may be com 
bined to make a microscope objetive lens with a 
focal length of ^ mcb. Use these to make a 
microscope for micro-photography 


COMPLETl SET Of LENSES AND THE PRISMS TO 
MAKE A MONOCUUR (TELESCOPE) 

These are from the Navy’s 7 Power Binocular 
with a" diameter objective lens 

Stock #S100-S M o n o cw icwr Set — $5 00 Postpold 


PEEFiCT MOUNTED ACHROMATIC LINS 
WITH THREADED MOUNT 

Stock #6090.S ... $2 00 Poctpuld 

Lens has diameter of mchea. focal length 
inches Excellent Telescope objective or combine 
two of these to make a 3 mch focal length pro- 
jecting lent for a 35 mm Slide Projector 


Stodi #401f.S 


ACHROMATIC OEJECTtVS UNSES with F L. of 
193 mms Have wider diameter than those used 
m Army’s 7 power binocular Excellent for tele 
scopes Diameter of edged lenaea are about sa 
mms. * 

StoA #S044«S— Edged ond Uncemented— Price $1 75 

SILVERED TANK PRISMS 

90-45 45 degree, ifi" long, wide, finely 

ground and polishra Would normally retail from 


Woii? normally" miu from 


ground and polisi 


Stock #36(M-S ... $2 00 eudi Postpaid 

(Illustrated booklet on Priams included FREE) 

PLAIN TANK PRISM 

Same dimensions as above This one is excellent 
for prMccting all the colors of the spectrum 
Worth Sa4 to $30 


Worth Sa4 to $30 

Stock #3005*S $2 00 eock Pectpoid 

(Illustrated booklet on Prisms included FREE) 


sets listed above 


WAR SURPLUS ACHROMATIC LENSES 

Stock No Dia. FL Price 


PERlia ACHROMATIC (CEMENTSD) Till* 
scon MBCTtVe lens Diameter iH In- 
Chet. Focal length ao inches 
Stock #«09M .... Pfiee $S00 Postpaid 


Dia. 

In mma. 

FL 
in mma 

Comments 

IS 

80 

Cemented 

IS 

4* 

Cemented 

18 

49 

Cemented 

25 

95 

Cemented 

16 

75 

Cemented 


FOUR TANK PRISMS - SPECIAL $7 00 Postpaid 

This IS the most sensational bargain we have ever 
been able to offer 

PENTAGON PRISAAS 

Originally produced for Army-Navy Gun 
, I sight 00 45-45 degree, finely ground and 
\ I polished optical glasa 
I ito^ #3014.$ . . 7Se each Poetpaid 


#3014.$ 


REDUCING LENS SET 

SM #I004*S . . . . $1 20 Featpoid 

Two big Lenaea. iH" and s'* in diameter 
Will make objects lock smaller than they 
actually art. 


USBSt — Uee these Lenses for making ProjectiM Lenses, 
Low Power Mleroaeopo ObQeetlvea. corrected Magnifiers, 
subatltute enlarging Lafl«e% Eye-Piece Lenaea, Mlcro- 
photograjiby, gadgets, opwNi inatrumenta. etc., etc. 


WAR BARGAINS IN LENSES USED IN 
NAVY'S 7 POWER BINOCULARS 

KELLNER EYE4>IECE LENSES with F L. of sj 5 
mms Conics uncemented with free cement 
and easy directions Edged Field Lens has 
diameter of 26 mms ana edged Eye Aebro- 
mat a diameter of 17 mms These are ex 
cellent for all sorts of telescopes 
Stock jg4041 .S—U w eemaoted l|ut ldgod-.$1JM 


ORDER BY SIT OR STOCK MO. 


SATISFACTION GUARANTIID 


Ml 


SUVAGE COHPAMY 


27 W. CLINTON AVINUI 


DIPT. 7. P. O. AUDUBON. NBW JIRtBY 
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coagulating bath« The resulting fine 
filaments can be cut to any required 
length and may be mixed with wool, 
cotton, or rayon, and yams may then 
be made on Hkm worsted, woolen, or cot- 
ton systems according to the type of 
fiber desired. 

When mixed with cellulose, Ardil is 
said to add warmth, fullness of hand, 
resilience, and crease resistance to the 
finished fabric. It dyes like wool and 
has an added advantage in that moths 
will not attack it 

OXYGEN CYLINDERS 

Are Now Explosion-Proof 
When Pierced by Cannon Shell 

OxTGSN cylinders designed to with- 
stand cannon fire without exploding are 
now being used on American war-planes 
throughout the world These cylmders, 
developed and now being made in mass- 
production by The Firestone Steel 



Production tine for non -exploding oxy- 
gen cylinders mode of stoinless steel 


Products Company, are designed for 
use on every type of military aircraft 
from the Superfortress to the smallest 
fighter ship 

Designed after the fire power of 
fighter planes was mcreased to include 
cannons, the stainless-steel cylmders 
wdl not explode even when pierced by 
a 20-millimeter shell The protection 
against shattering built mto the new 
cylmders is of vital importance, for if 
the cylinders were not explosion-proof 
the oxygen which preserves life during 
flights and aerial duels at high altitudes 
might become a deadly enemy 
An ordinary cylmder filled with oxy- 
gen compressed to 400 pounds to the 
square inch exploded with terrific force 
when pierced by bullets during tests at 
the beginning of the war. 

HEAT SEALING 

Expedited by Use of 
Vacuum Cleaner 

ORDINARY household vacuum 
cleaner is being used m the sh^iping 
room of an electrical manufactvuring 
company to help wrap vital war prod- 
ucts going to all parts of the world 
The special sealer consists of an elec- 


tric heating element inserted on two 
sides of a vise-hke clamp. When the 
heat is applied to the specially processed 
vapor-proof bags, the seal is quickly 
and effectively made. 

Before heat Is applied, all air is 
withdrawn from the package by an 
Apex cylinder ^;>e cleaner with a re- 
duced nozzle. Then the scissors-llke 
clamps seal the open edge. 

NEW LABORATORY 

Built for Study of 

Jet-Propulsion Fuels 

Designed specificslly for the study of 
fuels and lubricants for jet-propelled 
aircraft, a new laboratory has been 
built and put into operation at Wood 
River, lUmois Combustion of such a 
radically new character as takes place 
in a jet umt requires new basic re- 
search, and completely new studies of 
burning characteristics of possible fuels 
have been undertaken In addition to 
surveying fuel requirements, and de- 
termining characteristics and qualities 
of fuels most efficient for jet-combus- 
tion, the laboratory is also at work 
developing new experimental apparatus 
for further use m this type of research 

ALL-WELDED ENGINE 

Proves Economical in 

Oil Field Service 

An example of the benefits possible 
through changeover to welded design 
is found in a new all-welded gasolme 
engine for oil-field service which has 
over 25 percent less weight, lower 
imtial cost, easier portability, and low- 
ered maintenance as compared with 
engmes of cast-iron construction Ac- 
cording to The Lincoln Electric Com- 
pany, suppliers of the weldmg equip- 
ment used m fabricating the newly 
designed engine, the unit is a four- 
cylinder type operatmg on either nat- 
ural gas or gasolme and is used for 
drilling oil wells by the cable tool 
method It is operated at a speed of 
approximately 500 revolutions per mm- 
ute when drilling and 1500 revolutions 
per minute when bailing a well or 



A vacuum cleaner withdraws the air: 
the heoting unit seals the package 


pulling tools The unit has a rating of 
120 brake horsepower at 1200 revolu- 
tions per mmute Cylinder bore is 
4% mches with a piston stroke of 7 
inches 

Accordmg to the manufacturer, Buf- 
falo Gasolme Motor Company, welded 
construction offered them manufactur- 
ing advantages that eliminated costly 
foundry delays an^ expensive pattern 
making and maintenance 

ULTRA-VIOLET RAYS 

Absorbed by Chemical 

Used in Goggle Lenses 

K4ore than 99 9 percent of the ultra- 
violet radiation of the sun is absorbed 
by a synthetic chemical used m the 
manufacture of plastics goggle lenses 
The chemically treated plastics is dis- 
tinguished by the combination of sta- 
bility, high transmission to visible 
light, high ultra-violet absorption, and 
non-fluorescence when ultra-violet 
light strikes it 

Discovery of the ultra-violet ab- 
sorbmg properties of the chemical is 
notewor^y because the chemical can 
be used m conjunction with the manu- 
facture of plastics now employed as 
goggle lenses and as filters m xnilitary 
visual instruments such as range- 
finders and gunsights The chemical is 
classified as an azine 



Dsfigned for welded construction, this engine hot monufacturing advontoges 
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Look ohood o year or two.*.for 
your own toko. 

Over on the dark side is this* Every 
unnecessary thing you buy helps 
shove the country one step nearer 
inflation and the bad times that 
come in inflation’s wake. 

Over on the bright side is thii. Every 
single cent you save helps move you 
and your country one step nearer 
the kind of prosperous, happy, post- 
war America you want 

Ofciy— you’re Aumon. You" rethink-- 
ing mainly about yourself 

YOU SHOULD. Because if every 
man Jack (and every girl Jill) buys 
nothing he can get along without . . , 


(avoids Black Markets and ’’just-a- 
little-above-the-ceiling” like the 
plague!) . . • pays off the mortgage 
or any other debts . . . takes out 
more insurance • . . builds a healthy 
sock of savings . . . buys and holds 
more War Bonds — inflation will stay 
away firom our door. 

And Jack and Jill will be in a 
sotmd position no matter what times 
come. 

V 

Maybe you ought to clip this sign- 
post and paste it in your pocketbook 
as a reminder that you can BUY your 
way to bad times. Or you can SAVE 
your way to good ones. 

That’s wheref YOU stand today. 


4 THINGS TO DO to keep prices down 
and to protect your own future! 

1. Buy only what you really need. 

2. When you buy, pay no more than 
ceiling prices. Pay your ration points 
in full. 

3. Keep your own prices down Don't 
take advantage of war conditions to 
ask more for your labor, your services, 
or the goods you sell 

4m Save Buy and hold all the 
War Bonds you oat) afford — 

to help pay for the war and 

protect your fu- 
ture. Keep up 
your insurance 



a United SUtet Wmr mMvng. prepared by the War Adtertlelnff Cooncll, approved by the Office of War Infonnatioas 
and contributed by this matraafne in cooperation with the Magaaine Publi.heni of America 


AUY 1945 


SCIENTIFIC AMERICAN 


297 



New Products 

•nd Processes 


THIN RECORDS 

Run 15 Minutes, Take 
Up Little Room 

fuscjofT development In plastics and 
electronics is a wafer-thin Vmylite 
plastics record, only seven inches In 
diameter Each side of the disk will 
record approximately 15 minutes of 
dictation. It is light enough to be 
mailed in an envelope at regular letter 
postage rates Made from Vinylite 
plastics sheetSf these records can be 
bent, rolled, dipped, and written on 
with a pencil without harming the 
sound track. They can be stored in- 
definitely, without warpage, bres^ge, 
or distortion, in an ordinary fil^ 
cabinet-- 100 disks to the inch — and 
played back at least 100 times 
The Army and Navy use the equip- 
ment m vital communications work 
and it has been used extensively by 
government bureaus, in hospitals, and 
radio stations After the war, this new 
development of Sound Scnber Corpo- 
ration can be expected to take much 
of the drudgery out of salesmen’s re- 
ports, and out of the clerical require- 
ments of field men, mvestigators, m- 
spectors, reporters, and file like 

SAFE SLINGS 

Automatically Adfusf 
Themselves to Load 

Th* complete line of Macwhyte Cald- 
well “Level-Lift” slings now includes 
% ton, 1% ton, 3 ton, and 6 ton capaci- 
ties. 'Hieir operation is simple After 
the light-weight block containing wire 



A Level- Lift fling m the foundry 


rope is put on fhe crane hook, the 
crane operator ^ots the crane hook 
over the approxin^te center of gravity 
of the load and the floormen attach 
the sUng to the load. 

The crane operator then applies the 
power to lift the load and, as &e crane 
hook is lifted, the rope automatically 
adjusts itself through the ‘Tievel-Lift** 
block. In so doing, one sling leg of rope 
becomes longer than tlw other and, as 
the weight of the load pulls on the wire 
rope, the sheave In the block pulls 
down against a brake which prevents 
slippage The load is then lift^ level 

TOUGH FILM 

Can Be Used in Sheer 

Fabrics or Shoe Soles 

Raincoats so light and thin that they 
can be slipped into a woman’s hand-bag 
and inexpensive awnings that neither 
fade nor wear out are two of hundreds 
of post-war products to be made from 
a unique new material annoimced by 
The Firestone Tire and Rubber Com- 
pany. 

The material is a plastics film which 
can be made as thin as a hair and as 
soft and fiexible as fine clothes, yet 
which is comparable in streng^ to 
metals 

Lampshade that can be cleaned with 
soap and water, aprons that can be 
wa^ed and dried exactly as are the 
dmner dishes, and portable bathtubs 
that can be folded like Army cots, are 
a few of the other additional products 
that can be made from fiie new sub- 
stance. 

The film is the latest member of the 
Velon plastics family, which already 
has been used m dozens of important 
war jobs ranging from screening for 
American jungle fighters to lenses for 
gas masks. Eventu^y it will be used 
for a wide variety of products rang- 
ing from woven fabrics sheerer than 
the finest silk to shoe soles tougher 
than leather. 

The film is elastic, flexible, odorless,* 
tasteless, non-soluble in water, and par- 
ticularly resistant to scuffing, snagging, 
and tearing 

IMPROVED WELDING 

Said to be Faster Than 

Other Automatic Methods 

^VutOMATic arc welding equipment de- 
veloped to meet the need for a more 
fool-proof and easier applied process,, 
has established its practicability over a 
period of several years. During this 
time many units have been successful 
in welding a variety of pipducta, in- 
cluding machinery bases and beds. 


motor and generator frames, ventilating 
fans, tanks and pressure v es s els of all 
kin^ LST landing craft, and many 
parts used in ^ihe pre&brication 
sh^M, railroad cars, and other heavy 
equipment 

The method is designed lor use with 
direct current, utilizing a bare metallic 
electrode which is fed through a granu- 
lar fitix depoaited on the Joint to be 
welded. Suffident flux la apidled to 
completely blanket the arc and the 
molten metal. Hie unfused ilun la re- 
claimed lor further use. 

The new process, called linoolnwdki 
by the Lincoln Electric Company, uses 
extremely high current densiti^ For 
example, ^-inch diameter electrode 
may carry as much as 650 amperes. 
This produces greater penetration and 



Motor- driven troctor unit tkot uses 
the now high -current welding process 


permits smaller cross section of weld 
metal with resulting saving in cost and 
reduced warpage and distortion. 

Users report that the new method is 
less sensitive to scale and moisture than 
conventional automatic welding meth- 
ods This elimmates or reduces plate 
cleaning prior to welding. In extreme 
cases of scale, buffing with a power 
wire wheel usually provides sufficient 
edge cleaning; grinding and sand- 
blasting might have been required for- 
merly. 

ELECTRONIC CONVERTER 

Used for Industrial 
Induction Heating 

Developed to fill out the low frequency 
range of electronic equipment required 
in the growing field of induction heat- 
ing applications, a new mercury-arc 
converter electronically changes power 
at commercial frequencies of 60 to 25 
cycles into 1000 to 2000 cycle power. 
Hie mercury-azt type of frequency 
changer is particularly suitable for 
supplying power for forging, melting, 
and metal treating applications where 
large masses of metal or metal parts 
must be efficiently heated wi^ this 
power at kilowatt capacities of 250, 500, 
1000, and higher. 

Two highly succesidul applications of 
the new converters have been made in 
the past year, one being a 300 kilo- 
watt unit in a forge plant, and the other 
a 250 kilowatt unit in use in the midting 
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section ol 0 brass ftmndry. The units, 
made by A]lIS«X!helmere, are quiet in 
operation and require no ventilation or 
air-lUtering, since they are water- 
codedL In addition, hi^ ciq>acity mer<^ 
cury-aro converters offer no vibration 
problems, making heavy and expensive 
foundations unnecessary. 

ODORS 

May be Combaffed 

In Nine Ways 

T xira are many different ways of 
attacking problems of offensive odors 
in the air, and no one of tiiese provides 
the answer to every odor problem, ac- 
cording to an article appearing in The 
Givaudanian, organ of Givaudan-Dela- 
wanna, Inc., manufacturers of aromatic 
materials and pioneers in the field of 
odor chemistry. 

Hie article points out that numerous 
problems arising out of a desire to 
overcome the objectionable odor in dif- 
ferent buildings have been studied in 
the past, and it is expected that, in the 
post-war world, this will become a field 
of increased interest to many indus- 
tries. 

Tlie methods for deodorizing air in 
buildings are based upon nine separate 
theories They are listed as oxidation, 
alkal^tion, adsorption, antisepsis, 
washing action, chemical combination, 
electrostatic precipitation, catalysis, and 
reodorization Each of these methods 
IS usable for a different purpose and 
no one method is usable for all pur- 
poses. A short summary of each theory 
IS given 

Oxidation This involves converting 
an odor of unpleasant character to a 
pleasant or neutral one by oxidizing 
the chemical substance responsible for 
the bad odor. Typical oxidizing agents 
are potassum permanganate, hypo- 
chlorous acid, and ozone 

Alkalization* Alkaline reacting sub- 
stances such as borax, ammomum car- 
bonate, lime, and trisodium phosphate 
are frequently suggested as components 
of solid mixtures, possibly with the 
thought that the unpleasant odor to 
be overcome is a volatile acid Thus 
alkalies are helpful in dealing with 
butyric acid of limburger fragrance or 
with caproic acid, which smells like a 
goat 

Adsorption Oases and vapors re- 
sponsible for unpleasant odors can fre- 
quently be caused to collect at the 
surface of porous materials The three 
most important adsorbents are activated 
carbon, activated alumina, and silica 
gel The activation consists in provid- 
ing these materials with a maximum 
surface area. Carbon and silica gel 
are often used to adsorb odorous gases 
m refrigerators and in air conditioning 
systems. 

Antisepsis: This is based on the fact 
or belief that the unpleasant odor is 
generated by microorganisms such as 
bacteria, molds, or fungi Phenol, metal- 
lic salts, and formaldehyde are tsrpical 
examples of substances employed to ac- 
compUdi deodorization by destroying 
the organlsma responsible for the odor. 

The germkldal action of formal- 
deh3rde depends also on its exceptional 


chemical reactivity. It represents an 
intermediate stage of oxidation between 
methyl alcohol and formic add and 
could therefore {day the part of either a 
reducing or of an oxidizing agent It 
combines wUh andnes and relat^ sub- 
stances to form odorless compounds 
known as S^iff bases. Sometimes it 
acts as a methylating agent 

Washing action: When air laden with 
odcflrous particles is forced to traverse 
a solvent sudi as water, alcohol, glyc- 
erin, or mineral ^ the odorous par- 
tides may dissolve in the liquid, leav- 
ing the emergent gas odorless. This 
is a wadiing or **sorubbing** action. 

Chcanical combination Spedal cases 
of chemical combination have been 
mentioned as in the case of formalde- 
hyde and alkalis Many reactions which 


would take place very slowly, or not 
at all, under laboratory conditions may 
be realized vuadet conditions of ex- 
treme dilution such as prevail where 
large quantities of air are deodorlsad* 
For tiito reason reactions which strike 
a chemist as unllkdy, or even unrea- 
sonable, may actuaUy come to pass in 
actual practice. 

Electroitatic predpitation: This Is 
primarily a dust removal operation, but 
since the dust may itself be odorous or 
may carry odorous gases by adsorp- 
tion, it can be readily seen that elec- 
trostatic dust removal is an effkdent 
way to get rid of certain odoigf 

CatalysiB: According to electronic 
chemical theory, catalysts are looked 
upon somewhat as members of a bucket 
brigade passing along the electrons 



Why 109 Kinds of Optical Glass? 


Bending light to the will of 
man, making it accomplish 
miracles, this is the job that 
optical glass does. 

Creating the required types of glass, 
and adapting them to the thousands of 
precision operations they are to perform, 
is the task of Baosch Sc Lomb, America's 
large scale producer of optical glass and 
the only company currently producing 
109 kinds. 

Many of these glasses may look alike, 
but to the optical expert eacn ia different. 
That difference is marked by specific 
qualities of refraction, dispersion, and 
transmission. 7 • 


Only by having available all of these 
types of glass . « • and the ability to create 
new types when needed • . • has Bausch Sc 
Lomb been able to meet the optical instru* 
ment needs of science and industry in 
times of peace . • • the needs of our armed 
forces for highly precise military optical 
instruments. Bausch Sc Lombppticai Co«, 
Rochester 2, New York. 

BAUSCH & LOMB 

fiSTABLISHlD iSfS 

▼ 



Makers ./ Optical Glass and a Cemphtc Line ef Optical Instrstments fer Military 
Use, Education, Research, Industry, and Eyesight Cerreetien and Conservation 
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(buckets) and thereby speeding up 
chemical reactions. 

Reodorization: Ihis approach may 
take the form of overpowering an exist«- 
mg unpleasant odor with a pleasant 
odor; or» more subtly^ it may involve 
utilizing the impleasant odor itself as a 
component part of a complex mixture, 
the total effect of which is pleasant 
Sometimes a considerable number of 
different essential oils and odoriferous 
chemicals are used to accomplish this. 
Perfumed deodorants in the form of 
wall disseminators, hand sprays, and 
wicks have long been used Ihe suc- 
cessful Job done in the insecticide field 
with aerosol bombs suggests that, after 
the war, perfumed deodorants may 
possibly be dissolved in Freon and 
sprayed by merely turning a nozzle 

WELDED TRUSSES 

Are Easily Adaptable 

To Different Loadings 

NJBW design for welded trusses of 
standard 50, 60, 70 and 80-fdot lengths, 
m which, for the first time, H-sections 
with their webs in a vertical plane 
are used throughout without gusset 
plates, has been adopted by The Austin 
Company 

This truss is readily adaptable to dif- 
ferent loadings by simply changing 
the weights of the beams used for the 
various truss members, according to 
J K Gannett, Austm vice president 
and director of engineering By keep- 
ing the depths of the individual mem- 
bers constant, these variations require 
no changes m shop details or fabricat- 
ing jigs. 

As the top chord is a wide flange 
beam, it can carry purlins at a variety 
of spacings without regard to panel 
pomts, and is also adaptable to con- 
tinuous uniform loading. Similarly, the 
bottom chord can carry loads at any 
point and can be used, itself, as a 
monoraU. 


A '^natural'* ior welding, shop fabri- 
cation on a SO-foot truss requires a 
total of 41 lineal feet of fillet weld, all 
of which is accomplished by down 
welding. Hie H-secfions are assembled 
m a Jig, tack-welded, and welding 
is completed with the truss in a ver- 
tical position. 

Because it la fabricated completely 
from rolled members which are simply 
cut to desired lengths, no splitting, 
blocking, slotting or chipping is neces- 
sary. The only r4w cut edges are 
clo^ by the weldi, soT that only the 
smooth, hard, rolled surfaces are ex- 
posed, which gives the truss a maxi- 
mum of corrosion resistance. 

In full-size load tests on two 50-foot 
trusses of this new design made at 
the fabricating shops of The Austin 
Company more than a year ago, failure 
occurred under a load which was 253 
percent of the design load, at which 
point an end verfical buckled. Despite 
the distortion of the truss when it col- 
lapsed, not a single welded connection 
failed 

The behavior of the truss under a 
heavy overload was impressive and is 
attributed in large part to the fact 
that the Imes of action of all members 
lie in one plane, as well as to the con- 
centricity and S3rmmetry of the end 
connections of the truss members 

Following the tests, trusses conform- 
ing to the spans in widest use were 
designed and jigs set up for their 
manufacture During the final quarter 
of 1944, trusses of this type were fabri- 
cated and shipped to plants in five 
widely separated localities, one of 
which involved an area of 100,000 
square feet 

Experience in the field demonstrated 
that the new trusses are much stiffer 
than other welded trusses, and that 
they make steel erection work much 
safer. Structural iron workers, for 
instance, found that they could work 
much more easily on both top and 
bottom chords Hiis was particularly 


true of the bottom chord, where the 
flat upper flange provides a safer and 
more comfortable surface than the 
cut vertical edge found in most trusses. 
The flange not only provides an ex- 
cellent walking si^ace but ^o a 
good seat for men while working on 
bolted, riveted, or welded connections. 

HYDRAULIC PUMP 

Has High- and 
Low-Speed Pistons 

TWO-SPEED foot pump for pressures 
up to 10,000 pounds per square inch 
has as an advantage an automatic 
change speed feature The pump has 
two pistons— one a high-speed, low- 



Self‘Contained hydraulic pump 


pressure piston, the other a small, 
slow-speed, high-pressure piston Up 
to 1000 pounds pressure both pistons 
pump oil, at 1000 pounds the high- 
speed, low-pressure piston automati- 
cally cuts out and higher pressures 
(up to 10,000 pounds) are easily de- 
veloped by the small high-pressure 
piston 

Many applications calling for hy- 
draulic pumps require first that a large 
volume of oil be delivered, and sec- 
ond that high pressures be developed 
A typical example is the furmshing of 
power to a hydraulic cylmder where 
the ram must be extended a large por- 
tion of its total travel before it contacts 
the work and then high pressure must 
be applied for the final operation This 
pump will provide the fast travel at 
low pressure, thus minimizing the de- 
lay m bringing the ram to the work 
and, without an mcrease of effort on 
the part ^of the operator, will develop 
high procures for the actual work 
Maximum pressure can be pre-deter- 
mined by the adjustment of a relief 
valve 

GAS PURIFIER 

Utilizes Palladium 

as Catalyst 

lx LABORATORY tests and under practi- 
cal working conditions a gas purifier 
that utilizes the precious, but unre- 
stricted, metal palladium as a catalyst 
has shown its efficiency in removing 
oxygen from such gases as hydrogen, 
nitrogen, argon, and neon. Gases of ex- 
tremely high purity— that is, with less 
than 20 parts of impurity in a million 
—are thus obtainable, It is claimed. 

While uses of the new Deoxo puri- 
fier are many, it is expected to be espe- 
cially valuable m the manufacture 
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lation of 
WRIGHT Soekinj Scales 
m the Superior Fertilizer 
Company, Tampa, Florida 


Chemical Food for Hungry Acres , 

The individual generally t^nka of war goods in terms of thi{^ 
d aircraft. 


gunst shells and 


ft. These are of course the actual tow 


employed against the enemy and EXACT WEIGHT Scales bv 
the thousands are used m all these operations of war materials 
manufacture. Yet fertilizer ^ lifeblood for depleted soil is still 
another war job . • . an important job, for without productive soil 
to produce food no war machine will function for long. Fertilizer 
is but one of the many free flowmg chemicals packaged by EXACT 
WEIGHT Sacking Scales. Production men with such problems 
should write for details covering this necessary equipment. 


^stbial 


Iccuct hijeujht Scopes 


THE EXAO WEIGHT SCAIX COMPASY 


65 West Fiftli Ave., Colambut 8i Ohio 

Dept, Ad 7S3 Yonge St., Toronto, Canada 


of radio and radar tubes. It ia also use- 
ful for heat treatment of alloys, in 
powder metallurgy, and in research 
laboratories using pure gases 
The unit will be produced in two 
sizes. Both are compact, containing the 
catalyst encased in metal cylmders 
provided with intake and outlet valves 
through which the gas is passed. One, 
with a capacity of 200 cubic feet of gas 
an hour, is designed for laboratory and 
limited production use The other, for 
general plant opera^on, is constructed 
for wall mounting Its capacity is 1000 
cubic feet of gas an hour. Both umts 
will handle pressures up to 50 pounds 
a square inch 

The new Deoxo unit requires no ex- 
ternal heating since it employs a new 
type of palladium catalyst efficient at 
room temperatures It requires no 
warming up or cooling down period 
before and after use Flow resistance is 
almost negligible and, it is claimed, 
will not change with use It requires no 
mamtenance and present indications 
are that, when used on cylinder gas, 
It should last indefinitely 

RUST-PREVENTING 

Oil Keeps Radiators and 

Cooling Systems Clean 

COMPOUNDED oil and rust preventive 
which emulsifies quickly with water or 
any anti«freeze is claimed to keep 
radiators, water jackets, and cooling 
systems clean and to prevent rust and 
corrosion The new oil, called Gibral- 
tar '^Rad-Treat," will also lubricate 
packing glands in pumps, and at the 
same time prevent shrinking and glaz- 
ing of packing When caustic solutions 
are used to flush out a radiator, it is 
recommended that Rad-Treat be added 
afterward in order to neutralize any 
acid condition produced by the caustic 

THIOKOL POWDER 

May Be Molded 

And Vulcanized 

SAolded synthetic rubber parts with 
good resistance to solvents, greases, oils, 
fuels, sunlight, ozone, and atmospheric 
oxidation are now possible throu^ the 
use of a new molding powder. Vul- 
canizing at 300 to 360 degrees, Fahren- 
heit, to form a resilient elastic solid, 
the new powder has proved itself an 
excellent material for compounds which 
are required to remain flexible at tem- 
peratures below —50 degrees, Fahren- 
heit. It remains serviceable to tempera- 
tures in excess of 220 degrees, Fa^n- 
heit. 

Believed to be an excellent material 
for a wide range of industrial parts 
such as washers, valve seat disks, dia- 
phragms, gaskets, grommets, and so on, 
the new Thiokol molding powder can 
be compounded to obtain finished parts 
with a wide range of hardness. 

In considering the properties of ar- 
ticles molded from this powder, they 
should be tbou^t of in terms of soft 
vulcanized hibW rather t]|ian of hard 
rigid plastics. For example, rigid plas- 
tics display tensile strengths of from 
1000 to 10,000 pounds, wi^ elongations 


up to 1 percent, while soft rubber 
goods fall into ^e tensile range of 
200 to 3000 potmds per square inch with 
elongations of from 100 to 1000 percent 
The physical properties of the com- 
pound made wid the new molding 
powder are within the range normally 
considered satisfactory for most rubber 
mechanical goods applications 

PEANUT MEAL 

Has Wide Potential Use 
If Properly Processed 

Niw studies opening broader poten- 
tial industriai^uses for peanut meal are 
described in a recent issue of Indus- 
trial and Engineering Chemistry. 
Pressed peanut meal now is used al- 


most exclusively as feed. The new work 
indicates that by proper control the 
peanut oil can be removed without de- 
stroying the protein values of the 
meal, thus makmg the product avail- 
able for new industrial uses. 

The work was done by T. D Fon- 
taine, Carolyn Samuels, and George W 
Irving, Jr, of the Southern Regional 
Research Laboratory, United States De- 
partment of Agriculture. 

*'For many potential industrial uses,’’ 
they said, *^it is essential that the pro- 
tein constituents of peanut meal be 
readily extractable, ai^ that the ex- 
tracted protem be substantially unde- 
natured.” 

Customary treatments of removing 
the oil by commercial hydrauUe press- 
ing vary m severity, **lmt are usually 
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sufficiently drestio to denature the pro-* 

Ihelr studies indicated that ^criti«* 
cal denaturing temperatures lor peanut 
protdn are above 118 degrees, Centi- 
grade, (dry heat) and above 80 degrees 
at 100 percent relative humidity. Since 
there appears to be little need for ex- 
cessively hi^ temperatures and mois- 
ture contents to rupture the oil cells 
of the peanut, it would seem advisable 
to emidoy in the mill the lowest xnois- 
ture content and lowest temperature 
compatible with adequate oil removal.*’ 

FLUORISCENT FIXTURE 

Has 93-Inch Lamp 

That Does Not Flicker 

CoiomcxAL lighting fixtures employ- 
ing 98-inch fluorescent cold cathode 
low voltage lamps are now available 
along with assemblies for continuous 
line lighting. Ihese **Simplicity” units 
are equlpi^ with the 10,000 hour 
**C61ovolf* lamps which are instanta- 
neous in starting and do not flicker. 
The General Luminescent Corporation, 
which makes these units, states that 
long life expectancy may be realized, 
even when the lamps are constantly 
turned on and 

POLISHING LATHE 

Holds Odd-Shaped 

Farts by Vacuum 

Such parts as oil-can bodies, spun 
shapes, and flat stampings, which can- 
not be held by chuck or collet, are held 
firmly in a new polishing lathe which 
generates its own vacuum, without 
piping or glands, starts, holds the work, 



A vacuum pump b the lecret of this 
polishing lothe for odd-shoped parts 


stops instantly, and releases the work 
rapidly for low cost production All 
work is held firmly for polishing, bur- 
nishing, and many other operatt$iiS. 
This **Vacuum Grip” lathe is made by 
the Crozier Machine Tool Company 

SAND IN GREASE 

Is Important Ingredient 

Of Silicones 

iff nni natural state sand is the cause 
of millions of dollars worth of damage 
to electrical equipment Combined with 
coal, brine, and oil to create materials 
called silicones it has become a vital 
oompenent of soft greases that neither 
barden at —40 degrees nor melt at 400 
degrees^ Fahimheit It has also become 
an intrfaude part of fluids with similar 
properties, yet as thin as water, and a 


bask ingredient at resins and vamkhes 
which, when used as Insulation, stand 
up under tremendous heat 

In testing ^Heone resins and var- 
nidies, Westingbouse engineers found 
three possible major benefits- (1) be- 
cause oi silicone insulation, resistance 
to heat and reduction in size and 
wei^t of electrical equipment can be 
made for a given output; (2) greatly 
increased life can be obtained in the 
same size and weight; (8) machines 
with sUicone insulations may be placed 
in operating locations where surround- 
ing temperatures are higher than 
heretofore possible. 

Discussing the silicone greases, 
engineers said that **a translucent sili- 
cone grease of petrolatum-like con- 
sistency has been developed for use 
as a lubricant for Igmtion cables to re- 
duce cutting of the insulation by elec- 
trical overcharges and permit easy wir- 
ing of igmtion harnesses. Although a 
soft grease, it has the unusual property 
of not melting under heat This ma- 
terial is inert and oxidation resistant, 
has no solvent effect on synthetic insu- 
lations or rubber and tends to prevent 
the hardening of these materials when 
heated in contact with air 

“Other silicone greases under de- 
velopment are being used for lubricat- 
ing ball and roller bearings One type 
can be used at temperatures as low 
as —76, Fahrenheit, and has high tem- 
perature stability at least as good as the 
best available organic greases Another 
t 3 rpe is lowing stability in lubricat- 
ing ball bearings several times as great 
as orgamc greases at the same tempera- 
tures ” 

HOT CROPPER 

Uses Oxy-Acetylene Torches 

To Effect Economics 

Madb-to-mkasi«i alloy steel blooms 
and billets are now being shipped from 
A. M. Byers Company, as a result of 
the installation a new hot cropping 
machine at one of the company’s plants 
The machine, especially deigned by 
Air Reduction Corporation, cuts blooms 


and billeis by means of twin water- 
cooled torches u^ng the oay-aoetylene 
process. 

Previously, ^tearing on sizes up to 
nine by nine inches was practic^le, 
but on larger sizes the entire bloom or 
billei was idiipped. This created a spe- 
cud cutting operation at fabricating 
plants as well as a scrap disposal prob- 
lem there. The hot cropper can cut to 
length all sizes up to 24 by 24 inches, 
achieving economy in shipping and 
permitting Byers to retain scrap of 
known analysis for its own use 

PLASTICS SLIDE RULE 

Is Circular In Form 
And Long-Wearing 

rule that will remain accurate 
under extremely rough handling, which 
can be immersed in water, or exposed 
to greases and oUs, without impairing 
its usefulness, is fabricated from 
“Vinylite” plaices by Tavella Sales 
Company. Virtually unbreakable and 
dimensionally stable even after long 
periods of time, the rule is circular 
m form, contains all of the features 
of the traditional oblong rule withm 
its six inches of diameter, and, in addi- 
tion, permits a multiplication-division 
table 13-1/8 inches long as against 10 
inches on the regular type rule 

CROOKED GUN BARRELS 

Straightened by Skilled 
Hand Operation 

Dubing machining and drilling, some 
of the barrels used in Garand rifles and 
Wmchester carbines become slightly 
curved. Others develop a number <d 
curves. Unless such “kinks” are re- 
moved, the gun is so maccurate as to 
be useless. 

Barrels are straightened in a hand- 
operated press in which the curved sec- 
tion of the barrel is held between two 
dies and the kink literally pushed out 
by a third die. This die is controlled 
by a heavy spoked iron wheel similar 
m appearance to a ship’s steering wheel 

The operation, although it seems 



Twin torcliet cat huge billets quickly ead economically 
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simpley ia extrtmely diflSeuli and ia 
antroated only to oxporien^ed baml* 
atraightenon who havo been doing thia 
wcnrk for many yeara. At the Wlnohea-> 
ter Repeating Anna Company, a divi- 
aion of Weatem Cartridge, a al^ed 
man can atraighten a barrel m one 
minute. 

The teat for atraightneaa ia to sight 
through the gun ba^ at a horizontal 
line some 15 feet distant. If the barrel 
ia atraight the horizontal line will be 
reflected on the sides of the gleaming 


> 


A kigli degree of tkiH it required 
for stfoightening crooked borrelt 

interior of the barrel as two straight 
lines converging to a point somewhat 
m the way the two rails of a track 
seems to Join in the distance. 

If the barrel is not straight the two 
lines will take all kinds of shapes and 
the operator must determine what point 
of the barrel is curved, in whidi direc- 
tion or directiions, and apply just enough 
pressure to take out ^e kink. Viaion 
of a high order and the greatest deli- 
cacy of touch are requked for this 
exacting work. 

PLASTICS FOR NAVY 

R^sisfanf fo F/ome 
And Shock 

CoMsmiNO the qualities of fire- plus 
shock-resistance and easy molding 
pibpertiea, a new plastics has been de- 
veloped for the Navy. Intensive re- 
seax^ begun in General Electric’s 
plaatioi laboratory has produced a 
product t^t can ^thstand fire and its 
resultant toxic effects during battle 
action, aa well as the concussions and 
vibrations of battleship broadsides. 

The Navy’s apeclficationa called for 
a plastics that was relatively fire-re- 
sistant and non-toxic, and had good 
electrical properties, hifi^ impact 
strength, and easy moldability. The lab- 
oratory men learned that it was im- 
possible to use any appreciable amount 
of organic filler in a laminated plastics 
or molding compound to fit these spe- 
cifications, regardleaa of what kind of 
resins were Used, without obtaining a 
material that gave off toxie gases fatal 
to human beings, depending on several 
factors ineludi^ tiie size of the room 
and length of burning. 

The dhemiata then turned to the use 
of inorganic filler-type of materials, 
such as asbestos and glass. At the end 
of the long research road they se- 


lected asbestos aa the type of Inorganic 
f^er they wanted becauae it embodied 
all of igHBdficatione-Telative high 
flame-resistance, low toxicity, easy 
moldability, and shock resistance. The 
researchers then bound the asbestos 
fibers together with certain idienoUc 
resins to make a senes of plastics with 
various shock resistances that would 
do tihe required Jobs 

PLICKBRING FLUORESCENTS 

Now a Part of the 
Past of Lighting 

ELEcnocAL engineers have written 
finia to the fli<^ermg of fluoresoents. 
Incandescent lamps, their normal aer- 
vice given, blink out abruptly. Fluores- 


oenti, after many hours of biri^t and 
itea^ service, yidded grudgtegly to 
the deUlitiei o£ bid age and flkiDHred 
annoyingly as they passed through 
their d^A throes. 

But no longer. 

Engineers now have devised a tiny 
’’eleo^cal brain” which fits in a fluores^ 
cent lamp receptacle and automati- 
cally shuts off the current when the 
lamp has passed the stage of useful- 
ness, according to information publish- 
ed a recent issue of the Westing- 
house Engineer, 

All fluorescent lamps have a ’’starter,” 
a small glow-discharge tube which pro- 
vides a higher voltage initially to 
speed electrically-charged particle of 
gas into glowing action. By adding a 
resistor which heats when the lamp 
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For shapes from steel, 

the torch offers a meth- 

od, but machine finish precision 
work, use the DoAU. 

Another thing, the torch will not cut 
non-ferrous metals, aluminum, brass, 
cast iron, bakelite, fibre products— 
the DoAII will. The torch is imprac« 

the DoAII handles easily. 

Yes, DoAUL cuts them all — toda/s most modern and rapid machining method. 
Does both intornal and external cutting, following straight or contour lines 
dccurofely emd without metal waste. 

OoAU Advantagos over 10 Bash Cutting Methods are 
ifiOwii in pictures In a new booklet. Write for copy today. 
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Abovf : Geor cutting mochino with cut- 
ter heod in looding position Left. 
Interior of the cutter heod, showing 
ossembly of individuol tool blades 

containing the cutter head, automati- 
cally lowers into cutting position and 
automatically locks there The work 
now reciprocates vertically At the be- 
ginning of each up-stroke, all blades 
are advanced radially (f^ into the 
work) an equal amount On the return 
stroke, the blades are retracted slight- 
ly as on conventional gear-shapers to 
provide clearance for the tools The 
amount that blades are fed into the 
work on each stroke is adjustable Cor- 
rect sizing of the work is abo auto- 
matically controlled and adjustable. 

ABRASIVE WHEELS 

Are Bonded With 
Synthetic Rubber 

Rbccnt reports from abrasive wheel 
manufacturers say that a special-pur- 
pose synthetic rubber has been de- 
veloped which permits, the manufac- 
ture of fast-cutting, long-lasting 
abrasive wheels for the metal work- 
ing trades, 

A single wheel will do the work of 
15 metal bandsaws in cutting gates and 
risers off non-ferrous castings Multiply 



this one illustration by the thousands 
of other applicatkms for abrasive wheels 
in industry to get an idea of what they 
mean to production 
Tests of abrasive wheels were con- 
ducted by West Company, Inc ToHycar 
Chemical Company, makers of syn- 
thetic rubber, the results were re- 
ported as follows: ^^Manganese bronze 
castings were cut with a natural rub- 
ber-bonded wheel making 50 cuts for 
a total of 562^ square u^es A Hy- 
car-bonded wheel on the same work 



made 99 cuts for a total of 1013% 
inches, practically doubling the output. 
Each wheel was 16 inches m diameter 
by %-inch thick, operating at 16,000 
surface feet per minute, 3800 revolu- 
tions per minute spindle speed” 

The same company’s tests on alumi- 
num bronze castings were to take 10 
cuts each with a natural rubber wheel 
and the special-purpose synthetic rub- 
ber wheel The results reported were 
that the wheel bonded with Hycar cut 
141 square inches and that the wear 
was 43 square inches per square inch 
of metal cut, in comparison with the 
natural rubber-bond^ wheel which 
cut 112 square inches and showed a 
wear of 627 square inches per square 
inch cut 

ELECTRONIC COUNTER 

Tallies Rates Exceeding 

Ten Cycles a Second 

OcsiGNEO for industrial and laboratory 
uses, a new two-decade electromc 
counter is actuated by a closing con- 
tact, sme wave, or pulse input, as from 
a photo-cell, at rates up to 1000 cycles 
per second Each decade divides by 
ten, giving a scaling factor of 100 The- 
count for 0 to 99 appears on two banks 
of neon lamps. 

A telephone-type relay is connected 
to the counter output and the contacts 
of this relay close once for each 100 
input cycles Ihese contacts are con- 
nected to an output terminal A con- 
ventional electro-mechamcal counter 
may be connected to the output ter- 
minals to extend the count to as many 
places as desired. 

One important application of the unit 
IS in counting rates exceeding 10 cycles 
a second, which are generally too fast 
for conventional counters. Another is 
in inst^lations where a conventional 
counter wears out prematurely from 


high-speed continuous operation or is 
unreliable The new electronic counter, 
made by the Potter Instrument Com- 
pany, makes it possible to increase the 
counting rate 100 times 

RUBBER CEMENT 

Bonds Metal, Wood, 

and Plastics 

Non-thermoplastic and water and 
aromatic oil -resistant, a new adhesive 
for bondmg metals, wood, plastics, and 
ceramic material to themselves or to 
each other, is said by The B F Good- 
rich Company to provide superior 
bonding qualities in any of its applica- 
tions In some cases, it is claimed, this 
new rubber cement can be used in 
place of nvets or screws. Best results 
are gained by applying heat with 
pressure, although heating ^one will 
give some degree of adhesion. The 
purpose of pressure is to obtain good 
surface contact The ^ond strength 
vanes with the materials being ad- 
hered 

The new adhesive, named Plastilock 
500, has shown a shear strength of 3250 
pounds per square inch. Tension 
strengths of 4000 pounds per square 
mch have been reached Tests made 
after the bonding of wood and plastics 
to aluminum, which presents extremely 
difficult problems of adhesion to other 
materials, have resulted in the wood 
and plastics being tom because the 
strength of the bond was greater than 
that of these materials 

CELLULOSE PELLETS 

Clean Engine Paris 

Quickly and EfBcienily 

TIME-SAVING supplementary treat- 
ment has been developed for the suc- 
cessful chemical processes now m use 



Carbon removal from a piston, using 
cottelose pellets and compressed oir 


for removing carbon from aircraft, 
automotive, and Diesel engine pistons 
and other parts While prolonged soak- 
ing in specialized chemicals is normally 
required to remove tenacious deposits 
completely, a comparatively short-time 
bath is said to suffice if the new prod- 
uct, called Carboblast, is used. It re- 
moves residual carbon, oxides, and 
gums Its peUets of ligno-cellulose are 
softer than any metal used in engine 
construction and cannot scratch or mar 
mirror-like surfaces. Because of this, 
and by reason of the fact that the pel- 


SCIENTIFiC AA4ERICAN' • MAY 1945 


306 



lets are essentially non-adherent as 
well as smpodi and non-abrasive» there 
is no need to mask off bearings or 
bronze bushings, or to plug spark plug 
holes. 

The narrowest recesses, such as pis- 
ton-ring lands, cylinder fins, waffle 
u^erpbton structure, valve parts, and 
screw threads are readily penetrated 
and thoroughly cleaned by ^ pellets 
Conventional sandblasting equipment 
is adaptable to Carboblasting. 

gAge fingers 

Usecf In Grinding 

Aircrcrff Cylinders 

Use or carbide gage fingers has m- 
sured accurate gaging during grinding 
at a large aircraft ex^dne pl^t, under 
conditions which wou|^ >^iyp>jBteel 



Cemented corbide gage fingers moke 
outomotic goging procticol end mote- 
nolly Increose mochine production 


fingers away so rapidly that the opera- 
tor would be forced to continually re- 
set his gage. 

The Job where these fingers are 
used consists of grinding the outside 
diameter of aircraft cylinder sleeves to 
extremely dose tolerances. The gage 
fingers— made of Carboloy cemented 
ca^ide where they contact the rotat- 
ing efork— -are so set fiiat when the 
gage reads they automatically 

^ut off the machine feed, thereby sav- 
ing an i^preciable amount of time 
on long production runs. 

Because no lubricant can be used 
on these gage fingers for obvious rea- 
sons, it is impractical to ^ploy steel 
for this purpose. Ihe Carboloy fingers, 
however, stand up under these condi- 
tions and are reported to have ihade 
this type of gaging fixture practical 
with a resultant material increase in 
production. 

TRANSMISSION RINGS 

Mode of Long^liYod 

Vinyl Resin Derhfafive 

^^RXGiNALLT developed to prevent gear 
breakage in the event ^ jamming, 
a unique type of power transmission 
mvolving rubber rings that mesh with 
metal gears on revolving turret ma- 
chinery wafT m use in the eastern 
plant of a large radio manufacturer 


before rubber became scarce. Ihi the 
course of a rubber conservation pro- 
gram, it was found that when the rings 
were made of comj>ar, a vinyl resin 
derivative compounded by Resistoflex 
Corporation, their service life was m- 
creased several times The tough, long- 
lived ring 18 molded of the same basic 
material used as the core of Resisto- 
flex oil and gasoline-proof hose as- 
semblies The material is compounded 
to give the exact degree of flexibility, 
elasticity, and abrasion resistance re- 
quired for each particular application 

PLATE RECTIFIERS 

Coated to Protect 

Against Corrosion 

A, PLATE construction m metal-plate 
rectifiers which allows complete coat- 
ing protection against destructive at- 
mospheres, now available, permits a 
new method of applying the protective 
coatings Where the standi petal 
contact is sprayed with a protective 


dffl^enlent, well 4 >Uced controls; easy 
reading graduated dials, and smooth operation 
save time and reduce operator fatigue to a 
minimum. A wide range of spindle speeds per- 
mits mashimng vanous kinds of metals with 
maximum cutting tool efficiency Threads and 



Syatbetic mbbar rings, meshing with 
metol geers, pravide positire trans- 
mission ond give long service life 


coating, Center Contact is especially 
adapted to the application a heavier 
and better coati^ to protect the recti- 
fier from fungus-bearing, salt spray 
laden, or corrosive atmospheres 
The Center Contact construction, a 


Engine Lathes are made m five sizes* 9*', 10', 
13',14j4'»and 16 'swing respectively Precision 
Turret Lathes are available in two sizes* Ser- 
ies 900 with 9' swing and collet capacity 
and Senes 1000 with 10' swing and 1' collet 
capacity Write today for catalog 



BUY WAB iOMPf-SAVC SOt UfUES 

SOUTH BEND LATHE WORKS 

4BB E.ModlsoiiSt. •lolhnBMidBrifbrSB ITnars^SoifHi iniitf Slytntf. 


Versatility 

fir Incision Toolroom Work 


TW ease with which South feend 
Toolroom Lathes can be changed from 
one 9 et-up to another for an almost 
uiihmited variety of ’^precision opera- 
tions 18 one of the reasons for their 
populantyita the busy toolrooms of 
war-rushed essential industnes. 



power feeds for all requirements are 
instantly available through a full quick 
change gear mechanism A complete 
Ime of attachments and accessories sim- 
plifies tooling lathes for many special 
and unusual classes of toolroom work 
South Bend Toolroom Lathes and 
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Ctntcr cofitoct in selenium rectifier 
plefct permits better unit protection 


product of Federal Telephone and 
Radio Corporation, is available in the 
same range of sizes and capacities as 
the standard petal- type contact. It re- 
tains the features of high voltage per 
plate, ability to withstand heavy tem- 
porary overloads, and operates at high 
efficiency over a wide range of capaci- 
ties with no maintenance expense 

SCREENS 

Made of Stainless Steel 

For Process Industries 

For use with all types of process wa- 
ter, a new stainless-steel screen has 
proved satisfactory, according to the 
manufacturer, in installations m paper 
mills, textile mills, and other process 
industries The face of the screen is 
a fine mesh stainless-steel wire fabric 
which is backed up by a heavy gage 
screen of about one inch square mesh 
Behind this backing are the horizontal 
back struts of the fiame itself, thereby 
providing maximum resistance to belly- 
ing and buckling of the fine strainer 
under water pressure 

The unit, made by the Rodney Hunt 
Machine Company, is light m weight 
and easily removed for quick cleaning 
It is available in any dimension de- 
sired and can also be supplied with 
specially designed frames and quick 
acting hoisting apparatus for removing 
frames for cleaning 

OIL STRAINERS 

Easily Installed 

On Machine Tools 

Used on machine tools for straming 
cutting oils and coolants and for other 
installations using flood oiling, a new 
Metex strainer has the following fea- 



No bdMiaf required for this itroiner 


tures No strainer housing is required 
The strainer is installed in the tank 
and the oil or coqlant is piped direct 
from stramer to pump Strainer units 
are a unique combination of wire and 
cotton, inter-knitted mto a mesh by 
machines especially developed and 
designed for this purpose This makes 
a strong, non-collapsible strainer unit 
All have a large strainage area Excep- 
tional capacity to ly>ld dirt, grit, and 
chips can be provided in the larger 
units where there is sufficient space 
for mstallation These strainers are 
made by the George Butler Company 

GOGGLES 

Kept Free of Moisture 

By Wearer's Breath 

Normal breathing has been harnessed 
to make a natural ventilating ^^pump” 
for a new goggle which cannot cloud 
up or fog, regardless of how much 
the wearer perspires Fitted with a 
bulbous nosepiece, the new fog-free 
goggle IS powered by ordinary lung 
action Normal breathmg sweeps a 
complete change of fresh air m front 
of the wearer’s eyes many times a 
minute This action removes moisture 



Air 1$ drown through intake ports 
of the goggle os the weorer mholes 


fiom within the goggle before there is 
enough of it to condense as fog on the 
plastics goggle lens 
The new goggle, designed by Polaroid 
Corporation engineers, has flow chan- 
nels built into the goggle frame to 
guide air circulation efficiently 
Inhalation draws air through the in- 
take ports of the goggle The air then 
sweeps across the inside of the lens, 
and passes through an inlet valve into 
the nose Exhalation closes the inlet 
valve and opens the outlet valve in the 
base of the protruding nosepiece 

MACHINE SPEEDS 

Determined with New 
Electric Indicator 

Sturdy and accurate, a new electric 
speed indicator makes it possible to 
determme and to set proper operating 
speeds in a broad new field of applica- 
tions 

The Reliance electric speed indicator, 
which gives accurate readings of speeds 


from 100 to 5000 revolutions per minute, 
consists of two units The pick-up unit, 
a miniature six-pole alternator with a 
permanent magnet rotor, is mounted 
on the shaft whose speed is to be meas- 
ured The indicator, a permanent mag- 
net, moving-coil type, meters the pick- 
up output on a 3% inch scale which 
covers 95 degrees of arc The resistance 
of the indicator has been made suf- 



Electricol spced> indicating scolt moy 
be located remotely from the machine 


ficiently high so that the size or lengths 
of the leads connecting the units will 
have no effect on accuracy, and the 
indicator may be located at any dis- 
tance from the pick-up unit The in- 
dicator IS not affected by other mag- 
netic material, and there is no loss of 
accuracy due to length of service 

ALLIGATOR-JAWED RIVETER 

Exerts Powerful Bite, Acts 
as Own Backer-Up 

In many modern aircraft plants, alli- 
gator-jawed compressed-air riveters 
are exerting powerful bites in doing 
their jobs of fastening two metal parts 
together Whether the job calls for Vh- 
inch steel, 5/32-inch Duralumin, or 
3/16-inch aluminum rivets, the 
pound hand riveter completely and 
firmly heads each rivet for safe flying 


Compressed air, of course, is a vital 



Compressed air squeeze riveter ot 
work in speedy oircroft fobricotion 


form of power in most every war plant, 
whether aircraft, shipping, or ordnance, 
but among the more congmon applica- 
tions of riveting, drilling, brushing, and 
reaming, none is more dramatic and 
none answers a more difficult mass pro- 
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luction problem than the compressed 
lir squeeze riveter. This modem de- 
velopment of air-powered tools acts as 
ts own backer-up and riveter 

CORK-FILLED TAPE 

Stops Drip 

From Cold Water Pipes 

A CORK-FILLED; pliable tape is being 
manufactured for installation on 
water pipes to stop drip from conden- 
sation Bearing the trade name Nodrip, 
the tape is s^id to be quickly and 
easily applicable without the need of 





Tape that stops drip moy be opplied 
regordless of shape of pipe joints 


tools or special skill Forming a sealed 
jacket around the pipe, it requires no 
maintenance and lasts a long time 
The tape is normally brown in color 
but can be painted 

PORTABLE WELDING GUN 

Solves Problems in 
Stove Assembly 

Helping to overcome manpower short- 
ages and speeding the delivery of cook- 
ing ranges to the Army, Navy, and 
United States Maritime Commission is 
the pioduction record of a heavy-duty 
portable spot-welding gun installation 
at the Washington Stove Works The 
installation was developed and pro- 
duced by the Progressive Welder Com- 
pany 

These range assemblies were form- 
erly riveted, the process requiring IV 2 
hours or longer As the body of a large 



A tpof-welding 9«ii; luspanded above 
the work, solves production problems 



15,000 1077 

FORMULAS PAGES 
HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily 

$5 50 postpaid (Domestic) 


SCIENTIFIC AMERICAN 

24 West 40th Street, New York 18, 
N Y 


YOUR 

OPTICAL IDEAS 


Can be developed by 
capable optical engineers 
in our Post War Planning 
Department More than 60 
years of experience de- 
signing, manufacturing 
and testing optical sys- 
tems assures sound and 
practical solutions of your 
specific optical ideas and 
problems 

Inquiries will receive 
prompt attention 


Win.M0GEY&!;0N$,MC. 

Eslabbshett 1882 

PLAINFIELD NEW JERSEY 


★BUY MORE WAR BONDS* 


For Scientific and Technical Books 
Try our BOOK DEPARTMENT 
SCIENTinC AMERICAN 


FORECAST fhe 
weather more Intel- 
Leather OIaO l»gently. The ACE 
^WEATHER DIAL is 
a scientific instrument that gives you 
a more accurate prediction from the 
reading of your own barometer The 
ACE DIAL shows a dozen variations. 

PeiPpofd $1 00 in U S A 

W. H. REDDING 

5105 Newholl $f Philadelphia 44, Pa 


IHPBOfED SUPEB DBILL GBINBEB 

Grinds round shank drill points from No 
42 to U/io" diameter Guilds old drills like 
new Grinds short, medium and long twist 
drills up to 11" The qrmdcr that gives 
a rounded point 

MONEY BACK GUARANTEE! 

GRIND YOUP. DRILLS LIKE I AC- 
10RY IN 25 SECONDS’ Get a perfect 
tenUi and clearance in four different point 
angles — 4^* — 59* — 69“ and 88“ No machine 
shop oi work shop should be Without the 
sui cr drill grinder 

Ask your jobber to supply— jf he enntif)! scr\e you, mail vout check or monev order for 
only $2 9S» with your printed addrc'^s — the SUPER CiRINDER come to >ou by return 
mail, }>o8tage paid 

The ideal tool for 
the hobbyist 1 « 

Available now— 

Buy It today ^ 


A. D. McBURNEY 

M* WIST «TH miiT, PIPT SA-4 

lOI ANGIIIS 14, CALIFORNIA 



ONLY $3fS COMPLETE! 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contains a message of particular impor- 
tance to production men This is your 
opportunity to obtain a copv of this 
famous book, which has been aescribed 
as a **turniBg point in the lives of liter- 
ally thousands of 

* Although 'Torging Ahead in Busi- 
ness** has neen distributed to more than 
3,000,000 men. today*s timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while jpreparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjeas of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another. Thus, 
a helpful, over-all picture is provided. 

Said one man who had sent for 
*Tofging Ahead in Business’*. 

**In thirty minutes this littlf hook 

f ave me a clearer picture of my 
ustness future than Vve ever had 
before.*' 

• . • and that represents the opinion of 


the Institute's 400,000 subscribers, f»- 
cluding 134*000 production men! 

The booklet further explains how it 
is possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in ’'FORG- 
ING AHEAD IN BUSINESS** are- 
Alfred P. Sloan, Ir., Chairman of the 
Board, General Motors Corp., Thomas 
J. Watson, President, International 
Business Machines Corp., and Frederick 
W. Pickard, Vice President and Direc- 
tor, E. I. du Pont de Nemours & Co. 

SoDil for 

"FORfilMG AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual— the man with 
ambition and ’’drive**— ’’Forging Ahe^d 
in Business** has a message of distinct 
importance. If you feel that it is in- 
tended for you, don’t hesitate to send 
for a copy today. Simply fill in and 
mail the coupon oelow. 


ALEXANDE 

R 

aicxaiMkr H«mUtCMi lamkms ^ 

Dm. 15, n Wwi25f4St|m,N«wYoA l§,NtwYoA 
InLeosdo, 54 Wtllinstae SttM Wmc, Tofoeia 1, 0« 

HAMILTOI 

N 

... .. . .* ..... ....... .... 

Firm Namt. 

INSTITUTE 

Business Addrvss . 


0 

Fosmoo 

Home Address 


range is too heavy to be spot-welded 
on conventional stationary equipment, 
a spot-welding gun— Hsuspend^ by 
cables from above and counter-bal- 
anced so that it can be moved in any 
direction— IS used. This permits the 
electrodes to be brought to bear read- 
ily on any desired pomt of the range 
body, cutting production time for tl^ 
assembly operation to 15 xmnutes or 
less. Possibihties of either burning the 
metal or underwelding are eliminated 
by automatic time and heat controls 

RADIUS BRAKE 

Specially Designed 

For Aircraft Steels 

An entirely new product, the Di-Acro 
radius brake was designed and 
developed at the request of aircraft 
manufacturers who required a preci«^ 
Sion machine capable of properly form- 
ing duraluminum, chrome molyb- 
denum, rust resistant and spring tem- 
pered alloys, and various other low 



Fracture of low ductile metolt is 
olmost Impossible with this broke 

ductile materials essential in the fab- 
rication and production of aircraft 
This precision radius brake elimi- 
nates the possibility of fracture or dis- 
integration developmg at the Ime of 
forming, while working such materials 
The extreme flexibility of the brake 
makes it an ideal umt for testing and 
determinmg ductile qualities of a wide 
variety of alloys and substances. It is 
adaptable for an almost unlimited 
range of laboratory and experimental 
research work, preparatory to select- 
ing proper materials and developing 
the desispi of experimental or finished 
working models 

TRANSFORMER 

Provides Continuously 
Variable Voltages 

Extreme flexibility m altematixig- 
current voltage control is said to be 
a feature of the Gulow Vari-Former. 
Voltage is continuously variable— 
witihout circuit interruption— from zero 
to maximum values* A self-aliniiig 
silver contact, controlled by a single 
knob switch, provides small increment 
voltage change throughout the range 
of die device. No carbon brushes are 
used. Incremeuted increase Is ptt ^ 
order of 0,75 vdts or^Iess. \ * 

Standard units are auto-tratistohkier 
type All working parts and windings 
are protected by a ventilated shell 
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SAVE 


\JPTO 


m 


ON TECHNICAL BOOKS 

QuanttttM Limited 
Order Now 


TicU Author 

Origins! 

Price 

NOW 

Baking Powders 

Jdandslsohn 

84 00 

82 SO 

Hair Dyei OC Hair Dyeing 

Radgrove 

5 00 

2 30 

Chemical French 

Dolt 

4 00 

2 00 

Plant Growth Substances 

Nicol 

2 00 

1 23 

White Shoe Dressings and CUanert 
W D John 173 

100 

Chromosomee 

Whim 

1 30 

1 00 

Chemical Species 

Tunmormans 

4 00 

2 00 

Private Generating Plant 
Proton 

2 30 

1 75 

Roof Construction 6C Repair 
Molloy 

2 30 

1 75 

Substitutes 

H Bannatt 

4 00 

2 30 

Superhec Manual 

Cacum 

2 30 

1 73 


WirdcM CoiUi Chokct tc Tranfformeri 



2 50 

1 75 

Book of Garden Improvements 



Brett 

2 30 

1 25 

Manuel of Endocrine Therapy 



Qnberg 

3 23 

2 00 

MUling Practice 



Molloy 

2 00 

1 00 

Plastic Moldttm 

lEserU 

400 

2 00 

Tropical Fruits 



Sukh Dvel 

2 75 

1 75 

Welding Sc Metal Catting 



Molloy 

2 50 

173 

Engineeri Manual 



Cemm 

2 30 

1 30 

Rancidity in Edible Fats 



G. H Las 

400 

2 30 

Handbook of Mica 



Chowdhury 

600 

3 00 

Utilization of Fats ^ 



H.K. Daen 

6 00 

3 30 

Stromberg Injection Carburetor 


Pisber 

2 50 

1.75 

Pumps and Pumping 

2.00 

1 23 

Reinforced Concrete Construction 


Centelt 

3 00 

1 30 

Elementary Mathematics for En 

gineers 

Flaming 

2 50 

1 30 

Press Tools 



MoUor 

2 30 

173 

Jigiy Tools Be Fuctures 



Galea 

4 00 

2.00 

Methodi BC Analysis of Coal BC Coke 



130 

1 00 

AviedoD Instrument Manual 

300 

3 00 

Wiring Circuits 



Stuett 

2 50 

I 30 

Modem Oil Engine Practice 

E. B^lloy 

300 

300 


jTo abovs prktt add 10 canta domaatic poauga 
ror aach bow For feratgn poataga add 35 caota 
lor aach book ) 

(Alt pricaa aubjact to changa without nocica ) 

SOENTinC AMERICAN 

24 Woit 40 lli Kmw York 18 . N. Y. 



Smooth control of tronsformer volt* 
ogo It provided in smoll incrcmenti 

from dust ond mochanical damage 
Wmdings are on shell type core, im- 
pregnated for immunity to moisture and 
humidity 

PHENOLIC GLUE 

Can Be Extended with 
Wheat Flour 

A HOT-PRESS phenolic glue, Plaskon 
810-12, extensible with wheat flour, 
permits imusual economy while meet- 
ing strict performance standards in 
plywood and furniture panel stock 
Used without extension, the new glue 
meets the most rigid requirements in 
water and weather resistance Plywood 
made with it can be used under pro- 
longed or constant extremes of tem- 
perature and humidity The glue line 
is more resistant than the wood to the 
effects of fungi, acids, alkalies, oil, 
grease, fumes, and aging Under the 
most severe service conditions the un- 
extended glue outlasts the wood itself 
At its maximum permissible exten- 
sion with wheat flour — equal parts of 
resin and flour — the new resin assures 
a bond that will withstand a three- 
hour boil test without delamination 

BEARING WASHER 

Makes Use of 
Lowly Orange Juicer 

\A/hen the problem of washing bear- 
ings for gyros came up at the Bay 
Manufacturing Division of The Electric 
Auto-Lite Company, engineers whipped 
It by reverting to a regulation orange 



BOLD PIPEt eOMDUIT 
•Id TUBE BENDINB MACHIIIEI 

18 Itiet CNid TVpm Avollabi* 

A fevr of our A4ero Than 12,000 
Cusfomorf 

iurtotf of Sbipi, Wotk , D C i HMirv J, 
Koltor Co , Collf I Pociflc BHdgo Co , 8omlo» 
kom-HtAfKam Shipyardc; StoodonJ Oil €o#| 
I. I Du Pent do Nomouro 
a Co } Oonorol Eloctric 
Co i Cron# Co 


Free printed matter on 
requeit 

AMERICAN PIPE SEND* 
INO MACHINE CO , INC 

World $ Largeet 
Manufacturere 

79 Pearl St , Boston, Mass 


S 

If '■$ ^ ^ 


\ It 


ALNIOO Poekft Plocoa 11/16* k 6/16* s U* 
150 to 1 Rntto 356 S 


pMr (iS 


^ for II 00 
with 

HOP 


BKSmEKWnam Tnnamlttor B\ 

16 pnga Kxparlmanto Booklat 
l\k k ISk AO no Tolt Clock Motor, 

3 rtToluuona par minuta $3 06 

O&a omporo Mareury Swltob. 

long laada 356 4 for II 00 

BLAN, 64E Day Sfroat, Now York 7, N Y 


iinuf Rapair yonr own 
NUn ELECTRICAL APPLIANCES 

CHANITB S«tf-W,bSiig BLBCTRICAL 
HEATING ELEMENT dus GaouMu 
omouttt, uiatrticdoni oncloaod 81.00 
postpaid 

CHANITB BALES COMPANY 
214 Sowlb Moin Port Worth 4, Toxoa 


LeoYing the kifolien, o frgit Jglctr 
becomtf on initniment boonng woihor 


Tba BlBory Slid* Bolo 
equola » 20 loch atrolght 
allda rula in preolaUm 
Bm O, 01. A. K. Lm. LLl. 
XX2. LU. lIi4.^Bmory 
i Olraa Trig f unetlena to 
Add and Bubtroet Benias 
[1 minuta from 0 to 90 
‘igreaa Tba cnglba-dl- 
dad aoUaa ora on wbtta 
•munalad maUl PtrBi%> 
bCBUy aecurote. Dio IW 
Lorga flguroa and grodno- 
tlcos ellmittoto ayaatrola. 
Exoaptlonol volua ood 
ntiltM Prloa with taatraaflona 15 00, eoah «r , 
OO.D Durobla eosa OOc astro Olrenlora frif J 
Tour monaar book If you ort not entirob sotiaBad. 1 
QUsoo Bllda kola Ca , Bloori, no. | 

■Udo Rula Mokars sinca 1011 



INVENTORS 


NMflSTHCTlMCTO 
PETEBTYOUE INVENTIQN 

Mkottfoctureri everywhere 
ore buying potent r^ta 
now, 00 they will hove 
new hems to moke ond 
sell lor civilian consump* 
tion at aoon at the war 
IS over You should look I 
ahead to the future, too. j 
Protect your invenflon / 
and yourself by op 
for a patent now. 

BET HIEE LATENT BUlOE’’ 

Our free 48 page ''Patent Guide** tetto 
what details are necessary to anply < 
for a patent , and countless other factt 1 
you will want to know. Mail coupon I 
for Free "Patent Guide** and "Record ] 
of Invention** form today. 


CLARENCE A. OBRIEN 
E, HARVEV B. JACOBSON 


Reglitarfd Patent Attomeyi 
55-B Adama Bldg.* Washington 4, D. C. 
Please tend your 4B-Page ''Patent Guide" 
and your "Record of Invention** form 


Name 
Addreao. 
City . 


I 

This requeit doei n^ obligate me. I 

I 

J 


StM. 
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Wf^rREEIIffiMIIKM 

DATiim 

■vMwnuui Mum 

■ c.ii.sii«w«c«: 


lt*$. Ftrt4mt AuvrmtpSiiut 1875 

4Sf Smw BMCi 1 • P> !• 



(iMtrit HMliiw ElMMnU N«w Vw Cn Ripair Tkw 

USE NICHROCITE PASTE 

fllmplr OTwrlAp Mkdf . apply 
Niohroclta Put« and turn 
on eurrant UMd by large 
utility oompaniae Trial 
order, ll 00 4 oi . 03 SO, 

1 pound, 00 00 

Advwica Co., lox 041 »SA, Mlnnaopolla, M i n 




ANYONE CAN USE A SLIDE RULE 

No math background needed If you have the 
PRACTICAL SUDS RULE MANUAL by J M 
Klock nuthematlclan for the U S Navy An 
absolutely non-technical explanation of how to 
really use a slide rule for fundamental opera- 
tions For shop oIBce students Simply written 
Illustrated 

Send $1 00 to 

Slide Rule Box 2293 Detroit 31 Michigan 



On the Threshold of Danger 

Strange Things Happen! 

Have you ever sensed the imminent 
danger of a loved one —even though 
he IS across the sea or continent > 
Have you been suddenly awakened 
by the call of your name — realize 
that the one who spoke it was thou- 
sands of miles distant ^ If you ever 
had these experiences — as millions 
now havejearn the truth about them 
Love and frtendthtp create a bond of 
consciousness between humans This 
consciousness can be extended to 
bridge the voids of time and space When 
human souls are bared under great emotional 
stress then this /«</w elltni faculty is released 
Learn that there is far more to life, to the full- 
ness and glory of living than you suspect 


Accept This FREE Book 

Let the ROSICRUCIANS ( n6t a religion), 
a worldwide organization of thinking men 
and women, show you that material limita- 
tions need not actually separate you from 
those y ou lo ve- Convert the mysteries of 
your being into intelli 
gible, usable laws of ac- 
complishment Write 
today for free copy of the 
book The Mastery of Life 
It will explain how you 
may share these startling 
truths of self 
Address Scribe OrA.L* 

Rosicrucians 

SAN JOSE ( AMORC) CALIF 



squeezer. The bearings are sunply put 
in where the orange used to go, then a 
spray of oil is sent over them as they 
whirl around in the container. The 
bearings are taken out by tweezers, 
never handled by human hands The 
cleaning fluid drains from the spout. 

PRESSURE GAGE DIAPHRAGMS 

Can be Successfully Welded, 

Eliminating Crimping 

Diaphragms for sensitive pressure 
gages are now being produced by 
seam welding instead of the old method 
of crimping and soldering the edges 
Formerly made of beryllium- copper, 
or phosphor-bronze, these diaphragms 
are now manufactured of stainless steel 




A pressure gage diaphragm, showing 
welded seam that eliminates crimping 


and Monel, ranging from 0 006 to 0 008 
inch in thickness 

Before resistance welding was intro- 
duced, two separate stampings had to 
be made, allowing an extra flange on 
one stamping for crimping, now, two 
sections of the same stamping are seam 
welded together This has produced 
a better diaphragm at less cost than 
was heretofore possible 

INJECTION MOLDING 

Produces Plastic 
Parts Readily 

example of what can be done by 
injection molding of Tenite plastics is 
shown in the accompanymg illustration 




Pencil farrvles art mode of plosfics 
by moldiitg 120 of them in one costing 


Of NEW ond PRACTICAL 
Portnulos From Every Impor- 
font Industry Will bo Pound 
in fho Latest Edition 
ot 

The New Chemical 
Formulary 
(Vol. 6) 

■dited by H. BENNETT 

From adhesives to textiles, accu- 
rate formulas are given for a 
multitude of products Alloys, 
beverages, oils, cosmetics, paints, 
polishes, are just a few of the 
subjects covered. 

Important today is the chapter on 
substitutes. 

Suppliers of chemicals are listed, 
with addresses, for convenience in 
locating needed materials 


635 Pages 


$6.10 postpaid 
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Scientific Americim’s 
two telescope books 

AMATEUR TELESCOPE 
MAKING and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 

were prepared before the war, with 
out the slightest thought of sale to 
professionals. Came the war Hun- 
dreds of new optical industries 
sprang up Fewer amateurs found 
time to make telescopes yet sales of 
these books increased^ Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 
For their Technical staffs 
For their Workmen 
Why? 

Because the basic principles of pre- 
cision optical work, whether pro- 
fessional or amateur, are alike, these 
two books are in nearly every optical 
industry’s offices in the nation They 
•’rate.” 

Amateur Telescope Making $4,00 
postpaid, domestic; foreign $4,35 
Amateur Telescope Making ^Ad- 
vanced $5 00 domestic, foreign $5,35 

SCIENTIFIC American 

2 « WMt 4 Mi St. Nmt Ywk IS, N. Y. 
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Serviceable ferrules for pencils are 
produced rapidly by this process, 120 
of them being made in a single casting 
It IS claim^ that, smce Tenite is 
resilient, such ferrules will grip both 
the pencil and eraser firmly without 
splitting or shpping 

CHECKING SET 

Measures Accuracy of 

Hardness Eqwpment 

MASTER diamond checking set, for 
checking the accuracy of hardness test- 
ing equipment, consists of a gold-plated 
^diamond penetrator and two test blocks 
The penetrator is carefully made to 
exceedingly close tolerances to give the 
highly accurate measurements required 



For checking hardness testers 


for checking readings Smce it is de- 
signed to be used only for checking 
purposes, it retains its original accu- 
racy for a long period of time When 
checking, the master diamond pene- 
trator replaces the regular penetrator 
in the machine 

The same is true of the two master 
test blocks Held to extremely close 
limits, they are used only in connection 
with the master diamond The result- 
ing combination furnishes an accurate 
check of the machine, either as a 
periodical measure or whenever read- 
ings may be in doubt The Clark Master 
Diamond Checking Set is furnished 
ready for use in a fitted case 

PICKING STICKS 

Have Long Life When 

Made of Bonded Wood 

The Australian textile industry is us- 
ing resin film with great success in 
bonding woods for the picking sticks 
which throw the shuttle back and forth 
across the loom Acute shortages of 
hickory led to the development of 
the new tjrpe pickmg stick The service 
life of these bonded sticks is reported 
to be from 1500 to 2000 continuous op- 
erating hours, contrasting with other 
wood sticks which gave an average 
loom life of 25 hours No splitting or 
mechanical failure occurred durint^ 
the periods of normal operation, and 
the laminated sticks are discarded only 
when completely worn out 

After Pearl Haibor, Australian sun- 
plies of hickory picking sticks from 
this country were cut off Sticks made 
from woods which were brittle or of 
crooked gram broke after short periods 


and the stress concentrations in badly 
shaped or roughly finished sticks 
hastened failure. It was discovered 
that, m the manufacture of laminated 
and compressed woods bonded with 
resin, any desired mechanical proper- 
ties could be obtained merely by in- 
creasing or reducing the amount of 
resin impregnation. 

The resin film now being used is 
a special phenol-formaldehyde type 
manufactured by the Resinous Prod- 
ucts and Chemical Company In the 
bonding opieration, wood veneers are 
permanently fused together with the 
film in a hydraulic press under heat 
and pressure, yielding plywood which 
withstands boiling water, mold, heat, 
and freezing 

BAILER'S GLOVE 

Designed to Protect 

Wire Strappers' Hands 

T HE GREATLY increased use of wire and 
steel tape for preparing shipments has 
made imperative a special type of hand 
protection for the operator of the 
“strapping machines'* To meet this | 



Proof agoinst wire and steel tape 


need the Industrial Gloves Company 
produced a glove with a palm patch of 
chiome tanned cowhide for extra serv- 
ice The base glove is gram leather, 
assuring comfortable fit The fingers 
and thumbs are left open to increase 
flexibility and permit the easy picking 
up of tape, or wire, and small tools 


VOU INVINT 

Our inUCJI BOOK, tolls you whmt !»• 
day's mvontire marlcot wants — bow to 
put down, patent and sell your ideas. 
Scores of letters in our files attest to 
the modem demand for iarentieni — 
our long expenenee as Registered Pat* 
ent Attorneys will help you Get our 
FREE BOOK, "How to Protect, Fi- 
nance and Sell Your Invention." Also 
special document free, "Invention Rec- 
ord" on which to sketch and desert 
your invention. W nte today N o obligation 

MeMORROW a BtRMAft 

Patent Attemeys 

17S3 Atlentic lldg , Washington 4, 0 C 



Experinental anl Malal Mark 


nae 

invsDtlooa 
Soeelal Tools Dlea 


and Fine II 
IS Devslqped 
M Oear Oiittli 
HENRY ZUHR, Inc , 1g7 Lafoyette St , N Y 13, N Y 



Army Auction Bargains 


Musket screwdrivers, 3 for $0 30 

Flints, assorted, 10 for 1 00 

Krag reor sight, Model 92 1 00 

Codet cart box, block 30 

Stote buttons, 5 different for .73 

Carbine boot, 13 Inch, block 40 


Prices do NOT Include postage 194*) catalog 308 
pages mailed for one dollar Circular for 3r stamp 


FRANCIS BANNCRMAN SONS. 501 Broadway, N Y 12 
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The Editors Recommend 


Carrtnt Bullitin 
Brills 


rmOCEDtiRES IN EXPERIMENTAL PHYSICS — 
By John Strong, PkJ}» A we*lth of uieful daU of 
a mraotieal kind for tko constructor, experfmeoter* 
■ad ikllled craftsman 80 

STEEL SQUARE POCKET BOOK — By Dwight 
L* Stoddard Practical methods for nsiug the car 
pentcr’s steel Mfuare for layout work of all kinds 
Time tried methods used by two fenerations of car 
penters and found both rapid and accurate 81 00 

MANUAL OF lABORATORk Cl ASS-BLOWING 
— Jly R H Wriuht \ practical book containing 
latest information on the fundamental operations 
of glass blowing, both elciutntury and advanced 
9() pages, illustrated 88 60 

TOOL MAKING — By C. Af Cole. Instructions for 
makin g and nslng all kinds, from peraonal tools to 
arbor prossea, Uthes, planers, etc , in different 
metals. 88 60 

TECHNIQUE OP PLYWOOD — By Charles B 
NorrU Teohnioal information on all phases of ply 
wood manufacture and use, compiled for engineers, 
designers, and users of plywood Important to 
many phases of wartime housing and manufacturing 
problems 88 SO 

OPTICAL WORKSHOP PRINCIPLES — By CoL 
CkmrioM Davi War time translation of a French 
work on precision shop optics, with heavy emphasis 
on actual handiwork Covers glass, abrasives, cements, 
mechanical theory of working optical surfaces, sur 
facing, tests, centering, and so on 86.10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A elaasio reference book recently revised and hronght 
■p te-date to keep pace with recent research In 
eludes material on all branches of chemistry, physics, 
and allied sciences Used in laboratories and by 
engineers throughout the country Flexible binding 
tS71 pages 84 10 Foreign 84.50 postpaid 

ATOMIC ARTILLERY — By John KoUack 
Bobort 90 n» Electrons, protons, positrons, photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language Also transmutation of the 
elements and the manufacture of artificial radio- 
activity 88 88 

EXPERIMENTAL SPECTROSCOPY — By Bmlpk 
A. Jossyor. Covers theory and types of spectroscopes 
and speotrographs, mounting and use of gratings, 
determination of wavelengths, infra red spectroscopy, 
spectrechemical analysis, and so on Somewhat 
elementary hut requires knowledge of physios and 
some physical optics 88 10 

EXPERIMENTAL ELECTRONICS — By Rmipk 
If. Btmllor, IL L, Gortnmn, and M E, Drom, 
A solid book of eminently pratloal Information on 
Ae characleriitics and non communication applies 
tlens of electron tubes The text describes experi 
ments and presents results For students, radio 
engineen, commonlcations experts, and the serious 
general reader 84.78 

PRISM AND LENS MAKING — > By P Twymmn 
A wide variety of notes based upon a long lifetime 
of practical optical shop work Not a full step by 
step manual but a valuable working aid to the ad 
vanced telescope maker and others in optical work 
While the text deals ostensibly with professional 
quantity production, much of it is basically appUc 
able to single piece work, 8^60 

PLASTICS — By /. H. DuboU, Revised enlarged 
edition of an important work on the whole |eo 
cral subject of plastics, plus much new mat^al 
on synthetic rubber manufacturing processes, and 
plastics ffioldings 88 88 


Best Sellers 
In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Hardid C KMy Definite, outright, practical in 
•tructions on watch making, repairs, and adjustment 

88 88 

SLIDE RULE SIMPLIFIED — By C O. Hmrrt$ 
How to use a slide rule without any of the mystifi 
cation that often anrrounds this important tool of the 
engineer Excellent Illustrations make everything 
clear 88 60 including a slide mlet for book alone 

88 60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl A well written account of this newest 
toor of science, with all technicalities explained fur 
complete understanding by average person 88 98 

A COURSE IN POWDER METALLURGY — By 
Waltor / Baomm A sound view of the overall sub 
ject of powder metallu^ which will serve as an 
excellent guide and reference hook 88.60 

THE PHYSICS OF MUSIC — By AUaandmr 
Wood, D So Technical scientific treatbe covering 
the border line between science and music Nature 
of sound, resonance, pitch, the ear, musical quality, 
and so on is its scope It gets down to tangibles m 
a scientific sense 88 10 

PLASTICS, PROBLEMS AND PROCESSES — By 
Maurpargmr mud Poppor, The whole story of pies 
tics, including a resume of manufaetnring processes 
and a number of thorough going chapters devoted to 
plastics uses 88.10 

THE FUNDAMENTALS OF CHEMISTRY — By 
Monroa M 0§uwr This text introdnoea Ae reader 
to elements, electrons, acids, alkalis, and so on, ami 
then covers chemistry and its relationship to every 
day life 80 eenu 

ELECTRONIC PHYSICS — By Hootor, loin, and 
Seoislwfs. A simplified text for those who desire to 
acquire a sound basis tor following the advance of 
applied electrotifca 88 88 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — - By G F D'Alolio 
How to prepare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

88 10 

FUNDAMENTALS OP OPTICAL ENGINEERING 
— • By Donald B iaeobg This new work starts 
out at the very beginning is mainly non mathe 
mstical, and Is probably the best salted of all 
existing books as an introduction to optical design 
Author is a physicist at Bureau of Standards 85 10 

FUNDAMENTALS OF PERSPECTIVF — «v 
Tkoodorm DoPo$tM$, A I A A method of showing 
the order, or sequence, in which lines of a perspective 
are drawn Use of colors, numbers, and arrows 
eliminates much text found in other books on this 
subject 20 loose sheets in binder 88 60 

MACH1NERY*S HANDBOOK — IZik Edition 
“Bible of the mechanical industry,'* 1815 pages 
of latest standards, data, and information required 
daily in Ae shop and drafting room 86 10 


The above prices are postpaid In tkm Upltad Statas* Add, on faroign orders, 
S8s for postage aw aaak baak, gsaapt aa natad. 

(All prices subjo^^ la ehanga wlihottl natlea.) 
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Vi riu lie fttr iiifartiiation on books on any subjeeuWe cait suptdy any book in print. 


Conducted by K. M. CANAVAN 


(The Editor will appreciate it 
if you will mention Scientific 
American when writing lor any 
of the publications listdd below ) 


Production Management and How it 
Affects PRODUcnviTY, Costs^ And 
Employment is a 40-page booklet deal- 
ing With the problem of full employ- 
ment or unemployment after the war 
The aims that are outlined are based 
on experience in over a thousand plants 
and there are sections devoted to work 
measurement, method improvement, 
production control, job evaluation, and 
incentive Wage plans for production 
workers Albert Ramond and Asso- 
ciates, Inc , 6300 Chrysler Building 
Nett) York 17, New York — Available to 
executives only 

The Interesting Story of Plaskon 
Hesxn Glue is a 28-page illustrated 
booklet based on the story of this new 
and versatile production tool This 
booklet covers the history of glue, the 
development of the new resin types, 
method of using them m fabneatmg, 
and a great many present-day apphea- 
tions Lihbey-Owens-Ford Glass Com- 
pany, 3112-24 Sylvan Avenue, Toledo 
6, Ohio — Gratis 

Belden Acid-Proof Brick Floors is a 
16-page brochure describing a new, 
permanent, acid-proof brick floor de- 
signed as a universal workmg surface 
for all branches of mdustry The fol- 
lowing claims are supported by tech- 
nical analyses made by three testing 
laboratories minimum absorption and 
high resistance to sudden temperature 
changes, acids, and heavy impacts 
Belden Bnck Company, Canton, Ohio 
— Gratis 

X-Ray Diffraction — an Industrial 
Tool is a reprint of a technical article 
describing the equipment and indus- 
trial applications of the analysis of 
raw materials by x-ray diffraction 
North American Philips Company, Inc , 
100 East 42nd Street, New York 17, 
New York — Gratis 

Industrial Heat and Power Conser- 
vation Manual is a 20-page manual 
based on simphfled, practical methods 
for stretching fuel supplies. A **Heat 
Loss Estimate Sheet*’ is included to 
aid m step-by-step calculations for 
survey use in plants Industrial Min- 
eral Wool Institute, 441 Lexington Av- 
enue, New York 17, New York — Gratis. 

Geared To Your Tomorrow is a 24- 
page booklet presenting a formal pre- 
view of the company’s post-war plans 
for their mechanical division. Two 
major fields of endeavor are outlined* 
first, to produce precisi^ devices for 
mdustry and to offer the services of 
its development and engineering stail 
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VEEDER-ROOT INC. ; 


PUT YOUR PATENTS TO WORK 



TITAN SLIDE ROLE 

6* diwmotwr XatUy r«»d elMrt/ 
nuurked ilngto Index eoelte Qlvee 
loferltbms, reelproceli. squp^ree. 
swttwre rooti. einei, end Ungentc 
Ctontlnuouf clrouUr oeUbretlonn 
oennot go **off •scale *' Invaluable 
In mumpUeatlon. division, pro- 
portion, oonverslon. all matho- 
matleal problems. Made of dur**- 
ble heavy pure white Vinylit* 
Complete with instruetlons, $3 00 Leatherette ease 
7So additional Money-back guarantee 

PRSCISION INSTRUMENT CO 
Box d54. Dept AA, Church St Annex, New York 7 



★BUY MORE WAR BONDS^ 


MAGIC ELECTRIC WELDER 

110 voH AO-XXl. welds, brasoe. solden. onis 
all metals, easy to use, tuU dlreetions Oom- 
plete with power unit, flame a^ metMUe m 
attaehments. earbons. fluxes, rods. 
by the Navy. Nor profesmoital or bobbfist. 
CWyllOM 

MAGIC WELDER MFG. CO. 

239 Canal St Dept PA-S New York City 



(9 X om X 74 T X SS) .4. (MS X .0091 x 00) 
s: 10044+ 

What aboot tho doctasal poixtf Plm it 
mid accundoly with tho Dodumlisoe. rodiM 
Nee^ lx loaihoe coso, S2.50| uM mM (mi^ 
dplyixfl axd dividiax) ocOo, 03 . MotMT-bocfc 


GEORGE H. MORSE 

917 lilh SI SmHi ArOm lex, Vx. 


POCKET 

UCBOSCWE 

Equipped with fully 
Achromatic Ions sys* 
twn 40X SOX 60X iu 
Muna tuba, Prka 
$15.00 in ioothar cosa. 

L W. PIKE & CO., 

eibtoMi 3, N. J. 


,PIKE 


in devising new precision mechanical | 
products, second, to present an en* 
tirely new conc^t ol pebble electric 
home appliances and home-making 
aids. General Mills, Inc, Mechanical 
Division, Minneapolis, Minnesota. — 
Gratis. 

Qbon Latex-— Gxniral Propertzes and 
Compounding Information is a six- 
page technical bulletin dealing with 
the nature of Geon latex, its stability 
and physical properties, and giving 
compounding information on the latex. 
B F Goodrich Company, Rose Builds 
xng, Cleveland, Ohio — Gratis. 

Stop, Look, Listen is a 20-page reprint 
of an address by E. D. Campbell, 
vice president of American Car and 
Foundry Company, that takes a realistic 
view of the present and future of rail- 
roading both from the standpoint of 
competition and from that of rolling 
stock design and construction Ameri- 
can Car and Foundry Company, 30 
Church Street, New York 8, New York, 
— Gratis 

Oil for the World is a 16-page booklet 
that outlmes succinctly a world oil 
policy which will serve Ae best inter- 
ests of all nations. Interesting also are 
the drawings which supplement the 
text Standard Oil Company (New Jer» 
sey), Room 1626, 30 Rockefeller Plaza, 
New York 20, New York — Gratis 

Kitchen of Tomchirow is a smgle folded 
sheet prepared specifically to correct 
some of the erroneous notions that 
have grown up regarding the wonder- 
ous kitchen which the housewife may 
expect post-war The treatment is light 
and humorous, which makes even more 
forceful the impact of the story which 
it tells The Schaihle Company, Sum- 
mer Street, Cincinnati 4, Ohio ’—Gratis 

Silver Allot Brazing, by Col Harry 
R Lebkicher, is an article discussing 
the methods and materials used in sil- 
ver alloy brazing m the Chemical War- 
fare Service with an explanation of 
the procedure and preparation for low 
meltmg silver alloy brazing in large 
production lines. Handy and Harman, 
82 Fulton Street, New York 7, New 
York —Gratis. 

4 

Radium Lustrolits is a four -page 
folder covering the scope and ad- 
vantages of radium paints and their 
applications. Some of the advantages 
claimed for radium paint are its self- 
activating characteristic, its abihty to 
give off a steady glow, and freedom 
from encumbrance of wiring, elec- 
trical apparatus, bulbs, or fuses Lustro- 
life Cleveland Corporation, 6927 Car- 
negie Avenue, Cleveland 3, Ohio- 
Gratis. 

Cold Treating Practice is a 40-page 
informative catalog, profusely il- 
lustrated, which deals with the process 
of industrial cold treating and the 
equipment required for it Specific uses 
and procedures ai^ dealt with in con- 
siderable detail. Deepfreeze Division^ 
Motor Products Corporation, 2314 Davis 
Street, North Chicago, Illinois — Gratis 



iutinxtt Nxcxftity'' 
Soy ExocifNvxs 

159 tefted uses . , . accuracy . operating eaae 
saves time . . speeds work — these are only 

a few of the many reasons why A -PE -CO is 
America's most widely used photo-copy system. 
And A-PE-CO is lowest in price 

Phofo-Coplof Modo Inafontly oft 
LETTERS TRACINGS FINANCIAL RECORDS 
BLUEPRINTS CONnOENTIAL PAPERS CONTRACTS 


lything written, printed, drawn, or photo- 
d, on one or both sides Easy to rea^ per- 


an; 

graphe* . 

manent, legally accepted 

Sond for ThU Uaoful Foldor 

In your own office or *hop, any inexperienced 
employee can make A-PE CO photo-copics No 
technical training No darkroom Needed now 
for reconversion, new planning, sales development 
A PE-CO folder tells you how you can use this 
modern method m your office Write for this free 
folder on your company letterhead — today 
AMERICAN PHOTOCOPY EQUIPMENT CO. 
2849 N Clork St Dapt KH-55 Chlcogo 14, III 
RapratantotivM in principal citiai 
In Canodat Railway & Powar Engtnaaring Cerp , ltd 


INVimrOfiS. Do Nit Diliy. 

ZD order to PROTBOT rour ZDvaxtlox mOjme 
lh§ mnrd that abotud bo yours. PATMIT 
your tnvoDtlon without doUy, and at m bmbo 
tliiio hxvo mOHTS to Ball whan Msnidaotarm 
ooDvort to OlviUnn Prodnbtloa. WrlU ice 
mfonBstlox TO-DAT 


RANDOLPH A SBAVERS 
SS Colwmbion ild«, Wxaht n g H iv P C 




for 
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Eo$y to Pkito CHROMIUM 

GOLD, SILVER, NICKEL, COPPER 
For Ftcosore and Profit t 

If you have a workshup^^at home 
or in business — you need this new 
Warner Llectroplator At the stroke 
of an elcctrined brush you can 
electroplate models and projects — 
you can replate worn articles fau- 
cets tools fixtures silverware etc 
with a durable sparkllnK coat of 
rnetal Gold Silver Chromium 
Nickel CopperorC ndmium Method 
Is eosy simple quick Everythtmi 
furnished— equipment complete 
ready for use hi/ /foing a bit o/ u'ork 
/or othirn, your maeblnr can pay for 
Itrelf uUhin a wcik So make youf 
shop complete by Retting a Warner 
Flectropiater right away Send to- 
day for I REE SAMFLL and Illus- 
trated literature ACT AT ONCFI 
WAXNIX KLKCTXIC DO , OKRT S-2 

643 N. WelU $t, ChUapo 10, IIL 


I WARNER ELEctRieneo I 

I 663 N Wills St„ Cbloaoo 10, Otpt B-2 1 
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Our Book Corner 

THE BOOK DEPARTMENT of Scientific American is conducted, with the co- 
operotlon of the Editors, to make avoiloble for you a comprehensive book 
service Each month the Editors select and review in these columns new books 
in a wide range of scientific and technical Reids In addition, they ore ready 
at ail times to advise you regarding the best available books on any sub|ect 
You are invited to use this service freely Tell our Book Department what 
kind of books- you want, and you will be furnished with the names of ovoilable 
books. Including prices When inquiring about books, please be specifici 
remember thot we can be of the greatest help only when you tell us just what 
you are looking for Books listed in these columns may be ordered from our 
Book Department Add 25 cents per book for mailing outside U S All re- 
mittances are to be made In U S funds Prices given are sub|ect to change 
without notice 

TO AAAKE CERTAIN that books ordered by or for men In the Army, located in 
the United States, or men in the Navy, Marines, or Coast Guard, located any 
where, will be delivered, insurance fees should be sent with orders, as follows 
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Books to Keep You 
Up to Date 

WARSHirS OF THE WORLD 

Kafka and Pcppcrling: editors 
naval encyclopedia ever publi<ihcd^ Tech 
meal data on s- woild navies’ Qoo (.tones 
of warships in World War H front offictal 
souri cs 

book the average \nuncan citizen 
needs for a clear picture of the war at 
sea *’ — Max v Nnvs 
“An eye opener for the Isnd bound 
— FiWrf Arttllrr\ Journal 
1,051 pages 900 Illustrations $1500 

OIVINO, CUTTINO, AMD WELDING 
IN UNDERWATER SALVAGE 
OPERATIONS 

by Frank E Thompson Tr The only book 
of Its kind — indispensable for anyone con 
netted with salviRt 

“An expert on salvage ptcivides an 

excellent compendium on shallow and 
deep water dntng procedure and equip 
inent handling of accidents md injuries 
nnthods of salvage, md iinderwattr cut 
ting and welding’ V S' Waval Instx 
tutt ProtcidxnRx 

Pages $2 00 

METEOROLOOY FOR SHIP AND 
AIRCRAFT OPERATION 

l’»> Peter E Kraght, Semor Meteorologist, 
'ItneruaH Airlines Fspetnllj designed 
for navigators, this prartiod ind autitoii 
t ilive book will piovr invalii dde to ivi 
itor luirincr, or teacher 
“Answers the demand fui a sound text 
book on iurtcotolog> a thorough 

stiulv of this uupoit'iiU subject without 
ponderous complex tormulac “ *- 4ero 
Dilsfst 

,71 Pages Tllusti lied $300 

At your bookstore or Otrett 

CORNELL MARITIME PRESS 

24t W 23rd S» . D<p* SA, New York II 


THE HENRY SYSTEM 
Of Finger Print 
Ciassification 
and 

Identification 

u now in use by most 
of the Police Departments m the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’t. 

“THE FINGER PRINT 
INSTRUCTOR” 

In this 182-paee book, written by a 
noted finser print expert who was 
for many years m the Bureau of 
Criminal Investigation^ New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

^4.25 postpaid 

Order From SCIENTIFIC AMERICAN 
24 West 4Ctii Street, New York IS, N. Y. 


NEW WORLD OP MACHINES 

By Harland Manchester 

D on’t be mislead by the title, the sub- 
title — Research, Discovery, Inven- 
tion — IS far more descriptive of the 
text The author, well known for his 
popular magazine articles on general 
science, has drawn on a vast knowl- 
edge of American industry, obtained 
first-hand, to paint with a broad brush 
an exciting panorama of piactical ap- 
plications Electronics, polarized light, 
fluorescence, engine fuels, gas turbines, 
synthetic rubbers, plastics, powder 
metallurgy, air conditioning, and ma- 
chines on the farm are all pigments for 
his palette With breathless speed, as if 
to complete his work before it becomes 
antiquated, the writer rushes the reader 
through these fields, revealing enough 
to whet the appetite for more Details 
are given of some of the developments 
described, yet not enough to slow up 
the tempo A numbei of clear, simpli- 
fied sketches supplement the text, and 
a comprehensive bibliography points 
the way for the reader who wishes to 
dig deeper (313 pages, 6 by 9 inches, 
drawings, and 21 photographs in an in- 
sert ) — $3 10 postpaid — A P P 

PLASTICS— SCIENTIFIC AND 
TECHNOLOGICAL 

By H Ronald Fleck, M Sc , F I C 

W RITTEN by an English scientist who 
has kept close touch with plastics 
developments m America and Europe 
as well, this solid, meaty text repre- 
sents, in the author’s words, “a criti- 
cal survey of the literature and a cor- 
relation of scattered data of value 
both to chemists in the industry and 
to those whose professional duties 
necessitate a knowledge of the science 
of plastics” Descriptions of reactions 
and details of procedure are complete 
to the last proportion and degree of 
temperature. Raw materials, theoretical 
principles, the chemistry of plastics 
materials, and the manufacture of 
plastics are thoroughly covered, as are 
also rubber-like plastics, thermoplastic 
and ^thermosetting materials, synthetic 
fibers, wood and plastics combinations, 


the manufacture of dies and molds, the 
production of plastics articles, and so 
on There is no glamor in this book 
it IS composed entirely of down-to- 
earth, work-a-day, factual material for 
those who need more than an elemen- 
tal y knowledge of the plastic indus- 
try (325 pages, 6 by 9 inches, a large 
number of drawings and tables, com- 
pletely indexed) — $6 60 postpaid 

YELLOW MAGIC 

THE STORY OF PENICILLIN 

By J D Ratcliff 

T his is the first compiehensive stoiy 
of the mnaculous drug that is one 
of the greatest medical developments of 
the age Beginning with the accidental 
discovery of penicillin, the author tells 
m an intensely interesting manner how 
the drug was coaxed and developed, 
slowly, through many years, by the 
patient, persistent work of such scien- 
tists as Alexander Fleming, Howard 
Walter Florey, and numerous otheis 
Unbelievable are the examples of the 
miracles that this life-saving drug has 
accomplished, especially >Mth those dis- 
eases hitherto thought to be incurable, 
even more incredible is the fact that 
it does not appear to be toxic or harm- 
ful to the patient And now the great 
problem of mass production has been 
worked out so that it is available to 
both civilians and the armed forces 
(170 pages 5 by 7V^ inches, complete 
index ) — $2 10 postpaid — A P T 

PRACTICAL PHYSICS 

By White, Manning, and others 

T he war, which is bringing so many 
persons into technological work and 
other occupations connected with 
science, both in and out of the armed 
forces, has created a great demand for 
practical information on physics on the 
elementary level This book was- pre- 
pared specifically to meet such de- 
mand The emphasis is placed on those 
physical principles that will give train- 
ees the understanding necessary for 
their effective participation in the war 
effort In essence, the book is a stream- 
Imed course in the major concepts of 
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physics for use in the hurry-up pro- 
grams connected with fighting the war 
As such, it IS an outstanding job 
Mathematics has been cut to an irre- 
ducible minimum and the style is 
simple and to the pomt (365 pages, 6 
by 9 inches, with many illustrations ) 
— $3 35 postpaid — J C 

TRIGONOMETRY FOR HOME 
STUDY 

By Wilham L Schaaf, Ph D 

E xtensive and detailed, rather than 
sketchy, is this book written spe- 
cifically for the home-study sufferer 
It explains as it goes, supplying all but 
the perspiration. Numerous practical 
applications of trigonometry, such as 
machine shop problems, surveying, 
navigation, and spherical trigonometry 
are included The author is Assistant 
Professor of Education at Brooklyn 
College Of great value is the fact that 
tables of natural trig functions, a 5- 
place log table, and a 5-place table of 
logs of functions, with numerous 
smaller tables, are included (404 pages, 
5*4 by 7% inches, numerous figures )- 
$ 80 postpaid — A G I 

YOUNG AMERICA'S AVIATION 
ANNUAL 1945 

By David C, Coofce 

A ll about the latest developments in 
aviation and studded with some of 
the most striking photographs of fight- 
ing planes ever printed, is the 1945 
edition of this well-known book de- 
voted to planes and the men who build 
and fly them Growing boys ^ho are 
interested in airplanes will treasure 
this book and pore over it for days, 
that is, if they can pry it away from 
their fathers, uncles, and big brothers 
(222 pages, 6^^ by 9*/^ inches, richly 
illustrated ) — 10 postpaid — J C 

A STORY OUTLINE OF 
EVOLUTION 

By Charles W Gnmes 

B ecause it is permeated with a re- 
ligious atmosphere this book would 
be of use to two categories of readers 
Those who can reconcile science and 
religion and who themselves wish a 
very elementary approach to an under- 
standing of evolution, and readers who 
might present it to fundamentalists in 
order to plant a seed for scientific 
interest on otherwise unreceptive soil 
It probably would please fundamental- 
ists better than scientists It does not 
attempt to go far mto evolution (244 
pages, 5*4 by 8 inches, unillustrated ) — 
$2 10 postpaid —A G / 

THE AVIATION ANNUAL 
OF 1945 

Edited by Reginald M. Cleveland 
and Frederick P. Graham 

T he Annual, edited by experienced 
and well-informed aviation writers, 
will do much to bring both profession- 
als and public abreast of the range of 


developments in aviation as of today 
It is divided into a number of im- 
portant sections, each with a foreword 
by an authority. Post-war Employ- 
ment and Conversion are treated m 
an authoritative manner Commercial 
Air Lines are discussed with the aid 
of some striking photographs Private 
Flying and Airports are given an ex- 
cellent survey The Epilogue deals 
with “Aviation and The American 
Public” A useful though brief direc- 
tory is appended, dealing with organ- 
izations and associations, transport 
Imes, and the like Beautifully illus- 
trated, the Annual gives a vivid and 
highly interesting picture of what our 
aviation is doing in various theaters 
of war, what it is doing m transporta- 
tion, and what it may be expected to 
do in the near future (200 pages, many 
illustrations ) — $3 85 postpaid — A K 

FUNDAMENTAL BUSINESS LAW 

By J F Christ 

A ll aspects of business law are suc- 
cinctly outlined and explained in 
this book in a way comprehensible to 
the ordinary man not encumbered 
with a legal education Those who 
want to have at hand a source of in- 
formation about the fundamentals of 
commercial law to help them m their 
business perplexities will find enlight- 
enment in Dr Chiist’s book In addi- 
tion to the usual headings that come 
under this department of law — con- 
tracts, negotiable instruments, sales of 
goods, agent and prmcipal—there is as 
well a useful chapter on the law of in- 
surance and another on employers’ 
liability for injuries to employees All 
m all, this volume might be described 
as a little encyclopedia of commercial 
law (332 pages, 6 by 9 inches, many il-. 
lustrations ) — $3 10 postpaid — J C 

PLASTICS CATALOG 

1945 Encyclopedia of Plastics 

B etter rush your order for a copy of 
this monumental volume if you 
want to be sure of getting one The 
supply is severely limited and many 
would-be purchasers were disappointed 
last year The text covers recent prog- 
ress in plastics, technical data, mate- 
rials, engineering design, molding and 
extruding, plywoods, coatings, and so 
on, with an appendix consisting of a 
comprehensive bibliography and glos- 
sary (1178 pages, 8*^ by 11 inches, 
lavishly illustrated with black and 
white and color reproductions, numer- 
ous inserted, folded tables, a complete 
index, bound in padded plastics 
covers ) — $6.00 postpaid in United 
States, $7 00 postpaid elsewhere — A P P 

THE PSYCHOLOGY OP INVEN- 
TION IN THE MATHEMATICAL 
FIELD 

By Jacques Hadamard 

J ust exactly how the superior mental 
machine of the advanced mathe- 
matician fimctioHS must ever remain 
to mere human beings a mystery, but 
this little book gives us at least an 


Keep Abreast 
Chemical Progress 


INDUSTRIAL CHEMISTRY 
Fourth Edition 

By Emil Raymond Riegcl 

The most valuable authoritative refer- 
ence work in this important field 
This new edition gives all latest avail- 
able information on industrial chemstry 
Newest developments m synthetic rub- 
bers, synthetic fibeis, explosives, chemi- 
cal warfare and petroleum 
8()1 Pages Illustrated $5 SO 

CHEMICAL MACHINERY 

An Etemenfory Treohse on Equipment 
for the Process Industries 

By Emil Raymond Riegel 

For all who iMsli to acquaint themselves 
with the mechanical and engineering de- 
tails of processing machinery Concise, 
accurate descriptions of rei resentative 
equipment usccl in the chemical and 
related industries, as well as types de- 
signed for unusual scivice conditions 
are given 

583 Pages Illustrated $S 00 

A COURSE IN POWDER 
METALLURGY 

B> Walter J. Baeza 

A praetical book on this new scientific 
technique of molding powdered metals 
into small geats radio parts, valves, 
clutch facings for tanks, and hundreds 
of other products Py means of piac- 
tical applu ations, it acquaints the lead- 
er with the essentials of successful 
uniform production of powder inetal- 
lurgv parts 

212 Pages IllusliaUd $IS0 

METALS AND ALLOYS 
DATA BOOK 

By Samuel L. Hoyt 

A vast amount of scattered metallurgical 
data has l)een assembled in one volume 
340 tables of ciitically evaluated data 
on ought and cast steels, stainless 
steels, cast irons, heat- and corrosion- 
resistant easting alloys, aluminum, coii- 
per, nickel and tungsten allovs and 
rare metals Gives the most important 
information on all the important propc r- 
ties of these metals and alloys 
350 Pages Illustrated $4 75 

SOILLESS GROWTH OF 
PLANTS 

By Carleton Ellis and Miller W. Swaney 
Grow healthy flowers, vegetables and 
fruits, indoors or out, entirely without 
soil, through this amazing new scientific 
advancement Here’s a “best-seller” 
on this fascinating subject, describing 
how It’s done Presents all three meth- 
ods of soilless growth — Water Culture, 
Sand Cultuie, and Sub-Irngation 
60 Illuhti ations — 

160 Pages 3 m color $2 75 

lEINIDlD PIBUSlim CBIP. 

330 Wn» 43nd StrMt Nmv York It, N V 
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Not Salvage — 
Not RejectS”Not Junk! 

Each piece guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before bMn offered to amateurs. Our 
prices are a small fraction of original 
costs. Limited supply avadable of items 
listed. 



EYEPIECE IN FOCUSING 
MOUNT, IH" (35 nun) fl Surplus 
lot from war instrument Tremen- 
dously wide field of view Diameter of 
eye lens more than I'', field lens 
All outside lens surfaces fiuonde 
coated Most remarkably efficient 
(brilliant) eyepiece ever Each $4 60 

Bushing to fit standard 1}4'' telescope 
tube $3 00 extra Bushing to fit your 
special tube size $400 extra 
DOUBLE ACHROMATIC LENS 
SYSTEM All outside surfaces fluo- 
ride coated 2^" (64 mm) fl 

Mounted, od 13/16" (30 mm) Clear 
aperture (23 mm) Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a projection lens for Kodachrome 
slides size 2x2 Each $3 50 

ACHROMATIC CEMENTED OB- 

JECTIVE, m" (48 mm) diameter. 
10^4" (264 mm) fl, not mounted, 
fluoride coated Each $3 00 

MIRRORS Front surface aluminized 
m" X 2^ (irreguUr), 1/16" thick 
Elach 25c 

PRISMS Size x 2^", unmoimted, 
white optical glass, excellent optical 
quality, slight edge imperfections 

Each $7 50 

Also the following — in metal mount- 
ings, ready to make into diagonals, 
fluoride coated, meet the most exact- 
ing requirements, corrected to 2 sec- 
onds of arc 

9/16" (15 mm) x 11/16" (18 mm) 
$200 (suitable for micro projection) 

1 1/16" (27 mm) x 1 3/16" (30 
mm) $300, and 1 5/16" (34 mm) x 
1^" (33 mm) $3 50 (these two -sizes 
are suitable for 6" and 8" diameter re- 
flectors) Also Amici roof pnsm, 
double inverting, guaranteed corrected 
to 2 seconds of arc, 13/16" (21 mm) 
X 13/16" Each $200 



ACHROMATIC NEGATIVE LENS, 
about —12" fl, suitable for Barlow 
lens, in metal mount 1 1/16" (27 mm) 
od , clear aperture (23 mm) 

' Each $200 

Include Postage — Remit with Order 

CATALOG of ioniet, pritms, etc, 10c 

HAkkY ROSS 

ScitiitHle and laboratory Apporolu* 
70 W Broodway, N Y 7, N Y 


inkling concerning what most of us 
don’t ourselves experience How New- 
ton’s mind work^ is discussed, for 
example How Professor Einstein thinks 
IS told in a quoted letter by himself 
Other mathematicians will especially 
enjoy these glimpses The author is a 
French mathematician. (143 pages, 5^ 
by 7^4 mches, umllustrated,)— $2J.0 
postpaid — A G J. 

PRINCIPLES OF MODERN 
INDUSTRIAL ORGANIZATION 

By Walter Rautenstrauch 

P ROBLEMS that continually harrass stu- 
dents of industry and industrialists 
alike are here subjected to compre- 
hensive study The prmciples of indus- 
trial organization are analyzed by 
methods m which the activities of each 
department of a manufacturing busi- 
ness may be studied and evduated, 
with improvements bound to result 
The treatment is basic in approach yet 
IS developed in detail when the author 
deals with problems of unit operations, 
the flow of work, internal relation- 
ships, design functions, repairs and re- 
placements, and so on Altogether, the 
text gives a clear picture of organized 
industrial activity. (312 pages, 6% by 
9^ mches, 56 charts and drawings) — 
$3 85 postpaid->APP 

OUTLINE OP THE AMINO 
ACIDS AND PROTEINS 

By Melville Sahyun, Ph D ^ 
and others 

T he ptmposx of this book is to outhne 
m simple and readable manner the 
essentials of the chemistry and bio- 
chemistry of ammo acids and proteins 
There are 12 chapters contributed by 
11 authorg of hi^ standing in uni- 
versity circles. (251 pages, 5% by 9 
inches, illustrated )~-$4 10 postpaid 

THE PHYSICS OF FLIGHT 

By Alfred Lands 

F or THoex who want to know pre- 
cisely why an airplane flies, this 
carefully written exposition of the 
principles of flight will be immensely 
valuable The author has designed the 
book to help those who are, or expect 
to be, engaged in operating, designing, 
or manufacturing aircraft By shear- 
ing away all non-essentials he has 
managed to set out the fundamentals 
of aerodynamics briefly and with clar- 
ity Students of physics and engineer- 
ing will find his efforts a great help as 
a first step m attaining a thorough 
mastery of the subject A chapter is 
devoted to the newer types of aircraft 
including jet-propelled planes, heli- 
copters, and autogiros (122 pages, 6 
by 9 inches, with many illustrations) 
-^.60 postpaid. — J C 

AN INTRODUCTION TO 
ELECTRONICS 

By Ralph O. Hudson 

C LEARLY AND conclsely, yet with suffi- 
cient detail to give the reader some- 
thing Ihto which he can sink his teeth. 


this compact book explains the science 
of electronics and its modem aj^plica- 
tions. Only a very elementary knowl- 
edge of mathematics and physics is 
required to fiaaster the explanations 
(97 pages, 6 by 9 inches, 72 drawings 
plus a number of photographs.)— $3 10 
postpaid.— AJ’P 

YOUNG MINDS WITH 
OLD BODIES 

By Melvin E. Page, D.D.S. 

S TXJVY of body chemistry in relation to 
teeth, ha^ on the thesis that 
civilization’s poor teeth result largely 
from sxigar eating. The author tells 
what society and the individual may 
do about itr~4iscontinue sugar. Perhaps 
he rides this one horse too hard, or 
perhaps he is ri^t, for there is else- 
where plenty of evidence against sugar. 
(183 pages, 5V4 by 8 mches, 20 figures ) 
— $2 60 postpaid — AGi. 

SHEET METAL, THEORY AND 
PRACTICE 

By John C. Butler 

F rom the simplest hand tools and spe- 
cialized devices for working sheet 
metal, through riveting, welding, and 
soldering, this text gives the reader a 
broad yet detailed knowledge of the 
overall subject of sheet metal working 
and shop practice (173 pages, 9 by 11 
mches, over 140 illustrations and 9 
charts) — $310 postpaid — APP 

SOUL OF AMBER 

By Alfred M. Still 

M an’s persistent concern from the 
most ancient times down to the 
present with the mysterious energy 
called electricity is the subject of this 
unusual and interesting book. When a 
piece of amber was rubbed, the wise 
men of the ancient world noticed that 
it developed the property of attracting 
bits of chaff, and hence they called 
electricity “the soul of amber” Be- 
ginning with a discussion of what the 
early philosophers thought of elec- 
tricity, the author traces the growth 
of interest m and knowledge of it down 
through the ages until, with the work 
of Faraday and those who came after 
him, electricity emerges as a great 
power in everyday hfe, making our 
age truly the age of electricity (274 
pages, 6 by 8^ mches, Index and 
notes)— $2 60 postpaid— JC. 

FROM MICROBE TO MAN 

By J. V. Wells 

I N THIS book the author scientifically 
traces the human embryo from its 
origin through its fish, reptile, and 
mammal stages; treats of primitive 
man and then of the human brain, to 
show that our physical makeup is es- 
sentially animal; and then uses this 
scientific background as a takmg off 
point for his '^esis that, if we would 
only be more religious and less selfish, 
we could terminate wars and arrive at 
harmony (106 pages, SVa by 7Vk inches, 
illustrated.)— $210 postpaid.— A GJ 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Idif^r of tl»« ScitntiHc American boekt "AnudMir T«lMCim Mokinf*' 
and ''Amotour Talp««opa Making— Advancad*' 


T he following notes relate to the two- 
part article on making objective 
lenses by the test-plate method, by 
Patrick A Driscoll of Rochester, in the 
March and April numbers. 

In "A.TM” page 71, the middle 
paragraph suggests a principle known 
as the *Himt focus” principle all the 
pertment design data— focal length, 
diameters, thicknesses, radii of curves — 
in this instance of an eyepiece, may be 
divided or multiphed by any amount 
chosen (of course with due considera- 
tion to practical limitations), provided 
this remains throughout the same 
amount These changes do not, of 
course, change the focal ratto 
When this fact was called to Dris- 
coirs attention as a possibility for use 
in connection with his lens specifications 
he replied “Now that you dig up one 
of the deep ‘secrets* of our optical 
wizards that the amateur is not sup- 
posed to be let in on, I may as well 
let the cat out of the bag An achromatic 
doublet can very easily be reduced in 
this way For example, a 6** can be 
reduced to a 3**, simply by dividing 
everything — except, of course, index 
and dispersion — by 2 It is as easy as 
that I didn’t put it in my story because 
if I’m makm’ a lens, then by jeepers 
I’m makm’ a big one — which by this 
method is as easy as a little one — and 
then the fimshed article is a man-sized 
hunk of apparatus But I suppose the 
monetary outlay for large blanks is a 
consideration If you reduce my UVa" 
to, say, 3" or so, you reduce the aber- 
rations, also the range of the figure of 
each surface is not quite so critical and 
the performance will be slightly better, 
but — a wammg — do not increase the 
diameter unless willing to accept an 
increase of these same characteristics 
At least, if you nsk this, the surfaces 
must be very exact, else performance 
will suffer” 

In weighing the matter of size, 
“A T M A ”, page 192, bottom paragraph, 
should not be overlooked. 

This unit focus opportunity confers 
an added degree of freedom on the test- 
plating procedure, and if now we ama- 
teurs can between us collect and pool 
a variety of specifications for tried and 
good objective lenses, this method will 
enjoy still more freedom Incidentally, 
there also is nothing about this method 
which forbids anyone from designing 
his own objective, just as in the other 
method, and m the most rigorous way 
if desired, yet it does make available 
to those who aren’t too happy when 
tussling with design (as a few aren’t, 
according to your scribe’s mail) a 
chance to meke and enjoy their own 
refractors By this method ^e amateur’s 
fear of the convex surface also is re- 


solved, and it enjoys other advantages 

Specifications for two types of ce- 
mented and two of uncemented ob- 
jectives, given on the unit focus basis, 
appear on page 29 of the newly pub- 
lished book, ‘Telescopes and Acces- 
sories,” by Dimitroff and Baker (This 
IS the book which was given an ad- 
vance review on page 466 of the 1941 
printing of “ATM” — it has finally 
been published ) 

Driscoll’s specifications call for ob- 
jectives of rather short focus (large 
focal ratio) , that is //12, and //1 3 Elli- 
son calls for //15 or //16 and so do 
some others Questioned about this, 
Driscoll answered “The 5^" was com- 
puted for me as an ideal astronomical 
glass that would utilize easy c and j 
and not require too precise adherence 
to stated tolerances.” Dr D Everett 
Taylor has made one and has reported 
It good, in the April numfeer 



Patrick A Driscoll 

Driscoll’s method of calipering the 
edge of the lens elements during pre- 
linunary work — ^tipped micrometer 
anvils and stop block— happily comple- 
ments Ellison’s always questionable 
if not inadequate method in “ATM” 
(pages 115, 117), for it is otherwise 
almost impossible to caliper a tapered 
surface twice alike to close tolerance 
In “A.T.M.” (page 250) Haviland de- 
scribes an edge gage involving three 
steel balls and a dial gage (a similar 
ng IS used at the Bureau of Standards 
and reads to 00002'' as the lens is ro- 
tated in it, accordmg to Ferson), and 
in Scientific American, February, 1940, 
D Everett Taylor also described a very 
beautiful combined edge thickness gage 
and ^herometer Both of these con- 
tribute in large measure to precise 
work. 

Any who give" priscoll’s procedure or 
program a workout are urged to report 


all their experiences, impressions, 
opinions, and findings— its best, its 
worst It is hoped that this fiatless, test- 
plating method will result in a larger 
proportion of refractors being made. 

T he acFLECTOB is a splendid telescope 
but in recent years more and more 
amateurs have quietly expressed their 
conviction, gradually arrived at, that 
on balance the refractor is even more 
satisfactory, giving steadier, better re- 
solved, carper, even if less brightly 
illuminated, images that stand higher 
magnification, especially for planetary 
and lunar observation Here are some 
recent comments from amateurs who 
seem happy about their new refractors 
“I still use my 10” Cassegraiman, but 
the second-hand 5%” Brashear refrac- 
tor I just bought has so much better 
definition and resolving power that 
there is little point in using the Casse- 
gramian Almost any night I can use 
the quarter-inch eyepiece” 

Another “I have just finished a 2^%” 
objective lens, my first, and from here 
on I am on refractors This telescope 
defines perfectly” 

A third “Refractors at times throw 
theoretical resolvmg power out the 
window ” 

Of course, these are warm state- 
ments reflecting new enthusiasms, and 
they may be subject to some discount 
The reflector is an excellent telescope 
but the notion that there b something 
inferior about the refractor b all 
wrong Maybe ’twas a rationalization, 
because making one called for a lathe 
and a fiat Pat Driscoll’s program now 
lops off the flat 

C 'raiUM OXIDE is now strongly compet- 
ing with rouge m the optical indus- 
try ’The following notes on that new 
polishing abrasive are by Frank Allen 
Lucy, 3427 W. Penn St, Philadelphia, 
Pa, who has contributed to thb de- 
partment before (July, 1943 — ^notes and 
equations on Gee’s method of figuring 
Cassegrainian secondaries by the test- 
plate method) 

“People in mcreasing number have 
been recommending ceria (cenc oxide) 
in place of rouge for optical polishing. 
On the credit side, it b said to be 
cleaner and faster than rouge, less 
likely to cause sleeks, turned edges, 
or tarnishing on aging On the debit 
side, it is said to cut so fast that it 
makes, delicate figuring difficult, and 
to give a dull surface at first, which 
brightens only on long polishing; so 
that some think it unsuitable for final 
figuring, in which the penods are nec- 
essarily short 

“The writer’s observations on the 
use of ceria may interest other optical 
workers Ceria, being practically white, 
is certainly cleaner than rouge Min- 
imizing turned edge seems a matter 
more of technique than of agent. Hie 
commercial sample in our laboratory 
contains particles ranging widely in 
sbe Pro^bly, if used as received^ it 
would give a dull surface at first, until 
the coarser particles were well driven 
into the pitch of the lap, after which 


AAAY 1945 • SCIENTIFIC AMERICAN 


319 



A Popular Illustrated 
Astronomical Monthly 

for amateur ascronomar* ^ aew star 
charts, Glaanings for talaacopa makars, 
paga for obsarvara, and calattial photos 
^2 50 a yaar, domastic, $3 00 in Canada 
Singla copy 25 cants 

SAMPLE COPY ON REQUEST 

SKY PUBLISHING CORPORATION 

Harvard Obaarvatory, Cambndga 38, Maas 


ALUMINIZED 

SUSFASE HASDENED OOATiSSS 

Gat fha BEST No changa in pricas 

PRECISION PLUS 

ALUMINIZED DIAGONALS, Ractangular 
pitch poHshad data, suttabla for 4" short locus 
and 6'' and 8^ long focus scopes 1 *#" x 1%" 
Pnea, flat to Yi wavelength 82 50 aa , flat 
to <4 wavolangth 8 330 aa , flat to 1/10 wava 
length 83 00 aa 

LEROY M. E. CLAUSING 

$507-4SM Llnwln Av* Chicago IS, III 


TELESCOPE 


MAKERS 


Quality materials of the RIGHT kind 
6" Kit — Olaaa, abrasives, pitch rouge and 
Instruotiona $6 00 

LENS GRINDER, pitch, abrasives IS 00 

H08BYGRAFS—^N^0RAlATI0N— INSPECTION 
We offer you the benefit of our 26 years of 
experience at this hobbv Free price list 
John M Pitret, 11 Harvard St , Springflald, Vt 


ItCFLECTINO TELESCOPE KITS 
OUR SPECIALTY 

FARABOUO PYRSX MIRRORS Made to Order 
correctly fltured. polished, and parabolized Precise 
workmanahip guaranteed Prices on request 

WK DO POLISHING PAPABOLIZING AND 
ALVMINIZIHa 

Bend for PRSB ILLUSTRATED CATALOGUE 

M. CHALFIN 

Q.P.O. Box 207, Now York. N. Y. 



COMPLETE HIGH-GRADE KITS 
OUR SPECIALTY 

Each kit has two Rlaas discs 
(correct thicknesi) tempered 
pitch, 8 assorted abrasives 
tncluditiR rouse (fewer may 
not Rive perfect optical sur- 
face), instructions, FREE 
ALUMINIZED DIAGON- 
AL, etc, 

MIRRORS, made to order 

4" Kit 82 93 (Pyre*, 84 00) 

6" Ktt 4 00 (Pyrex, ,5 50) 

8'' Kit 8 50 (Pymx, 8 00) 

10" Ktt 10 00 (Pyrex, 13 00) 

12" Kit 15 00 (Pyrsx, 25 00) 

PRISMS VA^ ^3.75, VA" ^.50 

ALUMINIZING 

A harder and brighter eluminudi cesting that is 
unilonn atid produces a lestinff end superior re- 
flecting surlece Gueranteed not to peel or blister 

r . %tM 

r $3M 

ir 


Mirrors for Cameras, Ranse Finders 
and otheif optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 


THE PRECISION OPTICAL 

10SI Utt lllnl StTMl 
Ntw Ytrk St, S. Y. 


CO. 


the surface would brighten However, 
when shaken with water and a wet- 
ting agent (Duponol D happened to be 
the readiest to hand), this cena was 
readily dispersed and levigated. The 
levigated material gives a brilliant 
polish on any glass from dense barium 
crown to Pyrex, and works, in my 
estimation, about twice as fast as rouge 
of similar scratchmess 
*'The scratches here referred to are 
those necessary ones which remove 
material • m polishing, the scratches 
which fuzz the edges of a knife-edge 
shadow (A W Everest, on page 22, 
‘A T M A ,* says, *Al^o decide right here 
what you are going to call the shadow, 
probably the pomt where none of the 
remaining spiderwebs of light crosses 
the pin* These spiderwebs are diffrac- 
tion patterns of scratches, scratches 
usually too small to be seen by direct 
examination but nevertheless capable 
of diffractmg light) 
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Cerium oxide versus optical rouge 

“Polishing speed was judged by the 
length of spells necessary to produce 
a given rate of approach to an as- 
pherical figure, starting from a sphere 
Thus, if 40 minutes with rouge pro- 
duced 5 percent of the total correc- 
tion, 20 minutes with cena was found 
adequate, under the same conditions, 
to produce another 5 percent Other 
workers have stated that ceria is faster 
than rouge by factors ranging from 
1 3 to 4 times Particle size and pos- 
sibly shape, hardness of pitch, polish- 
ing speed, and pressure, proportion of 
water, rate of feed, and so on, all 
affect the rate at which glass is re- 
moved, making a truly scientific eval- 
uation of this factor difficult Further, 
a set of conditions which gives the 
best results with a given rouge sample 
is not the best set for any other rouge 
sample, and is most unlikely to be 
best for a given cena sample The 
consensus is, however, that properly 
handled ceria is decidedly faster than 
properly handled rouge 
“Some hold that cena is good for 
coarse ^work but not for fine To this, 


the writer cannot subscribe For ex- 
ample, Deve states, It is less recom- 
mended for precision polishing be- 
cause, precisely on account of its 
“bite,” it is less suitable for removing 
infinitely small layers of material* 
“Actually, the precision attainable in 
figuring with cena seems to be at least 
equal to that attainable with rouge 
The diagram shows the errors of two 
mirrors, one polished entirely with 
rouge, the other started with rouge 
but taken most of the way with cena 
and finished with twice-levigated cena 
The curves of shape were determined 
by a method practically identical with 
that described by F B Wright in 
*ATM’ (chapter on accuracy in para- 
bolization) The knife-edge readmgs 
were made by Everest’s shadow crest 
method, and the integration was done 
mechanically instead of numerically 
(“Incidentally, these curves highlight 
the necessity of using a nucrometer 
screw to move the knife-edge when a 
deep curve is to be measured Al- 
though none of the discrepancies shown 
in the diagram would be detectable, 
let alone measurable, by the pencil 
mark and ruler technique, the mirrors 
are not actually exceptionally good, 
being only comfortably within the 
tolerances required for their intended 
applications ) 

“In the upper graphs, observed knife- 
edge displacements (circles) are com- 
pared with the ideal values (curves) 
The lower graphs show the disparity 
between the observed and ideal 
cross-sections along radii from the cen- 
ter outward *1110 wavelength (X) in 
terms of which the tolerance is ex- 
pressed IS the wavelength of maximum 
visibility 

“It will be seen that the ceria- 
polished mirror was brought much 
closer to perfection than the rouge- 
polished one It would have been pos- 
sible to have brought either closer still, 
but there is no sense in further work- 
ing an optical surface which is within 
the assigned (Wright) tolerance ” 

C ERIUM OXIDE may be had from the 
Universal Shellac and Supply Co, 
401 Broadway, New York 13, N Y, 
which, by the way, is not the supplier 
mentioned, m part adversely, by Lucy 
and, anyway, cena has greatly im- 
proved 

Commentmg on this new polishing 
abrasive, the Ferson Optical Co, Bi- 
loxi, Miss, which has been using it 
says “It has a heavy drag in polish- 
mg, polishes faster than most rouges, 
seems to have less tendency to scratch, 
in our expenence has more tendency 
to turn edges but not much more, and 
should be used with a hard lap” 
Bamesite, a somewhat expensive 
polishing abrasive from the same 
source, is held to be even better than 
cerium oxide by many professionals 
(Incidentally, while on abrasives, the 
new “garnet fines” developed for war- 
time optical uses, and now bemg ob- 
tained from the same-86urce, are rap- 
idly moving in on fine emenes as a 
finished abrasive for grinding ) 
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Previews of the industrial Horizon 


LOWER PLANE COSTS 

CD MLY a casual stroll along a present-day airplane assembly 
line IS needed to reach the realuation that much of the 
work done is accomplished by hand and that the multitude 
of parts that go into a single plane must boost the cost tre- 
mendously True enough, aircraft plants of the United 
States are tummg planes out by the thousands, but at a 
price per unit that would hold little hope for those who 
foresee the sky of the future filled with private planes bent 
on pleasure and business alike 
It is one of the axioms of mass production that simplifica- 
tion IS necessary to reduce cost and increase the number of 
any article to be made However, insistent demands for the 
planes of war have left little time for engineers to gain the 
necessary know-how of simplification, they have had to 
turn out planes regardless of cost in dollars, man-hours, 
and materials Even with this immediate urge, they have not 
entirely disregarded the problems of the future Probably 
they do not dream of an airplane in every garage or a land- 
ing field m every backyard, but they do know that there is 
going to be a zooming demand for private planes post-war 
and that this demand can be met only by planes that can 
be bought by other than millionaires 
Thus, engineers in at least one large aircraft plant have 
been turning some of their attention to production processes 
that will radically reduce costs As examples of progress 
made, a stabilizer that formerly mvolved fabrication of 
42 different parts is now made with only ten, and a wing 
was redesigned so that 21 parts take the place of the 134 
formerly required On this basis it is estimated that air- 
frame costs, once ranging from three to ten dollars or more 
a pound, can be reduced to less than one dollar a pound, 
exclusive of engine Projecting this trend a bit farther. 
Republic engineers look forward conservatively to com- 
fortable, roomy private planes that will sell, post-war, for 
about the cost of a medium priced pre-war automobile 
While on this subject of airplane costs, it is interesting 
to note that recognition is being taken at last of the im- 
portance of standardization of plane parts from the servicing 
angle So long as planes have individualistic electrical sys- 
tems, lubrication fittings, fuel connections, propellers, spark 
plugs, and so on, the servicing problem for private planes 
and commercial airliners alike will be complicated and 
costly But when standardization comes into the picture and 
makes it possible to service all planes quickly and to replace 
parts from an airport stockroom that does not have to carry 
a multitude o£ parts for which there is a call only once a 
year, then a long step will have been taken ^toward making 
aerial transportation available to the masses* 


HEAT BY WIRE 

K^any a head is getting gray — or bald — worrying about 
what will be done post-war with the huge hydroelectric 
plants that are now supplying needed power for war indus- 
tries Out in Oregon, the Bonneville project is a case m point 
When war needs end, Bonneville’s excess power will have 
to be absorbed if the whole project is not to become a 
complete white elephant To avoid such a disastrous oc- 
currence, plans are well underway to promote electric heat- 
ing of homes, thus soaking up the excess juice and offering 
to householders a heating means that promises freedom 
from smoke and soot, freedom from drafts, and freedom 
from widely varymg winter-time temperatures indoors. Most 
promising of the many schemes so far considered is the use 
ol more or less conventional radiant heaters recessed mto 
the wall and thermostatically controlled. 

But what to do with the power during warm weather’ 
The capacity of the generating plant must be utilized over 
the entire year if economy is to be realized Air condition- 
ing in summer, heavy refrigeration that would molude quick- 
freezing equipment for homes and for communities, and 


Btf A. A 


electrically powered sprinkler irrigation systems are all 
part of the picture Here is one of those cases where, once 
the imtial cost to the householder is written off, the more 
current he uses the more he will benefit 


TELEVISION PROGRESS 

Better and better television is seen on the horizon, as ex- 
emplified by the large-screen receiver detailed on page 362 
of this issue But, as Scientific American has always held, 
there is more to practical television, as far as the average 
man is concerned, than technical perfection Other factors 
that must be considered include programming and the ques- 
tion of who will pay the bill All of the problems are neatly 
wrapped up in capsule form, with many implications be- 
tween the lines, by Dr C B Jolliffe, head of RCA Labora- 
tories, who lecently said “Elngineers should not be satisfied 
that their television job is done until they have made it 
possible to project in the home pictures of adequate size in 
color [We will be satisfied with good black-and-white Ed ] 
and also for anyone to attend — by television — all major hap- 
penings wherever they occur, in the United States or in any 
other part of the world These objectives may be accom- 
plished in a few years, or many years may be required’^ 


PHILOSOPHY OF PLENTY 

Those who would quarrel with the peculiarly American 
tendency to discard material objects before they have worn 
out completely and to replace them with other and more im- 
proved devices can take a lesson from a recent statement by 
Alfred P Sloan, Jr, chairman of General Motors In these 
words Mr Sloan aptly sums up the philosophy of American 
production and consumption that has made it possible for 
this country to progress so rapidly, in peace and in war 
“Some have the idea that the reason we in this country dis- 
card things so readily is because we have so much The facts 
are exactly opposite — the reason we have so much is simply 
because we discard things so readily We replace the old m 
return for something that will serve us better” 


FOR FUTURE REFERENCE 

Some success has been achieved with solid paints, using 
no solvent, that are applied in a molten state under steam 
and air pressure . , Assistant Secretary of Commerce Burden 
sees 6300 civilian airports on the horizon, with 400, 000* 
airplanes in use in the United States within ten years after 
war end At least one automotive engineer crys down the 
extensive use of aluminum in automobiles as a substitute 
for steel until the price, now 15 cents a pound, drops to 
4’/^ cents a pound Radio sets and kitchen ranges will 
probably lead the parade of appliances that will reach the 
home after the war The steel industry looks with bright 
eye on the distant horizon, banking on conversion jobs, 
planned public works, and new bridge construction to keep 
it going full blast, apparently it has no fear of war-developed 
materials that might substitute for steel Fluorescent hat- 
ing is scheduled for a boom because of its many advantages; 
authorities foresee that 40 percent of post-war home hght- 
ing will mvolve fluorescent equipment 
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Life hangs by 
such threads 



WANTIDt Something to keep flyers flK>m 
freezing. So engineers developed elec< 
trically heated goggles, shoes, suits . . . 
Something dependable to guide pilots 
m fog and dark So engmeers devised 
electrically driven gyroscopic instruments 
. . . Somethmg automatic to keep engines 
from overheating or cooling. And now 
comes an electric control the pilot needn’t 
touch. 

Working day and night, G. E ’s research 
and engineering staff has solved hundreds 
of such problems The pictures here show 
how a few have been met Through re- 
search come better electrical products and 
processes— in war or peace General Electric 
Company, Schenectady, N, Y. 




. :<■ '*% ■ I ■ ' U' ^ 





lyelldt can fretza shut wInni you^ro 7 mllec vpl Electncaliy heated 
goggles, developed by G-£ engineers, have fine wires emb^ded in 
pl^tic lenses With Q E ’s electric blanket as a start, O-E engineers 
designed electrically heated flying suits, heated gloves and shoes being 
made in three G-E plants. 

Toughest problem was to 
devise heated gloves with 
thin wires strong enough to 
stand constant flexing. 


•efere It’s bvllt, theyjtnoia 
how it will fly 1 18,000 horse- 
power of G-E motors blow 
wmds faster than a pursuit 
plane can fly. Testing model 
planes and parts up to full 
size and speed in wind tun- 
nels like this helps get new 
airplanes perfect^ quicker. 




■ 
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Plysn* livss often dopsndl on thdr Instruments. G-E workers 
use only tweezers to handle these precious parts of electncally 
driven gyroscopic instruments, dry them with cur Jets, oil them 
with hypodermic needles. They’ve got to be accurate. 


Making night loadings sofor. Bngineersadapted the G-E **S^ed Beam*' 
auto headlamps into war use — €r>£ anpl^e landmg lamps 20 times 
brighter than those on your car. Sealed against dust, dirt and salt 
water damage, they cut down the peril of hufli-speed landings. 


Hear the G-B radio programa The 0»E AlUgirl 
Orcheetra, Sunday 10 pjn. EWT, NBC— TAa World 
Today news, Monday through Friday 6.46 p m 
BWT, CBS-— 7^ CMS Haute Parfy, Moiaday 
through Friday 4 00 p. m. EWT, CBa 
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50 Years Ago in . . . 



(Condented from Issues of June, 1895) 


METEOROLOGICAL BALLOONS — “A balloon equipped with 
self- registering instruments to measure the temperature and 
pressure of the atmosphere at high altitudes was recently 
experimented with in Berlin and came down with the instru- 
ments in good condition in Bosnia The instrument showed 
that the balloon had reached an elevation of 53,872 feet, over 
10 miles, the thermometer had fallen to 52 degrees below zero 
— the lowest it could lecord” 

PROPELLERS — “It is interesting to learn from a paper read at 
the Institute of Civil Engineers by no less authorities than 
S W Barnaby and Thoinycroft, that in their opinion the 
present speed attained by the screw propeller has in the 
fastest craft now afloat approached the limit of efficiency The 
Marine Engineer says It will soon be a question, therefore, 
if this view be correct, not as to the comparative merits of 
twin and triple screws, but as to the screw in comparison 
with other methods of piopulsion Here is a vast field for 
experiment and research “ 

SUN DAMAGE— “Sunlight can do incalculable damage to 
chemicals, pharmaceuticals, plush goods, and toilet articles in 
general, unless special precautions are taken to prevent its 
mjuiious action” 

CAR CABLES — “The cab^e system of propelling cars has found 
favor in New York City The cables come to the power 
house either entire or in sections in big spools weighmg from 
40 to 50 tons The spools are transported by means of gigantic 
trucks, drawn by long strings of horses, in some cases twenty 
horses are attached to the truck ” 

GLASS BRICKS — “Glass bricks, mtended to be used in con- 
structing the walls of plant houses and winter gardens, are 
made out of blown glass, and closed under 500® of heat They 
possess internally a hollow of about one-third of their entire 
contents, which, bemg filled with larefied air, acts as a non- 
conductor of heat They are joined together with cement ” 


GENERATING PLANT — “In connection with the new station, 
and the extensive alterations recently earned out at Leicester, 
the Midland Railway Company has put down the largest and 
most efficient electnc plant driven by gas engines We are 
enabled to give an illustration of the engme and dynamo 
room, and also a few particulars of the plant The motive 
power consists of four large gas engines and two smaller, and 
all are made by Crossley Brothers, of Openshaw, Manchester 
They are all built on their well-known lines, and are espe- 
cially fitted for driving dynamos with the necessary steadi- 



ness Each of the four large engines is of 25 nommal horse 
power, capable of giving off 40 brake horse powei as a safe 
working load with Dowson gas The engines run at two 
hundred revolutions per minute, and with the means adopted 
very great steadiness is obtained The face of the flywheels 
IS slightly rounded, and the dynamos are driven direct 
from it ” 

HORSE SHOES — “Among the recent patents is one for an 
aluminum horseshoe having finely divided pai tides of hard 
metal embedded in the wearing face of the shoe This forms 
a very light shoe, of considerable dui ability” 

BARGE TOWING — “Canal barges have recently been very 
successfully towed by electric power on the summit level of 
the Canal de Bourgogne This portion of the canal is 3^4 
miles long and has been made very narrow to reduce con- 
struction expenses There is no tow path, and hauling is 
effected on the submerged chain principle The hauling upon 
the chain is now done by electric power mstead of by steam, 
as heretofore A generating house has been fixed at each end 
of the section, the current being generated by water power ” 

VOTING MACHINE — “The days of ballot box stuffing and 
other modes of cheating at elections appear to be numbered 
Inventive genius has provided machinery that will not lie and 
will not allow deception at the polls ” 


CANDLES — ‘The electric candle is in great request m England 
for the lighting and decoration of dining and other tables An 
ingenious device for lighting the candles is provided by 
placing small pads under the table cloth, and taking the cur- 
rent from them by means of two pm points m the base of the 
candlestick The candles, of course, are extinguished on bemg 
taken from the table, and are relighted when they are re- 
placed in the proper position ” 

MOLTEN METAL — “The Cleveland Rolling Mills Company has 
just inaugurated a novel system of metal transportation They 
ship great pots of molten metal from their central blast fur- 
nace to their Newburg mills, five miles away The trip con- 
sumes fifteen minutes, and about 500 tons are carried daily 
over the tracks of the Erie Railroad At the rollmg mills the 
car IS raised on a hoist to the mixer, the ladle is tipped by 
machinery and the metal poured into the mixer” 

FILAMENT TEMPERATURE — “Prof Weber has lately given the 
results of a number of experiments made by him to determme 
the temperatures of filaments in electric mcandescent lamps 
He has found that the normal temperatures of all species of 
mcandescent lamps is approximately the same, and is com- 
prised between 1,565® and 1,588® C In the case of some 
lamps givmg a very brilliant light — that is to ^y, with very 
thick filaments — the temperature is 40® higher” 


RAIL SPEED — “According to the ‘Railroad Gazette,’ the time 
made April 21 last, by the newspaper tram from Camden, 
N J , to Atlantic City, 58 3 miles, was 45% minutes, being an 
average rate of 76 46 miles per hour” 

WATER POWER — “The chief problem in the conversion of 
water power into electrical power is that of regulating the 
flow of the water through the turbine wheels One way of 
doing this was to have a man to regulate the flow by opening 
01 closing the gates This is, of course, impossible m a plant 
of any considerable size Another contrivance employed a 
ball governor which automatically opened or closed the gates 
This was a failure, because of the well known laws of inertia, 
and had a great tendency to race Mr Allan V Garratt 
describes a very ingenious regulator whereby the gates were 
made to open or close, a little before the governor reached its 
highest or lowest point, thus obviating the chief defect of the 
older machine ” 

RUST-PROOFING — ‘The Gesner method of protecting iron 
and steel from rusting consists in forming on the surface of 
the metal treated a double carbide of hydrogen and iron, 
which IS extremely hard and adhesive The coating has a 
bluish color, and is stated to be so adherent to the metal that 
a treated bar can be bent through an angle of 45® without 
disturbing it ” 
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Between telephone olliccs. in New York and Philadelphia 
once stretched a strange sort of laboratory Most of the way 
It was underground, engineers made their measurements 
sometimes in manholes It was a lead-sheathed cable con- 
taining two ‘‘coaxials’’ — each of them a wire supported in 
the center of a flexible copper tube the size ot a lead pencil 

Tlicory had convinced engineers of Bell Laboratories 
that a coaxial could carry many more telephone talks than 
a fullrsized voice frequency telephone cable, that it could 
carry adequately a television program Experimental lengths 
were test^, terminal apparatus was designed and tned out. 
Finally, a full-sized trial was made with a system designed 



foi 480 conversations It was successful, in one demon- 
stration people talked over a ^800-mile circuit Icxiped back 
and forth Now the cable is carrying some of the wartime 
flood ol telephone calls between these two big cities 

This cable made television history also through it in 
1940 were hi ought spot news pictures of a political con- 
vention in Philadelphia to he broadcast from New York 
Bell S\stcm contributions to television, which began with 
transmission from Washington to New York in 1927, have 
been laid aside for war work When peace returns, a notable 
expansion of coaxial cncuits is planned for both telephone 
and television in our Bell System work 

BELL TELEPHONE LABORATORIES 

Exploring and invonfmg, davising and perfeciing for ovr Armad Forces at 
war and for continuod Improvommnts and •conomies in toiophona sonrlca* 


325 









Scientific American 


JUNI > 1945 



Official photograph, V 8 Army Air Corps ^ 

An early Curtiss pusher biplane in night 


Since Man Took Wings 


By ALEXANDER KLEMIN 


T he history of aviation begins with myth and supersti-^ 
tion, and ends with a rational application of nature’s 
laws In an Indian classic, Krishna’s enemies build a 
winged chariot, Egyptian sculpture shows figures of winged 
men, and from the Greeks humanity inherits the story of 
Daedalus who made wings, and of his son, Icarus, who 
fastened them to his shoulders, fiew too near the sun, and 
perished in the sea 

Later, in medieval times, desire sometimes achieved rudi- 
mentary attempts at flight Death pumshed a Saracen for his 
boldness at the times 6f the Crusades, while Oliver, a monk 
of Malmesbury, England, perished in 1065 in an attempt at 
gliding 

Friar Roger Bacon made some striking speculations re- 
garding flight in the 13th Century, but the first man who did 
more than speculate was Leonardo da Vinci (1452 to 1519), 
who made sketches of ornithopters, flew successful models 
of helicopters, and attempted an explanation of bird flight 
in terms of mechanics One of his famous passages begins 
“A bird is an instrument workmg according to mathematical 
laws, which mstrument it is within the capacity of man to 
reproduce,” 

Passing over the centuries of more speculation— some 
pious, some fantastic — and more attempts at gliding, the 
human conquest of the air is found to be much closer in 
the latter half of the 18th Century when Cavendish dis- 
covered hydrogen, the light gas, which for so many years 
was the basis of lighter-than-air flight It was on June 5, 


To Fly has been the Persistent Dream of Man 
Down through the Ages, and in the Present 
Epoch that Dream has been Completely Fulfilled, 
but with Greater Consequences of Destruction 
than of Good. It Remains for Man in the Future 
to Make Achievement of Flight Entirely Beneficial 


1783, that the brothers Montgolfier sent up a rudimentary 
hot-air balloon which reached a height of 6000 feet and 
landed 7668 feet from its starting point Only a few months 
later, on October 15, 1783, Francois Pilatre de Rozier achieved 
the honor of being the first human to rise from the earth* 
While It is to the genius of France that we owe the mcep- 
tion of aerostatics and the parachute, the true beginnings 
of aviation are due to a number of English pioneers m the 
first half of the 19th Century 

First there came that great theorist, Sir George Caley, 
“The Father Of British Aeronautics” who, in a series of 
remarkable writmgs, recognized the aeronautical advantages 
of curved surfaces and the necessity of providing both verti- 
cal and horizontal rudders He also suggested reasonable 
methods for calculation of propelhng power and experi- 
mented with a fixed surface glider. His contemporary, 
Thomas Walker, a portrait painter of Hull, attained almost 
equal fame through his pamphlet on the “Art of Flying,” 
published in 1810 

After Caley and Walker, men passed from theory to ex- 
periment W S. Henson, as early as 1940, experimented with 
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The Ctirli»8 “June Bug” that won the leg of ihe Scientific American trophv on Julv 4, 1908 


model gliders and light steam engines From 1846 to 1848, 
John Stringfellow worked on a remarkable contrivance, 
the first engine-driven airplane which actually flew The 
model had an eight-foot span, and weighed eight pounds 
with engine, its design and construction seems reasonable in 
light of today’s knowledge 

FAMOUS NAMES— The latter half of the 19th Century pro- 
duced equally famous names Penaud, a Frenchman, in his 
well-known patent of 1876, anticipated and described almost 
every feature of the modern airplane The Germans fiist 
took their place in the development of aviation when Otto 
Lilienthal, with his bi other Gustav, undertook to learn the 
art of the birds by practicing with a man-carrying glidei 
Lilienthal, in almost 30 years of experimentation, secured 
glides where the angle of descent was only 1 in 10, and 
built up a remarkable body of aerodynamic knowledge, 
particularly in relation to control His work began in 1867 
and ended with a fatal accident in 1896 when he was turn- 
ing to powered flight 

Lilienthal accomplished much, and the Englishman, 
Pilcher, followed grandly in his footsteps Professor Mont- 
gomery of California employed gliders launched from bal- 
loons and wrote a patent which showed remarkable under- 
standing Ader claimed actual flight before generals of 
the French Aimy in his ‘‘Avion” on October 14, 1897, though 
the official account speaks only of shoi t hops In the 
United States, Chanute, a civil engineer, advanced the de- 
sign of the gilder with his trussed biplane and Sir Hiram 
Maxim’s giant steam-powered airplane almost achieved 
flight in 1894 

What had these pioneeis done*^ Nothing, m one respect, 
because they had not flown almost everything, on the othei 
hand, because they had laid solid foundations for the work 
of the Wrights 

UNLUCKY LANGLEY — Before the Wright brothers there came 
tne brilliant and painstaking work of S P Langley, who 
began his studies when a middle-aged man with an estab- 
lished reputation as an astronomer With the aid of a large 
whirling arm and rubber driven models, Langley did a 
vast amount of aeiodynamic research, his “Memoir on 
Mechanical Flight,” and his “Experiments in Aerodynamics,” 
published in 1891, aie classics Granted a congressional 
appropriation, and with the help of a young engineer, 
Charles Manly, he finally constructed the “aerodrome” 
which he described as “built of steel, weighing complete 
about 730 pounds, supported by 1040 feet of sustaining 
surface, having two propellers driven by a gas engine, de- 
veloping continuously over 50 brake horsepower ” The aero- 
drome was seriously damaged in the launching on December 
8, 1903 Manly escaped uninjured, but m the face of public 
disapproval and the inability to secure further funds, Lang- 
ley did no more Some years later, Glenn Curtiss succeeded 


m flying the aerodrome, but only after important modifica- 
tions had been made in it 

The fact remains that it was the Wright brothers who 
first achieved powered flight at Kitty Hawk, North Carolina, 
on December 17, 1903 The Smithsonian Institution has finally 
retracted its hostile views on this flight and, once the war 
IS over, the Wright biplane will probably be brought back 
to the United States from the South Kensington Museum 
in London, where it has been shelteied alj too long 

Since there is a Wright celebration every December 17th, 
onl> a brief personal appreciation will be attempted here, 
drawn partly from personal acquaintance The Wnght 
brothers learned all they could from Lilienthal and from 
the English pioneers, frequently consulted Chanute, and 
carefully studied Langley’s writings It was a mark of great- 
ness that they were willing to learn from others, neverthe- 
less they were not men of little education, as has sometimes 
been said Though they never matriculated at a university, 
and their calling in life was that of bicycle-makers on a 
modest scale, they were true scientists who carried out 
tlieii long experiments with a well-defined goal and perfect 
objectivity 

The Wright brothers’ experiments in a small two-foot 
wind tunnel stand substantially correct to this day, and 
were followed by the flying of kites and gliders, giving a 
solid background for building their first powered model 
Workers before them had seen parts of the truth, the 
Wrights saw the truth as a whole, and in one design com- 
bined curved wings, control about all three axes, reason- 
able stability, a correctly designed propeller, and a practical 
gasoline engine 

MAN COULD FLY— The flight at Kitty Hawk ended all un- 
certainty as to whether or not man could fly Now came 
an era of energetic but poorly guided development, a period 
of excitement and adventure The Wright brothers, neglected 
and held in some suspicion because of their policy of secrecy, 
^ peisisted m almost unaided effort Their third model, m 
1905, embodied the joy stick for control and flew a distance 
of 24 miles instead of the record of 852 feet as of 1903 Few 
followed in their footsteps in the United States, but France 
gave to aviation history names such as Bl^riot, Esnault- 
Pelterie, Ferber, Santos-Dumont, Voisin, Farman, and others 

The United States Army gave the subject of early heavier- 
than-air flight no acknowledgment It was only when Presi- 
dent Theodore Roosevelt saw a description of the Wright 
Flyer m an issue of Scientific American in 1907, and asked 
Secretary of War Taft to look mto the matter, that the 
Chief of the Signal Corps drew up a specification and asked 
for bids 

The first American Army officer to lose his life m an air- 
plane was Lieutenant Thomas E Selfridge, killed at Fort 
Myer, Virginia, at a test of the Wnght model, while Orville 
Wnght, who was pilotmg, was badly injured Nevertheless, 
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m 1909, the Wnghts received a $25,000 award and a bonus 
for improving on the minimum speed requirements With 
the winmng of a suit started m 1910 against the Herring- 
Curtiss Company, the Wnghts established their fortunes 
on a substantial basis though they never became as wealthy 
as their genius warranted 

The early days of aviation were wonderful for the pioneers, 
not always burdened with scientific knowledge but ever 
willing to take a chance, here was an era of adventure, of 
barnstorming, of rewards for records which look very mod- 
est today Glenn L Martin, exhibition pilot and barnstormer, 
was at the threshold of his career in airplane manufactur- 
mg Glenn H Curtiss, a bicycle maker like the Wnghts, 
did many things with a few workmen m his shop at Ham- 
mondsport, New York His “June Bug” won the Scientific 
Amencan trophy on July 4, 1908, for flying two thousand 
yards over an S-shaped course at a speed of 39 miles an 
hour In F*rance, Louis B14riot flew across the English Chan- 
nel on July 25, 1909, winning a prize offered by the London 
Daily Mail The Army contmued to give grudging acceptance 
to the airplane, with the Signal Corps still responsible for all 
aviation activity In 1910, Lieutenant Ely flew off the deck 
of an armored cruiser, the U S S Birmingham, in Hampton 
Roads, and two months later alighted on the deck of the 
U S S Pennsylvania 

But these adventurous days had disadvantages Without 
development, really practical aircraft could not be achieved, 
and lack of patronage for the flimsy aircraft available made 
it difficult to raise needed money American aviation was 
virtually at an impasse 

WAR TURNS THE TRICK— World War I changed the situa- 
tion completely At the Hague Peace Conference of 1899, it 
was voted that no aerial vehicle was to take part in warfare, 
but the Peace Conference of 1907 was less positive, and air- 
planes were destined to become increasingly important in 
war At the outbreak of World War I, France had 1500 
airplanes, Germany had 1000, England had a lesser number 
in keeping with its smaller army, and the United States, 
true to Its general traditions of never preparing for war, 
had only 50 men and 6 planes in its air force 

The small group of devoted officers withm the Umted 
States Signal Corps could do little to foster military aviation 
Nevertheless, the course of the war provided them with 
convincmg arguments in favor of the use of planes in fight- 
ing wars Thus, during the Battle of Mons, August 23-26, 
1914, Sir John French, the British Commander, was able 
to save his armies by retreat when his few reconnaissance 
planes, and they alone, warned him that the French forces 
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Official photograph U S Army Air CTorps 

A glider built by Octave Chaiiute, an American, who 
did coitt$iderable gliding experimentation about 1R95 


had given way on his right flank It was then established 
that the airplane could be a valuable method of military 
reconnaissance 

World War I was to teach other lessons in the uses of 
aviation Aerial photography proved invaluable in securing 
and conveying information Aerobatics were limited at the 
start of the wai, and the spin was considered deadly Begin- 
ning with the discovery of the Immelman turn, a whole 
senes maneuvers were developed for aerial dogfights or 
foi disengaging from the enemy The power of disciplined 
foimations was soon learned by the Germans, with the noted 
Von Richthofen squadron playing havoc with the Allies who 
considered formation attack against a single flier unsports- 
manlike 

The wai in the air began with an exchange of harmless 
revolver shots between a French and a German aviator, 
and the dropping of a sandbag on Paris, asking for its sur- 
render Early use of fl^hettes, small deadly pointed arrows, 
soon gave way to more deadly explosive bombs Recon- 
naissance was first performed at low altitudes because anti- 
aircraft fire was harmless above 3000 feet, later anti-aircraft 
guns were made effective at heights of 25,000 feet, which 
necessitated higher ceilings for combat planes 

The war started with planes of 80 horsepower, with top 
speeds of 70 miles an hour, and much stability It ended 
with combat planes capable of some 150 or more miles an 
hour, with 400 -horsepower Liberty motors mstalled in the 
De Havilland two-seater fighters, and with stability giving 
way to streamlining and maneuverability 

The United States soon abandoned the notion that our air 
force could be a subsidiary branch of the Signal Corps, and 
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ended the war with 14,330 officers and 124,767 enlisted men in 
this service In spite of great mistakes in handling war pro- 
duction, we built 3288 combat airplanes and many more 
training craft The Liberty motor, said to have been designed 
in a few weeks m a Washington hotel, was ready for de*- 
livery at the rate of 10,000 a month at the sigmng of the 
Armistice 

The American plane manufacturers, who had almost 
lost hope before 1914, emerged from the war as powerful 
companies, thanks to early orders from the British and 
French for Curtiss “Jennies,” and from our own forces 
later. But because Americans could improvise, Congress 
was encouraged to slash Air Service appropriations to the 
minimum when peace had come Congress, neglectmg to 
read the signs of the times, failed to reahze that aerial 
supremacy could, in a war, sway from side to side rapidly, 
and that such superiority was not a question of heroism, 
but a matter depending upon which side developed better 
airplanes 

From 1914 to 1916, the Geimans ruled in the skies because 
their Taube was so superior to the slow British BE 2C*s 
and the 80-hoisepower Vosins and Farmans of the French 
When the British replaced their earlier craft with the SE 5*s 
equipped with the more powerful Hispano-Suiza engines, 
and the French developed the fast and maneuveiable Nieu- 
ports, the advantage passed over to the Allies Then because 
Anthony Fokker, the Dutch designer, built a semi- cantilever 
biplane powered with sturdy and reliable Benz and Mer- 
cedes engines, and havmg wonderful maneuverability, Allied 
aviators were almost swept from the skies 

The ending of the war brought a shrinkage of the aviation 
industry Congress cut air service appropriations drasti- 
cally. So much surplus material came on the market that 
a flier could buy a two-place “Jenny” for $30 and a Curtiss 
OX-5 engine of 90-horsepower for $30 Few military and 
naval aircraft were built The brass hats fought Brigadier 
General William E Mitchell, who in 1921 sank two old 
battleships by aerial bombing, and forced him to resign in 
August, 1926, after a court-martial In some yeais not more 
than a dozen commercial airplanes were built 

THE MAIL GROWS WINGS— Yet theie were signs of the latei 
triumph of civil aviation Most important of these was the 
establishment of the United States Air Mail Service Using 
roughly converted DH-4’s, the Post Office established the 
first service between New York City and Washington on May 
15, 1918 Other hirge cities weie similarly connected, and 
the yeais 1920 and 1921 brought the establishment of the 
transcontinental air mall On July 1, 1924, a regular mght 


An excellent ex- 
ample of the 
many accessories 
that have been 
developed for 
airplanes is the 
Dzus spiral cam 
fastener. The 
fastener, 

used for holding 
cowls, access 
doors, and the like, 
IS quick acting 
and consists of a 
rotatable stud 
portion having a 
spiral cam at the 
end which engages 
with a permanently 
mounted spring 


service, over a beacon -lighted airway, came into being be- 
tween Cheyenne, Wyoming, and Chicaero, Illinois With war 
equipment and few aids to navigation, the Post Office offered 
dependable service that was, at the same time, an ex- 
penmental laboratory for the commercial transport services 
to come later 

SPANNING OCEANS — Another significant feature of the 
>ears after the Armistice was a number of remarkable 
flight records These emphasized that the conquest of the air 
was proceeding rapidly, and they furthered the acceptance 
of civil aviation by the public The fiist great achievement 
was the transatlantic flight by the Navy's NC-4, a flymg 
boat of some 28,500 pounds gross weight, with Lt Cmdr 
Albert Cushing in charge The NC-4 took off at Trepassy 
Bay, Newfoundland, on May 16, 1919, and with stops m the 
Azores and Portugal arrived m Plymouth, England, on 
May 31st after a flight of 4514 miles The flight foreshadowed 
the time when the Atlantic would be fully mastered The 
NC-4 had the benefit of the Navy’s whole organization, with 
supporting vessels to lessen the hazards of the trip, and 
carried a fairly large crew 

Sir John Alcock and Sir Arthur Whitten -Brown, with no 
support, showed even greater daring Flying a Vickers- 
Vimy biplane powered by two Rolls-Royce engines, they 




A teriet of photognipht« 19099 showing a Wright biplane toking off and in flight. A sUrting rail was used 
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a string on a stmt... 



To this.*. 


r f THE EARLIEST days of aviation, air- 
planes had no instruments— and a 
pilot flew •'by the seat of hia pants.*’ 



Sometimes aviators tied a piece of 
stnng to a strut. In normal flight it 
whipped straight back. If the string de- 
flected to one side it indicated that the 
plane was slippmg sidewise. But mostly 
they flew by the feel of the wind in their 
faces, and by direct observation of the 
ground and the horizon* 

In 1914, at the beginning of World 
War I, flight instruments began to 
appear. One of the first was the Sperry 
Magnetic Compass for instrument panel 
mountmg— a big improvement over 
former compasses of the marine type 
which were placed on the floor of the 
cockpit. 

The Sperry Turn Indicator was intro- 
duced in 1918. It was so basic in design 
that practically every airplane that flies 
today carries an instrument of that 
type. A few years later another basic 
fhght instrument appeared on instru- 
ment panels— the Sperry Directional 
Gyro. Being non-magnedc, it elimmated 
the swaying needle and magnetic error 
of the usual compass, and is still found 
among the dozens o£ amazingly accu- 
rate flight instruments on Which pilots 
depend today. 

Sperry flight research has grown many 



Jn9trumMt panol of a Sperry **itying laboratory** ehowmg the laet word in 
modern flight inetrumentation. 


times over, and it embraces the new 
science of electronics m many of its 
projects. Under the^stimulus of wartime 
demand, new devices have been devel- 
oped in record-breaking time — and in 
record-breaking numbers. 





UK 




Sperty engineers testing intricate 
flight instruments in a 
** flying laboratory** 


Many of these developments are se- 
cret. But it is one of the few compensa- 
tions of war that many of them will 
someday be adapted to peacetime use: 


Radar . . . automatic flying devices . . • 
new types of compasses such as the 
Gyrosyn . . . the Attitude Indicator . . . 
instrument landmg systems • . . airport 
traffic control instruments . • • and many 
others. 

When that time arrives, Sperry’s re- 
search laboratones will tackle the task 
of making peacetime flying safer, swifter, 
more economical, and more comfortable. 

WAR BONDS-^TO HAVE AND TO HOLOl 



CORPORATION 

30 Rockefeller Plaza, New York 20 


FORD INSTRUMENT GO., INO. 
SPERRY GYROSGOPE GO.. INC. 

Vickers incorporated 

Wftt«rbui 7 Tool Dtfiilon, ViCKKRS INO. 
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left St John’s, Newfoundland, on June 14, 1919 and arrived 
at Clifden, Ireland, on June 15, flying 1960 miles in 16 hours 
and 12 minutes, with fog and clouds imposing blind flying 
on them for part of the way In another fine achievement, 
Lieutenant John A MacReady, USA, flew non-stop 
coast-to-coast on May 2-3, 1923, a precursor of transcon- 
tinental services to come later Major A1 Williams made 
a speed record of 266 59 miles an hour on November 4, 1923, 
in a Curtiss Racer Biplane, which emphasized the tremen- 
dous advance m speed that had been achieved since early 
days Transatlantic flights from east to west weie long un- 
successful because of contrary winds, and casualties m 
the North Atlantic were frequent 
Then there came the world’s most famous flight Charles 
Augustus Lindbergh left Mineola, Long Island, on May 20, 
1927, and landed at Le Bourget, the Pans airport, on the 
evening of May 21, 1927, after covering 3605 miles in 33 
hours and 39 minutes He flew alone in the “Spirit of St 
Louis,” a small monoplane, heavily overloaded with gas 
Carrying a few sandwiches and little special equipment, he 
succeeded because of courage, careful preparation, and an 
innate flying and navigational ability such as few have 
A wave of enthusiasm swept the world when the great news 
was broadcast That an American boy had succeeded single- 
handed, with little help from others, in crossing the wide 
ocean, renewed faith in the future of aviation, and con- 
tributed more to the public support of flying than any other 
smgle event It has sometimes been said that Lindbergh did 
little for the conquest of thq Atlantic compared with the 
meticulous survey flights of Pan American Airways True— 
but morale may count even more than technical prepara-^ 
tion Lindbergh was soon followed by Chamberlain who,‘ 



Folding Hings, such as on Curtiss Helldivers, have 
greatly increased aircraft earner effectiveness 


with his passengei Levine, almost reached Berlin from 
New York, and by Admiral Byrd who reached France after 
many mishaps 

Meanwhile, it was becoming apparent that air transport 
in the United States would be on a sounder footing if air 
mail were placed in the hands of private contractors who 
could provide passenger facilities and thus lessen the cost 
of air mail to the nation Accordingly, February 2, 1925, 
passage of the Kelly Bill provided for the transference of 
air-mail operation to private contractors This meant that 
the small, poorly organized, struggling air services could 
grow mto well-financed organizations of national impor- 
tance There was another helpful factor in the situation 
William B Stout had designed and built, with the support 
of Henry Ford, the Ford tri-motor Mr Ford was so im- 
pressed with this excellent ship that he manufactured them 
on a scale large for that day, and was content to produce 
them at a substantial loss 

rmST AIR FREIGHTERS— On April 3, 1925, Ford began an air 
service out of Detroit to Chicago and Cleveland, carrymg 
his own freight exclusively, but operating with the regu- 
larity of a public carrier, and the experience {gained with 



One of the Douglas super-clippers, on order by Pan- 
American Airways, that will carry 108 passengers 


the tri-motor was to serve others By 1926, 12 air-mail routes 
had been awarded under the terms of the Kelly Act, and 
stronger compames began to emerge such as National Air 
Transport, capitalized at $10 500,000, with the support of such 
personalities as Howard E Coffin of 'Hudson Automobile, 
Colonel Paul Henderson, sometime Assistant Postmaster 
General and “Fathei of the Night Mail”, Philip Wrigley, 
William A Rockefeller, Charles A Lawrance, and other 
distmguishcd men 

The Air Commeice Act of 1926 became the legislative 
cornerstone of civil aviation An Aeronautics branch was set 
up in the Department of Commerce, and William P Mac- 
Cracken, Ji , was appointed Assistant Secretary of Com- 
merce for Aviation He did excellent work m regulation and 
in the construction of airways Latei came the organization 
of such widely known airlines as United, Transcontinental, 
and American Airways The airlines grew m the amount of 
mail and number of passengers earned They lost money, 
but their backers were apparently satisfied that they were 
laying foundations for the future 

Trouble later arose, however, over air-mail contracts 
allocated in 1930 by Postmaster General Brown They were 
canceled in 1934 by Postmaster General Farley on the ground 
that the fees allowed the companies weic excessive Presi- 
dent Roosevelt ordered the Army to carry tlie mail But the 
young Army pilots were unfitted to fly mail planes in all 
weathers and at night, and many planes and lives were 
lost Finally, the President ordered the air mail returned to 
the same private contiactois on a different basis On August 
22-23, 1938, the Civil Aeronautics Act was passed, creating 
an authority for civil aviation and helping the industry 
grow still faster in mileage, in passengers earned, m navi- 
gational aids, in air traffic control, and in safety When 
World War II overtook the United States, the Air Transport 
Command profited by being able to draw on the skill, ex- 
perience, and personnel of the airlines to carry supplies and 
munitions to the far comers of the world 

FLIGHT LABORATORIES — Aviation research deserves as high 
a place in the annals as air transport, and provides an 
equally interesting story Both Langley and the Wrights 
placed reliance on laboratory methods, and set a tradition 
of aerodynamic research that has been followed ever since 
But just as the United States neglected the airplane in the 
country of its birth, so America allowed Europe for many 
years to lead in scientific progress The first really well- 
equipped aerodynamic laboratory was that of Eiffel, the 
builder of the famous tower, who built a wind tunnel in 
Pans with his own funds and accumulated much aerody- 
namic information, being most active between the years of 
1910 and 1916 

The English did fine work at the National Physical Labora- 
tory, and issued the first reports and memoranda of the 
Bntish Aeronautical Research Committee in 1909 It was 
in these early reports that Lord Rayleigh applied the theory 
of dynamic similarity to the interpretation of model aero- 
nautics 

The Germans, prior to World War I, were concerned great- 
ly with the theory of aerostatics During the war they con- 
verted the vortex theory, established by Lanchester, an 
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the touch of tomorrow in 


THE PLANES OF TODAY 



Leads for a Landing on Nippon 


Into the ‘spacious hold of the Packet will go lethal cargoes 
—destination Japan Guns, light tanks, shells, trucks or 
paratroopers, material and men for victory in the Pacific 
will he airborne in the Army’s '"flying boxcar,” the new 
cargo carrier designed by Fairchild and built by Fairchild 
and North American Aviation 

The Packet, first airplane produced specifically for 
cargo transport, can carry up to nine tons Its range, with 
lighter loads, is more than 3,500 miles. 

Forty-two paratroopers with lull equipment can be 
''delivered” thiough two jump doors in the stern, clear of 
any obstruction An ingenious device sends equipment 


parathuting through special doors in the belly, simul- 
taneously with each paratroopei’s jump 

The Packet is loaded with extreme ease Its fuselage 
floor lb level and at standard tiuck-floor height. Cargo 
capacity is 2,312 cubic feet— about 88 per cent of the 
capacity of a standard railroad boxcar. 

This all-metal, twin -engine, flying boxcar possesses 
characteristics inherent in all Fairchild products, "the 
touch of tomorrow in the planes of today.” With but 
minor modifications it will become an efficient and profit- 
able carrier of cargo in peacetime commerce, the flying 
boxcar of the new air age.. 


i^i^AIRCHILD.lii 


U. S WAR BONDS AND STAMPS 


GINE AND AIRPLANE CORPORATION 


30 ROCKEFELLER PLAZA, NEW YORK 20. N Y 


Ranger Alrcrofl Engines Division, Farmfngdale, L I 

Subsldforyi Al Fin Corporation New York, N Y 


Fairchild Aircroft Division, Hagerstown, Md • Duromold Division, Jofhestown N Y 

a Affiliate* Stratos Corporation New York N Y 
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Englishman, into the Prandtl vortex theory, giving it, how* 
ever, sounder eiqposition and application. 

In Russia, Joukowski discovered the theory of the circu* 
lation of lift quite early, though Kutta in Germany seems to 
have made the same discovery mdependently at about the 
same time Prandtl and his associates at Goettingen led in 
aerodynamics for a good many years until German science 
deteriorated under the Nazis 

In the Umted States, a historic date in aerodynamic re- 
search was the passmg of an Act of Congress on June 30, 
1916, by which there was established the National Advisory 
Committee for Aeronautics The NACA soon after estab- 
lished a Memorial laboratory at Langley Field, Virgima, 
which has remained in the lead ever since, approached but 
never equalled by the Deutsche Versuchsanstalt fier Luft- 
fahrt near Berlm, the French laboratories at Chalais- 
Meudon, and Guidoma, the aeronautical research city built 
by Mussolini near Rome 

Research at Langley Field has been marked by such 
achievements as the first full-scale wind tunnel, the first 
compressed-air wind tunnel, the development of the NACA 
cowl for air-cooled engines, the laminar flow wing, and 
studies of high-speed compressibility effects The Army sta- 
tion at McCook Field, Dayton, Ohio, established in 1917, and 
its successor, Wright Field, have originated little, but have 
served to point out to industry the requirements of military 
aviation, and have provided magmficent testing facilities 

During World War II, Wright Field has grown to enor- 
mous proportions in personnel, with huge high-speed labora- 
tories, test stands for engmes of more than 3000 horsepower, 
and the most complex equipment for full-flight testing 
The Philadelphia Naval Aircraft Factory and the National 
Bureau of Standards are other government institutions con- 
tributing to aviation research In aeronautical education, 
the United States has always led It began on an important 
scale when Daniel Guggenheim endowed in 1925 the Gug- 
genheim School of Aeronautics at New York University 
A few months later the Daniel Guggenheim Fund for the 
Promotion of Aeronautics was established Under its auspices 
there were endowed successively Guggenheim schools or 
laboratories at the Massachusetts Institute of Technology, 
the California Institute of Technology, Stanford University, 
the University of Michigan, and the University of Washing- 
ton 

INDUSTRY'S CONTRIBUTION — Invention and development 
of the airplane as well as engines, accessories, and instru- 
ments have been a matter of American industry Never has 



Air«freight operations of the future are foreshad, 
owed 111 this view of the Army^s newest cargo plane, 
the Fairchild C-82 Packet* Design is such that 
huge trucks and vans can hack right up to the en- 
trance of the cargo hold* Direct loading and un- 
loading are possible because the floor of the hold 
is level and at truck-bed height. The Packet can 
carry 2312 cubic feet of cargo weighing nine tons 


American genius manifested itself in so many varied and 
versatile ways as in the promotion of the American aviation 
industry from its begimung with the Wright biplane to the 
producUon of the giant B-29 and the jet-propelled Lock- 
heed ‘‘Shooting Star” Manly’s 50-horsepower engine has 
been succeeded by IS-cylinder, two-row, air-cooled giants 
developing well in excess of ^00 horsepower 

In this connection, it is interesting to recall a few famous 
names Charles L Lawrance, who began his work m a small 
loft factory in the early 1920’s, is certainly the father of the 
American air-cooled engme. Elmer Sperry invented the 
automatic stabilizer now installed on every airlmer and 
bomber Douglas, who entered aviation as an engineer, has 
become one of our leadmg manufacturers; his Douglas DC-3 
airliners have been used in greater numbers on the airlines 
than any other craft. Dr. Sanford Moss is worthy of special 
praise because his work on superchargers made it easier to 
build turbo- jets. 

Two of the many companies that have contributed to the 
common advance are Bendix Aviation, with innumerable 



Thousands of Army pilots received their first train- 
ing in the sturdy, dependable Fairchild PT-19. More 
than 10,000 primary trainers of this design were 
manufactured by Fairchild and four other con- 
tractors. Nine other United Nations have used the PT. 

19 for training. The two-place plane has a top speed 
of 125 miles an hour and climbs 655 feet a minute 

accessories and instruments to its credit, and Aluminum 
Corporation of America which did fine work in fostermg 
modern construction in light alummum alloys 
In the field of accessories, there are Fairchild Camera, 
Dzus Cowl Fasteners, Booti^ Elastic Stop Nuts, Cleveland 
Pneumatic Oleo Shock Struts, and many others 
Modern military aviation is an immense subject in itself 
From the flechette of 1915, military destruction from the air 
has come to the 11-ton volcano bomb, from the revolver and 
light machine gun of World War I it has developed to the 
point where the massed rocket guns of a combat airplane 
are equal in fire power to the broadsides of a light cruiser 
Military aviation has not won the war but superiority in 
air power has been necessary to bring victory in sight 
Without It, the United Nations could never beat Germany 
and Japan 

For the future, it can be said that World War II has given 
impetus to build faster and larger transports, that jet 
engines will eventually drive civil aircraft through ^e 
air at supersonic speeds, that radar will conquer fog and 
darkness 

Humanity is truly entering on the Air Age which will 
push the science of transportation to unforeseen achieve- 
ments or else bring modem civilization to complete ruin 
The alternatives depend on whether the ever-groidng 
power of aviation for good or for evil can be controlled and 
directed into those channels which will lead to the most 
effective utilization of its possible benefits. 
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I Sky Litter stanchions and 
supports folded back 



2 Sky Seats folded back 

3 Sky Seat ready for use 

4 Hvans Rod -and -hook tie- 
down equipment in use 

5 Evans Sky Floor with sock- 
ets for litter stanchions and 
rings for Sky loader hooks 

6 Rope tie-down equipment 
in use with other cargo. 


Air Transportation Rides the Beam to a Bright Future 


The rapid development of Evans Sky Products in the past few years due 
to war’s demands promises many new ideas in post-war air transpor- 
tation. For, thanks to the adaptability of Evans Sky Floors and other 
Sky Products, a transport plane can quickly be changed from a cargo- 
carrier to a passenger plane, or can be used to carry both cargo and 
passengers at the same time, depending upon the waiting load 

Airline operators will thus be able to render better service, keep certain 
types of planes operating profitably and "in the air” more hours per 
day. And the air-traveling public and shippers of air-cargo of all kinds, 
shapes and sizes will benefit from more flexible flying service at 
lower cost. 

Evans engineers are planning for even greater future progress in Sky 
Progress . . . and their services are always available to airplane manu- 
facturers and airline operators. Write for the latest issue of "Sky 
Loadown”--an informative illustrated publication you’ll be sure to 
find interesting. 


In the AAFATC transport plane 
illustrated two types of Evans 
cargo tie-down equipment are 
in use, as well as one Evans 
wall-seat for passengers 
and there is still room to drop 
the Evans litter-stanchions hold- 
ing four litters each This elas- 
ticity of use so vitally important 
to transport planes now in the 
Armed Services can be devel- 
oped into a much wider variety 
of applications for peacetime 
Air Transport. 



SKY PRODUCTS DIVISION 

EVANS PRODUCTS COMPANY 

DETROIT 27, MICHIGAN 
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Conducted by EDWIN LAIRD CADY 


Bearing 


Down On Friction 


Certointy of Action Under Varying Conditions, Plus Savings in Power, 
are Two of the Ways in which Anti- Friction Bearings Are Making for 
Faster and More Accurote Production in Americon Industry To Gain 
these Great Advantoges, Scrupulous Maintenonce is Needed 


B all and roller (anti-fnction) 

bearings are making the modern 
airplane possible just as in their day 
they made the bicycle and the auto- 
mobile possible Army authorities have 
said that, without anti-friction bearings, 
feathering of propellers could not be 
done, the automatic pilot would be 
impossible, no man would be strong 
enough to operate the manual con- 
trols of a B-29, and the Norden bomb- 
sight could not be aimed accurately 
Many of the advantages of anti-fric- 
tion bearings he in their abilities to 
save power Airplanes soon to fly will 
have more than 5000 kilowatts of con- 
nected electrical power in them This 
means more than the amount con- 
nected in an average sized factory, 
more than enough for a small town 
Anti-friction bearings can save up to 
90 percent of the power that otherwise 
would be wasted as bearing friction 
Without them the hundreds of motors 
and controls in a plane would have to 
be made so much larger and heavier 
for extra power that the increased 
weight and space problems would be 
out of all proportion 
Important as power saving may be, 
it is not the most important contribu- 
tion that anti-friction bearings make 
to airplanes and other machinery In 
mounting after mounting the ‘iife 
and death*’ factor is the knowledge 
that “X” amount of power applied to 
an anti-friction bearing device always 



An engineer meosurei ten millionths 
of on inch tolerance in o beoring 
by the use of o microscopic goge of 
greet power designed for this work 


will produce “Y” amount of motion 
or force where it is needed — that the 
amount of power consumed by the 
bearings will be the same without re- 
gard to load, weather, warming-up 
period, or anything else 

Sureness of action under a given 
force IS a way m which anti-fnction 
bearings add to the controllabilities of 
machines Sureness of the positions of 
the shafts or other members carried 
by the bearings is another In really 
accurate anti-fnction bearings a shaft 
will not get out of position because of 
bear mg wear, or changes in the thick- 
nesses of lubricant films, or expansion 
of the bearings as a result of the heat 
of running friction Gears or any other 
parts which depend upon their ac- 
curacies for much of their strengths 
can be mounted on anti-friction bear- 
ings and if placed in accurate aline - 
ments they will stay that way 

SCRUPULOUS CARE NEEDED—The trouble 
IS, while anti-friction bearings are sav- 
ing all this power and adding all this 
control, they themselves are helpless 
unless handled with contiol They have 
to be made by the most controlled 
methods, installed under the most con- 
trolled conditions, maintained (when 
they need any maintenance at all) by 
men who never grow careless That is 
why, after 50 years of use, anti-friction 
bearings still are only a fraction of all 
the bearings used Where they are 
needed nothmg can take their place, 
where not needed they often are too 
exacting in the accuracies and other 
control measures demanded of their 
users 

Many a machme shop got its first 
lessons in accurate assembly-line con- 
trol when It first installed anti-fnction 
bearings m its products If kept clean 
and if mounted in highly accurate parts, 
the anti-fnction beanngs would per- 
form flawlessly through astonishingly 
long service lives If allowed to get 
dirty or if mounted with shafts and 
housings that did not match their own 
high accuracies, they would fail quick- 
ly. For all but slow speeds and light 
loads, therefore, machmery makers 
learned how to machine and grind 
accura^ly and to run dust-free as- 
sembly' lines— or else they left anti- 



The thimble is filled with the tiniest 
steel bolls in the world, meosur- 
ing 1063 inch in diameter, developed 
for the Army's Norden bomb sight 
The steel in the lorger boll would 
moke 156,660 of the smaller beorings 

friction bearings out of their calcula- 
tions 

The anti-friction bearings makers 
learned this same lesson early Before 
the turn of this century it was well 
known that the load- and speed-carry- 
ing ability of a ball or roller bearing 
depends upon control in its making — 
control of the quality of raw materials, 
of the accuracies of its parts, of the 
cleanliness of its assembling and pack- 
aging Inspection operations alone make 
up more than 50 percent of the costs 
of manufacturing any good anti-fric- 
tion bearing 

Control brought demands for still 
higher control When the machinery 
makers got used to bearings that would 
keep heavy loads in accurate aline- 
ment on shafts turmng at 5000 revolu- 
tions per minute, they asked for bear- 
ings ^at would handle heavier loads 
at 20,000 revolutions per minute Bear- 
mgs makers who had been thinking in 
terms of 0001 inch for both smoothness 
and accuracies of bearing parts soon 
had to go to 00001 inch And so the 
anti-friction bearings which had been 
the fathers of accuracy in so many ma- 
chine shops became the sons of that 
accuracy in the plants where they were 
manufactured 

The bearings makers are now work- 
ing to accuracies — where these ac- 
curacies are needed — of ten millionths 
of an inch as the greatest error per- 
missible on the size of a part and one 
millionth of an inch on the smooth- 
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In a bomber a GUNNER uses a new 
gunsight lamp that permits him to aim r 

directly into the sun — blasting enemy planes 
that otherwise would be invulnerable 
because of the blinding glare. 

the name on the GUNSIGHT LAMP is Westinghouse 


On a railroad an ENGINEER gets 
smoother operation — and 25 /r more power 
— from his steam locomotive because of a 
revolutionary new steam turbine drive. 

,,t}ie name on the TURBINE DRIVE is If estinyhouse 


In an Army arsenal a BALLISTICS 
EXPERT photographs projectiles, smashing 
through armor plate, with an x-ray tube that 
takes a picture in l/hOOOJOOOth of a second. 

the name on the X-RAY TUBE is fVestinghouse, 


On a carrier a PLANE DIRECTOR uses 
a new kind of elevator to hoist planes on 
deck faster — keeping the deck cleared and 
getting fighters into the air quicker. 

^ . . the name on the ELEVATOR a Ifistinghouse^ 






WjstiiiAouse 

n/iMrs IN 2$ ants QttKst tvtMvwMt»t 

Tun, in JOHN CHARLES THOAfiS Sunday 2 30 pm. hWT, NBC 
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TODAY — Webtinghouse skill in research and engineering 
IS constantly at work, developing new and better war 
tcrials for final Victory. 

•^TOMORROW — This same research and engineering skill 
will mean more dependable, more efficient industrial equip- 
ment and appliances for the home 
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ness. And the end is not in eight Bear- 
ings makers are among the most ex- 
acting buyers of steds and other mate- 
rials— companies like SKF and Timken 
even make their own steels. Bearings 
makers are quick to buy any inspec- 
tion instrument or production machine 
that will increase accuracy. They will 






J 

•' 


! 



Vii.;''' 



Momtesoiice work such ei pulling o 
beering from o shoft must bo core- 
fully controlled ond perfectly clean 


find out how to turn out better and 
better products, and with every im- 
provement m anti-friction bearings 
will come improvements in the con- 
trollabilities of many kinds of machines 

Fine electrical instruments are ex- 
amples of what IS going on The classic 
type of bearing for these is the hard, 
smooth jewel. And jewel bearings will 
continue to be used m millions of 
instruments. But for the hard shock- 
load conditions or extremely heavy 
vibrations of war planes something 
equally low in the amount of power 
consumed but far less brittle had to be 
found. 

MICROSCOPIC BEARINGS-^pecial ball 
bearings filled the bill. They are so tiny 
that a thimble will hold more than 
SOOO of the balls which go into them, 
more than 360 of the completed bear- 
ings. Using them, every plane can have 
row after row of instruments each of 
which— so far as its bearings are con- 
cerned-will perfonn with complete de- 
pendability. 

The hi^ production of instrument 
bearings needed for aircraft means a 
lot to all other industry. Soon, instru- 
ments with these bearings in them will 
be on looms, on punch presses, in the 
cabs of locomotives, in all sorts of 
places where shoclu and vibrations 
had been extremely bad for instru- 
ments The bearings industry knew all 
along, of course, how to make such 
tiny bearings, but before the produc- 
tion of planes zoomed as a result of 
the war, there was no one market with 
enough demand to pay for learning 
how to make them at low prices. Now 
the reasonably priced tiny bearings 
are here, and they are made to ac- 
curacies that make any ordinary **fine 
watch** look like a lawn mower by 
comparison. They will be doing things 
for post-war automobiles, wiuhlng 
machines, and passenger elevators. 

Anti-friction bearings axa an pld 
story but at the same time an ever 
new one to the machine-tool industry. 
Long ago the machine-tool makers 


started using them to cut down the 
power demanded. And as machines 
needed more and more power sources, 
with sometimes as many as 30 indi- 
vidual electric motors on one machine, 
the power savings became more and 
more important But, as has been the 
case with so m%ny devices, the cer- 
tainty of positkm and of control of 
parts mounted on thm is becoming the 
real contribution of anti-fncUon bear- 
ings to the metal working arts. 

Tungsten carbide tools brought this 
out many years ago The speed with 
which a machine tool does its work 
often can be multiphed five times or 
more by the use of tungsten carbide- 
provided all members of the machine 
are steady, accurate, and rigid enough 
to keep fluctuating loads from break- 
ing these tools Anti-fnction bearings, 
preloaded to take out their initial elas- 
ticities, support the spindles with the 
necessary rigidity. 

Even more important, anti-friction 
bearings permit the electric meters on 
the mach^es to tell true stories of how 
much power is going mto the work it- 
self One of the properties of these 
bearings is that, clear up to their 



Designed especiolly for railroad use, 
this Timken beoring fits into exist- 
ing trucks without requiring chonge 


breaking points, they consume only a 
little more power under heavy loads 
than imder light ones Thus when a 
machine-tool operator glances up at 
the electric meters on a machine which 
has anti-frietion bearings throughout 
its power drive he knows that practi- 
cally all the power registered on those 
meters is going into the working of 
the metal. If those meters idiow too 
high or too low power readings, he 
knows that something is wrong and he 
can shut down his machine or make 
the necessary adjustments before work 
is spoiled or harm is done to the tools 

IN STEEL MILLS-Certainty of the 
amount of power being used at the 
bearings caqsed anti-hiction bearings 
to be used In steel and brass rolling 
mills. With banks of electrical l^tru- 
ments before him, the operator of a 
mill can tell exactly how much power 
is being used in work done in die steel 
Itself, can compare this with ^e tem- 
perature of die metal and the exact 


amount that each pass through each 
set of rolls is reducing it, and thus 
know exactly what his machinery is do- 
ing Modem continuous strip mills 
were impossible before such certainty 
was obtained. Now, when anti-friction 
bearings make engineers certain of ex- 
actly what positions their rolls will oc- 
cupy under given amounts of pressure, 
as well as how much power will be 
consumed by the bearings, there is no 
guessing what advances v^l be made 
m new accuracies of rolling, new sur- 
faces on steel, new cladding and lami- 
nating, new applications of powder 
metallurgy, and a hundred and one 
similar improvements. 

Certainty of the amount of power 
used is sellmg anti-friction bearings to 
the railroads Power savings are im- 
portant, of course, but the railroads got 
along for a hunted years by putting 
more power m the locomotive to com- 
pensate for any extra demand at the 
car Journals. The one thing they could 
not do without anti-Mctien bearings 
was to be sure that no matter how 
heavy the load in the car, how high the 
spee^ how rapid the acceleration or 
deceleration, and— within limits— how 
cold the weather, the power used at 
the journals would always be nearly 
the same as well as extremely low 
Anti-friction bearing journals start in- 
to motion with only about 2 percent 
more friction than their running fric- 
tions, whereas their predecessors need 
twice as much power to start as to keep 
going This means that the anti-fric- 
tion bearing tram has much greater 
certainty of starting smoothly It also 
places much less starting load on the 
locomotive And while the anti-fnction 
bearings will not contribute so much 
to the braking of the train on a down 
grade, the engmeer always knows ex- 
actly how much they will contribute 
and that it will always be the same 
amoimt 

This same exactness of operation is 
putting anti-friction bearings into re- 
mote controlled and automatic con- 
trolled machines. An operator in a 
control tower may flip a switch to turn 
on a pump miles away from him; he 
has to be sure how much liquid that 



A hypodermic syringe is used to put 
0 drop of oil in these tiny bearings 
White gloves, gown, ond cap worn by 
the operator safeguard against dirt 
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Wherever accuracy 
is imporl'ant. . . 
so is accuracy CONTROL! 
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• Close -limit machine work calls for in- 
spection standards regularly checked and 
re-established wherever necessary. Equip- 
ment for this kind of gage-testing used to 
be very costly. But not now. Johansson 
Gage Blocks are priced as low as $23 a set, 
with case — $3.50 for single blocks. They 
come in accuracies of .000004 and .000008. 

Every shop that works to thousandths 
or closer — whether on production, 
adjustments or repairs, needs-— 


They will put your shop on a basis of en- 
during accuracy. May we send you a cata- 
log with full details — sizes, accessories, 
prices? Write todaj. 


FORD MOTOR COMPANY 

Johansson Division 
Dept. SA-12 Dearborn, Mich. 



Jo 

GAGE BLOCKS and ACCESSORIES 
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pump will deliver and that this amount 
IS not being changed by variationfl in 
the bearing frictions of the pump and 
its motor. A chemicals process may 
have hundreds of electrical instru* 
ments, each of which is automatically 
contrc^lng the amoimts of power be- 
ing fed to electric motors; the chemical 
engineer must be certain that a varia- 
tion in that power means a similar 
variation of the work done by the 
machines and^ not a variation of the 
power used by the bearings 

MAINTENANCE fROILEMS— Such cer- 
tainty^ of course, is not being obtained 
without a little added trouble And one 
of the greatest troubles can be in the 
maintenance department 

Anti-friction bearings do not always 
add to maintenance troubles Many of 
them have their lubricants sealed m 
for life, they never have to be oiled 
and never have to be cleaned as long 
as the machines they serve last Many 
more have so much greater capacities 
than the loads imposed on them that 
they will run for years with no more 
servicing than an occasional addition 
of clean lubricant 

But when anti-friction bearings do 
need servicing the maintenance men 
must pay as much attention to cleanli- 
ness and to careful handling as the 
original installation men — ^there is none 
of the carefree abandon with these 
bearings that so often is found in 
mamtenance departments 

Just as many a machme shop got its 
first lessons m clean and accurate as- 
sembly methods when it first installed 
anti-friction bearings, many a main- 
tenance shop is being air conditioned 
so it can keep Its Windows closed on 
hot days when it services these bear- 
ings But then, plenty of the highly 
accurate gears and motors and other 
devices which use anti-friotion bear- 
ings need this same cleanliness And 
so these bearings, the fathers of con- 
trol in machme-building methods, are 
the fathers of control in maintenance 

m 9 ^ 

FLAME SPRAYING 

Opens New Engineering 

Fields for Plastics 

The FROCES8 of heating a metal wire 
in a flame and then, with an air blast, 
depositing the molt^ metal on a sur- 
face which is to be built up or re- 
paired, has been known since the early 
1920*8. It was called **metalHzing** be- 
cause nobody ever dreamed diat it 
would be used to apply any other sub- 
stance than metal. 

Now Du Pont announces that poly- 
thene, a plastics, can be flame-sprayed 
like 1 metal. 

There is no sign that other plastics 
makers have paid much attention to 
such poatibilitiM But there is no rea- 
son why a wide list of thermosetting 
plastios should not be susceptible to 
being heated and then spray^ by air 
blast The heating ten^ierature does not 
have to be high enou^ to melt metal 
The plastics does not luve to be run di- 


rectly into flame as is metal. For many 
a plastics the air for the blast could be 
pxiheated to a temperature sufficient 
to spray the material. 

Polythene is an excellent electrical 
insulator and is tough and resistant 
to brines, chemicals^ and other corro- 
sive « agents. It could be flame-sprayed 
over the contacts of electrical appara- 
tus— the electrician could wire-up his 
job and then insulate and protect all 
of the terminals. He could renew dam- 
aged insulation while the wiring was 
“hot** or carrying current 

Plenty of heat sprajring of plastics 
could be done to provide finishes, fill 
up worn spots, provide, special protec- 
tion against weather or corrosives, and 
so on 

But one thing is sure If very many 
plastics are applied by this method, 
then a new name or a series of names 
will have to be coined *‘Heat-spraying** 
could be used as a generic term for 
the whole process, with “metallizing** 
remaining for the application of metals 
and **fiame-8praying** applied to any- 
thing which is melted directly by the 
flame 

TORQUEMETER 

May be Applied to Obtain 

Greater Machine Efficiency 

K^achine tools and all kinds of pro- 
cess equipment for paper mills, chem- 
ical plants, and oil refineries moved 
one step farther toward perfection of 
control when Westinghouse Electnc 
and Manufacturing Company developed 
its magnetic-coupled torquemeter. 

Originally worked out for aircraft 
engines, this instrument measures the 
Oiinute amount of twist which occurs 
in the steel shaft that connects the 
engine to the propeller Since the 
exact amount of twisting which that 
shaft will do under any given twistmg 
stress or “torque** is known, by 
measuring this twist the exact amount 
of power being delivered by the engine 
also IS known 

It IS important to machine operators 
to know the amounts of force being 
delivered to cutting tools, nuxlng 
paddles;, and other devices In machine 
tools that force is a measure of the 
kind of work being done on the ma- 
terials being fabricated In papers, 
chemicals, and the like, that same force 
detemunes the work done on the 
materials by the process, and this in 
turn affects the qualities and properties 
of the finished products 

The ordinary way to measure the 
amoimt of work being done is to 
read electric meters attached to the 
motors which drive the machine But 
these meters can tell only the total 
amounts of power fiiat the motors are 
delivering Between the motors and 
the points of work may be shafts, 
bearings, gears, and other devices, each 
of which can consume varying amoimts 
of power under varying temperatures, 
amounts of wear, and other conditions. 

The torquemeter would be attached 
to the final drive shaft as close to the 
actual point of work as possible. Its 
invisible magnetic ^^fixigers’* in the form 
of air ga^ would pick up variations 


m the amounts of twist imparted to the 
shaft and convey these variations to 
instrument bosrds or to automatle con- 
trols. 

Right now the principal use of the 
torquemeter is to enable the airplane 
pilot to adjust his engine speed, pro- 
peller pitch, and carburetor pressure 
to get more mileage from each gallon 
of gas. But, with ^e, the refinements 
in the production of aircraft com- 
ponents resulting from the use of these 
torquemeters in the plants which make 
parts for planes will result in far 
greater flight economies 

V-DAY FROBLEM * 

Raised by Instructions ^ 

For Storing War Equipment 

K^anufacturehs who have large 
plants crammed with government- 
owned machinery and who expect to 
move this out and put in their own 
machines at war’s end, are staring 
gloomily at government regulations for 
the care of the war equipment The 
government does not intend that its 
property shall suffer between shut- 
down and resale, but expresses little 
concern about who will perform the 
labor and pay the bills for protecting 
it 

Trouble will be plentiful According 
to government order P S 300-4, if 
machines are to be stored for more 
than 90 days in open or closed storage, 
somebody has to 

Remove all removeable accessories, 
apply one protection to non-critical 
surfaces and another to highly finished 
ones 

Wrap loose parts as prescribed; pack 
them in boxes which shall be attached 
to the machine skids. 

Drain lubricant systems, clean them, 
refill with AXS-Grade 2 or with AXS- 
934 Grade 1 or USA 2-120 protective 
compounds, depending on whether they 
origmally contained SA£ 30, SAE 10, 
or light spindle oils respectively. 

Clean coolant system with fresh 
coolant, refill with AXS-674 or AXS- 
394, putting in enough so lubricant can 
be circulated through entire system 
Operate machme under no load long 
enough to coat entire system Drain 
Save the excess oil or use it for pro- 
tecting another machine. 

Remove grease from internal gears 
and replace with clean lubricant. Take 
the oil out of oil-lubricated journal 
boxes and refill with AXS-934 Grade 
1 or 2 as required. 

Drain hydraulic systems, refill with 
AXS-934 Grade 1, operate machine 
enough to wet all surfaces. Manually 
remove gums and sludges. 

Clean external sturfaces with solvent 
If they rust, dean again with solvent 
mixed with protective (Kxnpound. Then 
coat 3/64 inch thick with USA 2-121 
or USA 2-82 heated and sprayed on. 

Follow minute directions for sealing 
openings, vents, or louvers. Wrap ac- 
cording to exacting specifications. Skid. 
Then find a place to put t^e rnan^e 
while the company’s own equipment 
is moved into the shop. 

It looks as if there would be plenty 
of work for returning service men! 


340 


SCIENTIFIC AMERICAN • JUNE 194S 



PLASTICS ConductKl by CHARLES A. BRESKIN 


Plastics Aloft 


From Froctice Bullets to Helicopter Ports, From Structurol Moteriois 
to Electricol Insulotors, Many Kinds of Plostics Are Essentiol to Avio- 
tion Todoy ond Tomorrow. They ore Both Utilitorion ond DecorotWe 


P erhaps the most unusual plastics 
application to be made public re- 
cently is the frangible bullet which 
sliidb away to powder upon contact 
with the target. Molded of plastics and 
lead, these bullets are now being used 
in training Air Force gunners and may 
m die hdure serve as practice am- 
munition for sections of our armed 
forces 

Until the development of these 
frangible bullets by the Amfy Air 
Forces— in co-operation with the Na- 
tional Defense Hesearch Council; Dr 
Paul Gross, Director of Researi^ of 
Duke University; and research chem- 
ists of the Bakelite Corporation— gun- 
ners went into battle with a distinct 
handicap. Whereas navigators, pilots, 
radio men, and even bombardiers could 
duplicate in training the performance 
expected of them over enemy territory, 
there was no way m which a gunner 
could safely tire a live bullet at a real 
plane flown by a live pilot. The best 
he could do was shoot at targets towed 
through the sky by a fellow flier 
Now, as a re^t of the perseverance 
of Major Cameron Fairchild, who con- 
ceived the idea of these frangible bul- 
lets, gunners can not only aim but 
fire at real planes and have the addi- 
tional benefit of knowing whether or 
not they were on the target Early ex- 
perimental work on the bullet was car- 
ried out with a pellet of tempered glass 
in which the molecular cohesion is 
such that it disintegrates into a fine 
powder when the sensitive tip is shat- 
tered. The glass bullet proved too cost- 
ly, however, and the research workers 
turned to a lead and plastic compound 
which was found to be hard enough 
to go through the mechanism of a 90- 
caliber machine gun, yet fragile enough 
to crumble into fine powder upon im- 
pact with the specially treated duralu- 
min armor employed on the target 
plane 

TAKING THEM UP— While this success 
of plastics in helping to bring down 
enemy planes is of recent ongm, the 
work which these materials have been 
doing to get our planes into the air and 
keep them there dates back to tiie 
early days of flying. When search was 
being made for materials to replace 
the stick-and-fabnc construction of 
the Wrii^t brothers, one of the fiirst 
maiterials tried for wings was a form 
of plywood. In fact, plywood as a struc- 
element of the fitting plane is 
a veteran of World War L The famed 
crates that reconnoHered over the 


German lines and fought it out with 
von Richthofen's Flying Circus relied 
on glued plywood and fabric. 

However, these early laminated 
woods and plywoods, which used al- 
bumin and casein cold-set glues, were 
susceptible to warpage and fungus 
grow^ When the civilian aircraft in- 
dustry swung completely over to the 
all-metal plane, following the success 
of the Ford trl-motor, the United States 
armed forces went along, and until the 
metal shortage became critical with 
America's entry mto World War II, 
little attention was paid to wood con- 
struction 

The early plywood planes had an- 
other disadvantage The veneers were 
first glued together m a fiat press 
Then the sheets were wet or steamed 
and sprung into form This type of 
construction had limitations When the 
flat-pressed veneers were bent to 
compound curves they tended to re- 
turn to their pressed condition, wrink- 
ling and changing shape These objec- 
tions to wood construction were, for 
the most part, removed in the IDSO’s 
with the advent of improved hot-press 
equipment and the commercial avail- 
ability of thermosetting resin adhesives 
m both film and liquid form In fact, 
after improved forming techmques had 
been developed m response to a de- 
mand for more compbtated shapes than 
could be fashioned from fiat sheet, air- 


craft plywood enjoyed a number of ad- 
vantages over the lighter metals Its 
weight-strength ratio is favorable, and 
Its stifhiess outstanding (The 13, or 
stiffness value of aluminum Is 22, that 
of birch plywood is 178 and of spruce 
plywood 416 ) In addition, plywood 
can be molded easily and cheaply into 
monocoque shapes of extreme com- 
plexity, whereas metal fabrication is 
both more difficult and more costly. 

PLASTICS PUNES— In 1938, attention 
was focused briefly on the aircraft pos- 
sibilities m the newer molded ply- 
woods when Clark Aircraft Company 
brought out an experimental plane 
with a plywood fuselage which had 
been molded complete in two hours 
Representatives from the Army Air 
Forces who observed the tests of thui 
plane conceded the practicability of 
plywood parts for light trainer planes 
but could see little possibilities for the 
use of the material in combat service 
Then came the war. The cry was for 
planes and more planes, all types of 
planes 

Among the planes that have rolled 
from the production lines since the 
outbreak of hostilities, the Mosquito is 
noteworthy because it is the fij^ Al- 
lied bomber to take advantage of the 
structural and aerodynamic qualities 
of resm-bonded plywood. And ^e Cur- 
tiss Caravan was the first of ^e huge 
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cargo planes to be similarly con- 
structed To this list can be added 
trainers and gliders, turned out in 
swarms to meet the needs of an ex- 
panding air program. 

Still in the experimental stage is the 
use of glass cloth laminates as struc- 
tural matenals in our planes. Use of 
plastics laminates had previously been 
restricted to non-structural parts such 
as fairings, fillets, and door, because 
physical properties were not adequate 
for primary structures Developments 
in the use of high-strength fibers in 
combination with synthetic resins, how- 
ever, appeared to open an entirely 
new field for laminates having ade- 
quate strength for primary structures 

From among many different types 
of fibers, glass fibers were selected as 
the reinforcing agent because of a 
strength-weight ratio substantially 
greater than that of the other mate- 
rials Furthermore, glass fiber manu- 
facture can be closely controlled, mak- 
ing possible a uniform laminate The 
development of no-pressure, low-tem- 
perature thermosetting resins to take 
the place of high-pressurertype lami- 
nating resins which had proved im- 
practical, overcame the final obstacle 
to the production of plastics laminates 
possessing adequate strength proper- 
ties, low moisture absorption, weather 
resistance, and dimensional stability 

TRANSPARENT ENCLOSURES—Important 
as is the use of laminated wood and 
plywood and glass cloth laminates for 
the structural elements of a plane, these 
applications represent but a fraction 
of the service plastics are renderin'^ 
to the aircraft mdustry It is estimated 
that there Is an average of 200 plastics 
parts in today’s fighting ships of the 
air Many of these applications are in- 
dicated in the accompanying drawinf^ 
Although no one plane may have all 
these parts, all of them — and many 
others — are essential elements in pres- 
ent-day passenger, freight, or fighting 
aircraft 

A wealth of transparent enclosures 
characterizes the modem warplane 
Nose sections, cockpit enclosures, gun 
turrets, observation hatches, blisters, 
windows, tall empennages — any place 
in the plane where it is necessary for 
a man to have clear and unobstructed 
vision of sky or ground— all are fab- 
ricated of acrylic or cellulose acetate 
sheets These plastics sections are fav- 
ored not itlone for their optical prop- 
erties but because they possess other 
qualities which make them eminently 
serviceable. They weigh less than half 
as much as glass, yet are strong enough 
to withstand the wmd preseure en- 
coimtered by planes travelling at 300 
or 400 miles an hour Their extreme 
ease of forming is another factor in 
their favor 

One of the latest developments in 
this type of application is a shatter- 
resiatent plastics glazing capable of 
resisting shook-unpacts, such as the ef- 
fects of penetration by machine-gun 
and oannon fire, or gun-fire concussion 
The need for such a material grew out 
of the increasing use of pressurized 
cabins in war planes which are often 
called upon to operate at high alti- 


tudes, many m excess of 35,000 feet 
Under conditions of pressurized flight 
the transparent sections are under high 
stress. Because of this condition them 
was the constant danger of the glazing 
shattering if penetrated by enemy 
gunfire 

In the absence of a material capable 
of resisting penetration of gunfire, the 
next best alternative was one in which 
bullets make holes of minimum di- 
ameter and which has a limited frac- 
ture area Under these conditions the 
hole may be quickly closed with a tem- 
porary transparent patch. The solu- 
tion proved to be a laminate made up 
of two layers of methyl methacrylate 
resm with a layer of polyvinyl butyral 
resm between them 

NON-STRUCTURAL APPLICATIONS — A 
variety of plastics materials — ^molded 
or laminated plywood, veneer, and cot- 
ton fiber impregnated with phenolic 
resins, among others — have been em- 
ployed for such non-structural airplane 
parts as elevators, flaps, ailerons, sta- 
bilizers, vertical fins, rudders, tabs, and 


controls. And then there are the am- 
munition chutes, ejection hoppers, 
ammumtion boxes, cable guards, and 
fairmgs formed from such materials 
as phenolic canvas-base laminate There 
are a number of advantages to the pro- 
duction of these last named parts from 
plastics rather than metal. The use 
of laminated phenolic effects a saving 
in time as compared to that required 
for the forming of metal, reduces cost, 
and lessens weights In addition, plastics 
fairmgs have less drag since there is 
not the surface unevenness which riv- 
eted metal parts possess 
A fighting plane without its radio op- 
erates omder a severe handicap. In this 
all-important unit of combat equip- 
ment, the supenor strength, impact 
resistance, and electrical properties of 
plastics have been drawn upon by de- 
signers of modem planes The entire 
radio circuit is studded with molded 
phenolic plastics as are those of the 
lighting,^ control, mter-communication, 


and motor systems Circuit breakers, 
switch boxes, toggle switches, panel 
boards, sockets, connectors, terminal 
blocks, switch box covers, meter boxes, 
terminal boxes, junction boxee-«ll 
take advantage of the excellent elec- 
trical qualities of this plastics material. 

For night flying when the plane’s 
lights must be extinguished, illumina- 
tion of instrument panels, switches, 
nameplates, dials, and charts is made 
possible by laminated plastics with 
wiped-in fluorescent markings or by 
fluorescent plastics sheeting. 

LOOKING AHEAD-^With the war still to 
be won it is difficult to give any de- 
tailed information of the exact part 
which plastics will play m post-war 
aviation. Generally speakmg, however, 
we can expect the future commercial 
cargo aircraft to utilize the light weight, 
production speed, high strength, and 
electrical characteristics of plastics in 
many functional parts For civilian 
aircraft will be added low cost, color 
possibilities, and design for eye appeal 

Helicopters, because of their ability 


to hover over a given point, land on 
terrain not easily accessible by present 
transportation standards, and to rise 
and descend vertically ^ould, in the 
future, prove valuable for many com- 
mercial purposes However, before any 
volume m helicopter sales is reached, 
the manufacturers have three problems 
to solve They must make these planes 
safe to operate They must make them 
easy to operate And they must make 
them economical to operate 
It is possible that the fuselage of 
the post-war helicopter, in addition to 
being constructed of li^t metals, will 
feature low-pressure laminates pro- 
duced from low- or contact-pressure 
resins reinforced with glass-fiber fabnc 
or other materials The transparent 
portion of the planes’ bodies be 
even more extensive users of plastics 
The metal parts that will be employed 
in helicopter constiMction will require 
a protective coating against corrosion 
and the elements Even before In- 



Pott-wor fislicopter design os envisoged by Dobner ond Lippincott 
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MOLDING COMPOUNDS 



TOPS IN TOPS 

There’s a good reason why more closures have been made 
from Durez than from any other plastic material In a 
nutshell, it’s because of the unusual versatility of Durez 
phenolic molding compounds Such properties as non- 
bleeding, eye appealing finish, excellent moldability, and 
resistance to moisture, chemicals, alkalies, and teiVipera- 
ture extremes make Durez phenolics the ideal materia! 
for manufacturing closures of all sizes and shapes for 
all purposes These same versatile properties also account 
for the extensive use of Durez phenolics throughout prac- 
tically all fields of industry where the miraculous progress 
of wartime research has made their applications almost 
limitless To the progressive manufacturer who is think- 
ing ahead planning to market his new products during 
the post-victory era Durez offers a line of more than 
300 versatile phenolic molding compounds from which 
to select the plastics that fit the job 


The past four years of wartime ur- 
gencies have advanced plastics’ prog- 
ress by a decade. Many new and un- 
usual applications . . . applications for 
which plastics have proved better 
suited than any otlier material . . . have 
been developed The twenty-five years’ 
experience of Durez technicians com- 
bined with the natural versatility of 





BREAKING A BRAKING PROBLEM 

To be good, a brake lining must possess two qualities to 
the utmost degree heat resistance and durability Asbes- 
ros fiber bonded with Durez phenolic resin has proved a 
tremendously successful formula for brake linings because 
It inexpensively combines the natural heat resistance of 
asbestos with the durable toughness and heat resistance 
of Durez resin to form a finished product that meets the 
highest standards The wide range of properties inherent 
in all Durez phenolic resins renders them invaluable to the 
imaginative design engineer who is in search of a bonding 
or impregnating resin that is really versatile 


OIL SOI.UILF RESINS 



IMPREGNABLE COAT FOR A SEA-GOING BOAT 

Such properties as durability, excellent finish, and resist- 
ance to marine growth, fresh water, salt water, gasoline, 
and oil which Durez resins impart to marine paints and 
varnishes, have made these resins invaluable in producing 
boot topping, topside, and bright-work finishes for boats 
of all types The tremendous progress which Durez lab- 
oratory technicians have made in developing resins for 
protective coatings of every description is reflected in 
their wide wartime use and in a myriad of new appli- 
cations designed for post-victory markets 


Durez phenolics proved invaluable m 
aiding the successful development of 
many of these applications As spe- 
cialists in the production of these 
most- versatile-of-all -plastics, Durez* 
background includes actual working 
experience m practically all fields of 


PLASTICS THAT PIT THI JAB 


industry The benefits of this back- 
ground and the enormous collection 
of data m our files are available at all 
times towards helping you select the 
proper plastic material to fit your job 
Durez Plastics 8c Chemicals, Inc , 536 
Walck Road, North Tonawanda N Y 
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A froii9ibl« bullet on the right; 
on the left, o slug thot hat been 
broken to show texture The pile of 
powder in the middle wot obtained by 
firing a number of frongible bullets 
ogoinst o torget of tough duralumin 

corporation in the plane these metals 
may be well protected by plastics 
When metal parts are stamped out, oil 
and grease are forced into the raw 
metal to reduce heat and friction 
In order to restore the original condi- 
tion of the metal, the surface must be 
cleaned prior to assembly However, it 
has been found that pre-treatment of 
the metal with plastics before the 
stamping operation eliminates these 
cleaning operations and is faster, 
cheaper, and more efficient Vinyl 
copolymer resins are applied as a 
coating which is then baked at ap- 
proximately 300 degrees, Fahrenheit 
These resins cling well to the metals 
to form a protective, flexible coating 
and, regardless of what happens to the 
metal during stamping, the coating 
maintains a continuous protective flex- 
ible film 

It Is safe to say that the three factors 
upon which helicopter sales post-war 
must be predicated — safety, easy op- 
eration, and low cost— will be solved 
Helicopters will not replace the plane 
or automobile, they will not be made 
predominantly of plastics, but they 
will make good use of these materials 
and their sales will run into many mil- 
lions of dollars 
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STEAM GENERATOR 

Saves Power Costs in 

Plastics Molding 

CoMPiUESsiON molding of plastics gives 
indications of being strongly influ- 
enced by a radical electric steam gen- 
erator designed for use on individual 
presses and intended to take the place 
of a central boiler 

This steam-generator unit was de- 
veloped by the Vaportron Corporation 
in co-operation with a number of 
molders who installed the early models 
in their plants for testing purposes 
Basically the operation of the system 
is as follows Water in the steam-gen- 
erating tank D completes the circuit 
between the three electrodes A, B, 
and C, causing a certain amoimt of 
current to flow in the system. A maxi- 
mum flow of current will take place 
when the electrodes are completely 
covered but there will be no flow at 


all when the water level is below the 
bottom of the electrodes Passa^ of 
current between the electrodes heats 
the water to the boiling point The re- 
sulting steam passes through a pres- 
sure regulator O, and through steam 
lines which lead to the pressure tank 
B and to the feed Ime to the mold 
platens G. The return line H is used to 
collect the condensate from the mold 
and return it to the boiler 
Generating steam m a closed system 
causes the pressure to rise When it 
rises enough to lift the diaphragm 
valve, the flow of steam is shut off 
With the steam supply blocked by the 
regulator valve O, the pressure in tank 
E drops until it is less than that in the 
generating tank D The higher pres- 
sure in D as compared with E causes 
the water level to drop m D by reason 
of the fact that pressure in D forces 
the water out through the lower feed 



Drawing of the new steam generator 
designed for use on plostics presses 


pipe into the tank E This action equal- 
uses the pressure in the two tanks 

However, at the same time, the water 
in the steam generating tank D has 
dropped to a lower level on the elec- 
trodes, reducing the amount of cur- 
rent flowing through the water and, m 
consequence, the amount of steam ^at 
is generated. This sequence of events 
causes the steam pressure in D to drop 
still further until it reaches a point at 
which the regulator valve reopens 
and allows steam to flow once more 
through the valve to the mold and to 
the pressure tank E. This comparative 
reduction m pressure permits the water 
to rise on the electrodes so that the 
amount of » current passing through 
the water is once more increased and 
the steam pressure again begins to 
rise. In actual practice, the pressure 
m the feed line to the mold remains 
practically steady while the amount 
of current drawn by this unit fluctuates 
according to the actual steam demand. 

When the flnal model of this steam- 
generator unit was tested on a 150- 
ton press, the average power consump- 
flpn fpj the press was seven kilowatts 


per hour. At an average cost of one 
cent per kilowatt hour» the cost of 
power to generate the steam tor the 
150-ton press was in the neiid^x^ond 
of seven cents per hour. 

It is estimated that a standard boiler 
installation on a 150-ton press would 
consume 60 pounds of steam per hour 
On the basis of figures suppli^ by one 
large utility it is estimat^ the cost 
of this steam would be 7H* cents per 
hour. In addition to power sayings, 
there Is the advantage of increased ef- 
ficiency which is attributed to the use 
of these new steam units 

OFFICE FURNISHINGS 

Employ Many Types of 

Functional Plastics 

^^mcRAFT companies have been among 
the first to realize that the essence of 
comfort and convenience lies in the 
elimination of unnecessary detail. In 
their application of this belief to the 
furnishings of offices and terminals, 
the United Air Lines now employs 
many types of functional and decora- 
tive places materials. Examples in- 
clude Rocoteen for counter facings, 
Marhte for ticket counter tops, and 
transparent covers for tops of tables 
and counters so that time tables and 
other printed matter can be placed 
underneath for ready reference 

Inexpensive chromium-gray pyroxy- 
lin-coated fabric which replaces the 
conventional polished walnut is im- 
pervious to scratch and cleans easily 
The material is reinforced by paddixig 
to absorb shock and is held in place 
by chromium upholstery nails The 
Marlite covers on the ticket counters 
have the advantage of being cigarette 
proof and stain resistant Both color 
and pattern are impregnated in the 
material, which requires neithw wax- 
ing nor polishing 

PLUMBING FIXTURES 

Can Make Good 

Use of Plastics 

Several interesting designs for post- 
war “Dial-Ese** bathroom and kitchen 
faucets have been worked out by Henry 
Dreyfuss for the Crane Company This 
proposed line uses a plastic dial-type 
handle on the faucet instead of the 
conventional pre-war handle. Its oper- 
ation is based on a new principle which 
makes it possible for the water to be 
turned on and off with the same ease 
that is experienced when a radio or 
mter-office communication system is 
shut off or turned on. The new type 
of faucet is reported to be equaUy 
adaptable for use on the kitdien sink, 
the bathroom lavatory, the baflitub, or 
the shower 

Plastics may have many more uses 
in plumbing fixtures No:^es of dish- 
sprays may be of plastics. Or mixing- 
spout faucet and drain connections 
may be mounted on a non-staining 
easy-to-clean plastics panel. But, in 
all applications, careful consideration 
should be given to the properties of the 
material to be used, from the inception 
of the design to final production 
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HIGHWAY TRANSPORTATION Cpnductad by LESLIE PEAT 


Motor Vehicles Post-War 


Will Aircraft Monufocturers Invode the Automotive Field? Will Motor- 
Car Makers Produce Airplanes? Where Will the Parts Manufdcturers Fit 
Into the Picture^ investors and Technicians Alike Want Answers to 
these Questions, Based on Logic ond Established Foct and Experience 


D espite trends in global military 
operations, highway transporta- 
tion in the United States is bound to 
face harder going before things change 
for the better for either operators of 
motor-vehicle fleets or small business 
men, each with his single truck, bus, 
or taxicab 

One important segment of the na- 
tion’s major economic dislocation be- 
cause of the war has been the violent 
upset of the vast manufacturing facili- 
ties that comprise the automotive in- 
dustry No matter when V-E or V-J 
day may come, the whole automotive 
industry faces a long period of read- 
justment and retooling The problem 
is basically one of production engmeer- 
ing, but Ae program probably will be 
confused by the continuation of Gov- 
ernment controls by bureaus and 
agencies which have set their caps for 
maintaining their regulatory functions 
Even were the nation not suffermg 
from the philosophy of Government in 
business, the reconversion of the auto- 
motive mdustry from weapon manu- 
facturing back to peace-time products 
would be an involved affair Some 5000 
manufacturing companies — many of 
them small, some of them huge — con- 
stitute the automotive mdustry A part 
of these companies sell only a small 
part of their product to the mdustry, 
others sell their entire output to ve- 
hicle manufacturers, directly or indi- 
rectly 

No one vehicle builder manufactures 
the whole car, truck, oi bus Some 
manufacture more of the component 
parts than do those few compames 
which are, in effect, designers, as- 
semblers, and distributors of their ve- 
hicles As a result, Chevrolets, Fords, 
or Plymouths, for example, are in part 
actually manufactured by thousands 
of materials and parts suppliers 

MACHINE TOOLS-Preliminary mvesU- 
gation of the machine-tool require- 
ments indicate that between 4000 and 
:5000 machine tools will be needed to 
get the pre-Pearl Harbor model cars 
back into production Many of the re- 
quired pieces of manufacturing equip- 
ment will take from seven to nine 
months to build, and our military needs 
and commitments to Russia and Great 
Britain have many of the machine-tool 
building plants jammed with orders 
Ihe rdiabilitation of the occupied 
countries of Europe and Asia will re- 
quire many more machines of the 
American builders. 


A change m existmg priorities can 
help to prevent serious unemployment 
Until these thousands of parts plants 
can get new machinery installed, and 
until the motor-vehicle plants ^em- 
selves are supplied with needed tools, 
production of new cars, trucks, and 
buses cannot begin 

A large number of cars, trucks, 
buses, and taxicabs are standing idle 
today because of the lack of parts for 
repairs The Army, for example, has 
purchased a huge supply of parts for 
their vehicles Reason for this apparent 
over-buymg was that the military 
leaders wanted all of their supply 
depots stocked — ^not knowing where or 
when the lightning of combat require- 
ments was going to strike next. The 
Army and Navy have begun to channel 
back to the civilian a great deal of sur- 
plus material, but the process will be 
slow 

The Government has a conglomera- 
tion of parts produced by vehicle 
manufacturers and parts makers, plus 
some slightly used parts, all of which 
would have to be sorted and segregated 
to get back to the right car dealers, 
garages, and fleet owners Vehicle com- 
pames are buying back parts in their 
original packaging, in some instances, 
but the process of segregation is slow 
because of the large number of depots 
and the few people available for sort- 
ing 

A recent survey of opinion among 
automotive engineers mdicates that 
little of the design advancements de- 
veloped during die war, or the manu- 
facturing eiflciencies developed by the 
far-flung ’’arsenal of the democracies,” 
can be transformed into post-war ve- 
hicles very rapidly The fastest way to 
get vehicles built for civilians after 
the war would be to modify the pre- 
war vehicles as little as possible, and 
to go back to the manufacturing tech- 
niques successfully used before the war 

IDEAS DIFFER — ^Vehicle engineers have 
investigated aircraft designs carefully 
to see what ideas could be borrowed 
The search has been rather fruitless 
Many of these vehicle engineers have 
been working on the production of air- 
craft, aircraft engines, and aircraft ac- 
cessories during the war, but And that 


the aircraft pomt of view is not com- 
patible with their own 

For example, in the design of vari- 
able-pitch propeUers — ^which might be 
considered a transmission — ^provision is 
made to keep the lubricant flowing 
through the gears by pumps, and the 
oil is constantly cleaned. In aircraft- 
engineering thinking this is necessary 
to prevent failures and yet permit the 
lightest possible weight Failure is pre- 
vented m vehicle transmission design 
by disregarding the weight, making 
the parts sufficiently sturdy by ample 
use of material, and flooding the trans- 
mission case with lubricant There it 
chums imtil renewed, oblivious, as it 
rolls along the highway, to strato- 
spheric temperatures and variations in 
atmospheric pressures alike 

Vehicle engineers liken an aircraft 
engine to a piece of jewelry because 
every ounce of weight that can be re- 
moved — consistent with the factor of 
safety — is machined off Every engine 
part is designed to take as much stress 
as possible for the least possible amount 
of weight of the part In a car, truck, 
bus, or taxicab, a few pounds of weight 
here and there is of no consequence 
The result is that an airplane engine 
cost about $10 per horsepower just 
prior to the war, whereas the mass- 
produced car engines cost nearer $1 per 
horsepower 

Automobile engmeers who have 
been building aircraft engines, which 
were designed and developed by air- 
craft engme manufacturers of long ex- 
perience, marvelled at the Army and 
Navy requirements for engine testing 
This is a complicated task, requiring 
tear-down and rebuilding, a practice 
known m the vehicle mdustry only 
durmg the process of developing a new 
engme This accounts for most of the 
high cost-per-horsepower, but the 
Army and Navy insists that it is one 
of the reasons our engmes are as de- 
pendable as they are on all combat 
missions, in all kinds of weather, and 
m all sorts of fighting maneuvers 

To achieve the remarkable perform- 
ance of American aircraft engines, a 
myriad of minute details have had 
serious study by design engineers. Each 
manufacturing operation is carefully 
supervised, and constant inspection is 
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the inviolate rule This same costly 
nianufacturing procedure goes on in 
airframe, wheel, brake, propeller, and 
other component and accessory manu- 
facturing plants from coast to coast 
The motor vehicle, on the other 
hand, has been in production many 
years, and the basic engineering de- 
sign changes from year to year are 
relatively few, as compared with trans- 
port and particularly with combat air- 


craft. Thus, similar testing and service 
experience has been obtained, but 
over a long period of time and without 
the excessive premium of cost required 
in war-necessitated speeding up of air- 
plane manufacture. 

AIRCRAFT TO AUTOS— When vehicle 
production engineers are asked if they 
fear t^ "encroachment" of aircraft 
manufacturers into their field, they 


usually smile and recount some of the 
costly steps taken in aeronautical de- 
velopment and manufacture^ **They 
won*t stay long unless they learn how 
to cut manufacturing dollars into 
pennies," is an expression typical of a 
number of rqpponses 
However, many of them agree that 
armament development and manufac- 
ture, as wen as accelerated aircraft 
production, has taught many lessons 
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which will later be used in American 
industry 

Specifically, the Ford Motor Com- 
pany has announced that it will retire 
from the aircraft and aircraft engine 
manufacturing busmess at war’s end. 
It will be recalled that this company 
pioneered the mass-production idea in 
aircraft manufacture with the Ford tri- 
motor, all-metal airplane, many of 
which are still carrying passengers and 
freight in South America 

On the other hand, another veteran 
automobile manufacturing concern, the 
Packard Motor Car Company, plans to 
go into the aircraft and marine busi- 
ness, as well as to contmue to make 
cars m the post-war era Thus the 
answer to the question that has m- 
vestors and prospective consumers in 
a dither is '‘no and yes” Certainly, if 
the post-war airplane market is a 
profitable one, a large number of ve- 
hicle accessory companies will par- 
ticipate 

Vehicle engmeers discount the air- 
craft type of engine for cars, trucks, 
buses, and taxicabs, because to date 
they are noisy and rough However, a 
number of them are studying aircraft 
brake design with a view to improv- 
ing these units on vehicles The vast 
experience gained on Army landing 
strips and the limited runways on baby 
flat-tops and other aircraft carriers, 
has given brake engmeers an un- 
precedented proving ground, both in 
respect to the number of service tests 
and the variety of operating conditions 
It IS probable, many of them believe, 
that Ihe vehicle engmeers will benefit 
first from brakes in the post-post-war 
penod 

But, in general, the American motor- 
ing public will have to be satisfied 
with new cars with few modifications 
until research and development stimu- 
lated by the war’s engineering effort 
can be adopted m later models 
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SHOT PEENiNG 

Offers Posstbtlifies of 
Stress Relief 

MONG the war-bom manufacturing 
techniques which are destined to come 
Into wide peace-time use m the post- 
war period IS shot-peening of highly 
stressed surfaces Although consider- 
able work had been done along these 
lines before the war, shot-peenmg de- 
velopments have been rapid to meet 
the exacting demands of armament 
manufacture 

There have been two schools of 
thought about surface fimshing in the 
automotive industry One has held 
that homng and lapping workmg sur- 
faces to a high polish gave the best 
results Another group held that this 
surface finishing was inadvisable, be- 
cause stresses were set up in the 
surface of the part which caused pre- 
mature failure 


Several engmeermg societies are 
now working together on standards 
and specifications of the sizes and 
quality of shot to be used, and a pro- 
cedure for its use on various typ«s of 
parts Air blasting of the shot against 
the part is a widely used procedure, 
but tumbling barrels are sometimes 
employed It has been found often 
that the working surface, although 
appearing to be rough under a mag- 
mfymg glass, is improved by the shot- 
peenmg 

TRUCKS AND BUSES 

Should Be Designed 

For Greater Utility 

V EHiCLE operators want safe, unorna- 
mented, capable umts tnat feature ease 
of repairing and maintenance, accord- 
ing to a recent survey of more than 
300 leading automotive engineers in 
charge of commercial vehicle fleets 
from coast to coast Specifically, these 
engmeers want the designer of post- 
war trucks and buses to consider 
Cooling systems which really cool, 
which will maintam their efficiency, 
and can be readily serviced, accessi- 
bility of critical parts to encourage 
mechanics to keep them in proper re- 
pair, removable powerplants, so the 
engine can be removed for repair 
and another be quickly installed to 
lessen lay-over time of the truck or 
bus in the garage, better cold-starting 
characteristics of the engine, more 
comfort for drivers, and less orna- 
mentation 

BRAKE DRUMS 

Salvaged by Spraying to 

Replace Removed Metal 

Striking example of the value to m- 
dustry of coordinated engmeermg re- 
search IS the current development of 
aluminum brake drums stemmmg from 
a project of the Society of Automotive 
Engineers’ transportation and mamte- 
nance engmeermg program To salvage 
worn brake drums, the Brake Drum 
Committee recommended hot metal 
spraying of worn drums, followed by 
gnnding to size This report resulted 
from exhaustive tests of various other 
methods An aluminum drum, thus 
sprayed, showed remarkable advantages 
m test A large municipal bus hne has 
ordered a number of such drums for 
actual service tests Early reports m- 
dicate better wearing qualities, longer 
brake band life, and no brake squealmg 
Important implication is that unsprung 
weight could thus be decreased, result- 
mg m more rider comfort 

TRACTORS 

Will Find Greater 
Use On the Farm 

M ANTJFACTtTRERS expect Competition 
from new entrants mto the tractor 
field soon after the end of the war 
Several surveys made recently by 
farm journals indicate mcreased in- 
terest m farm tractors ranging down m 
size to small hand cultivators 


Makers of small gasoline engines 
have been working on expanding the 
pre-war use of these machines by 
hooking them up to farm tools as a 
part of their post-war expansion More 
than 280 companies m the United 
States have been making mtemal- 
combustion engmes during the war 
Some of these expect to be in the 
tractor business as soon as possible 

STEERING 

Will Be Made Easier 

By Power Developments 

P owfai steering developments are to be 
expected if the present trend of labor 
agitation for greater ease in truck and 
bus driving continues A bill, already 
in the hopper of one state legislature, 
requires such devices on larger vehicles 

SYNTHETIC TIRES 

Have Bright Prospects 

For the Future 

R ECENT grueling tests of synthetic 
automobile tires have cheered auto- 
motive engineers, in view of the 1,000,- 
000-ton capacity of synthetic rubbers 
now in production in the Umted States 
Pre-war use of natural crude rubber 
by the automotive mdustry was about 
600,000 tons a year 

As fabrication techmques improve 
under war-time pressures, the prospect 
of better synthetic tires is bright Al- 
though the synthetic materials are more 
costly than crude rubber was before 
the war, improved techmques of man- 
ufacture and better control of the con- 
sistency of the synthetics may result in 
competitive prices 

UNDER DISCUSSION 

Are a Number of 

Automotive Developments 

GROUP of automotive engineers, 
who recently met informally in Cleve- 
land, listed the following developments 
as being the most important for post- 
war consideration, m this order 

1 Improved transmissions In this 
discussion, the questions of incon- 
vemence in gear shifting and the cost 
of maintenance of the conventional 
transmissions were emphasized Some 
work, it was reported, has been done 
on infimtely variable transmissions, but 
the problem of positive holding is an 
involved one 

2 Better brakes Some work was 
reported on the adoption of aircraft 
types of brakes, and considerable m- 
terest was aroused on the possibility 
of aluminum drums Imed with a hard 
weanng surface 

3 More adequate ventilation Most 
of the engmeers felt that no mex- 
pensive way to improve ventilation 
control could be found without com- 
promising with appearance Sugges- 
tions of slotting the body and fitting 
adjustable vanes were discoimted for 
this reason 

4 The war has emphasized the need 
of lower maintenance cost for passenger 
cars as well as commercial vehicles 
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ELECTRONICS Conducted by KEITH HENNEY 


Flying Electronics 

Sofety and Consistency of Operations are Two of the Factors of Avio- 
tion Which Con be Promoted Ropidly Through the Use of Proved Elec- 
tronic Devices. Plans of the CAA for Post-Wor Flying Embroce Radio 
Equipment that Will Give Aid to Both Commerciol ond Privote Pilots 


By VIN ZELUFP 

AMuclate BSditor Blectroniet 


T O BicoBOB a full-fledged industry, 
aviation must be iJ>le to provide 
its own unique method of transporta- 
tion in almost any kind of weather 
Although short delays can be forgiven 
by the traveling and shipping public, 
holdups of several days because of 
limited visibihty cannot easily be tol- 
erated for a method of transportation 
whose essence is speed. 

For many years, it was almost im- 
possible for an aircraft pilot to deter- 
mine the true height of his plane above 
the grotmd, or even his location in re- 
spect to his destination These are still 
problems in some respects, but they 
have been solved for commercial planes 
by applications of electronics Post- 
war, t^ private flyer, too, may benefit 
from the decreased costs of such eqidp- 
ment that wUl result from techniques 
learned durmg military use. 

When the weather is such that visi- 
bility IS limited to a very few feet, 
flying was far from enjoyable before 
the days of automatic radio compasses, 
absolute altimeters, radio ranges, and 
so on 
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As private flying becomes more 
popular, accurate radio direction finders 
will undoubtedly approach a cost near 
that of good automobile radios The 
radio range is available to anyone with 
a radio receiver, but radio altitude- 
measuring equipment will not be com- 
mon on private planes for quite a 
while, due to its weight and cost 

Radar enables the pilot to contact 
the groxtnd and to feel his way elec- 
tromcally He can determine the char- 
acteristics of the ground or any object 
which may be ^thln range of his 
beam of concentrated radio energy 
This type of navigation has been a 
dream since shortly after the last war, 
but has become a reality through 
greatly increased knowledge of micro- 
wave technique and of electronic cir- 
cuit characteristics. 

An electronic ice mdicator warns a 
pilot of the formation of ice on wing 
surfaces, a very serious problem It 
can determine the rate at which the ice 
forms so that a pilot can change his 
course to one having more suitable 
weather conditions The propeller and 
the carburetor also can use ice de- 
tectors In mass production, a simple 
ice detector should sell for less than 
50 dollars 

HOW MUCH GAS? — ^Accurate determi- 
nation of the amount of gasoline in the 
tanks while in flight is another prob- 
lem that has been solved by electronic 
equipment In very large transports 
and bombers, the electronic gage has 
already replaced the simple float-type 
gage that does not provide accurate 
readings even during normal flight 

Electronic gas gages are being ex- 
perimented with that measure the 
capacitance between a number of 
plates immersed in the gasoline, the 
capacitance being a function of the 
height of the gasohne between the 
plates. Commercial planes need such 
an accurate fuel gage, since any excess 
fuel carried merely because of uncer- 
tainties is reflected In higher operating 
cost to the airline. 

Electronic engine controls of the fu- 
ture willttake over engine adjustments 


and leave the pilot with the necessity 
of controlling only the engine power 
The control will make all of the neces- 
sary engine adjustments, selecting the 
optimum operating conditions for the 
engine horsepower desired At present, 
an electronic supercharger developed 
by Minneapolis-Honeywell controls the 
boost, or manifold pressure of aircraft 
engines m military planes. This control 
maintains a predetermined air pres- 
sure at varying altitudes by controlling 
the setting of the supercharger’s waste 
gate. 

An electromc carburetor control 



Automotic direction finders ore 
checked for occurocy before instollo- 
tion in on oircroft The blimp-shoped 
cosing to the left houses the ontenno 

coupled with the electronic engine 
knodc detector would provide a con- 
trol which would automatically adjust 
an engine to the maximum economy 
consistent with safe engme operating 
characteristics. This would adjust the 
fuel supply until one or more of the 
cylinders were detonating and then 
enrich the mixture slifdt^ until the 
knocking ceased. Such control is ex- 
pected to save as much as 10 percent 
of the fuel, compared with an engine 


348 


SCIENTIFIC AMERICAN 


JUNE 1945 


operated in the oonvenUomil manner 
In large planes* this saving in luel 
alone would soon pay for the cost of 
die Instrument 

AIRPUNE RADIO-Completely auto- 
matio radio compasses in whidi the 
loop constantly and automatically in- 
dicates the (Erection of the desired 
radio transmitting station are now 
available. These units stand up in- 
definitely under any conditions of op- 
eration yet experienced by our armed 
forces. 

The magnetic compasa is very limited 
as a guide, because it can only show 
directioDr--it cannot tell a pilot his 
location. Unlike the magnetic compass, 
the ^ectronic radio compass is not de- 
pendent on only one north pole Each 
radio transmitting antenna whose sig- 
nals can be received by the radio com- 
pass becomes in effect a ^'north pole*’ 
When the pilot tunes to a radio station, 
the radio compass shows the direction 
to that particular antenna 

The pilot flying through soupy 
weather uses the radio compass to re- 
ceive two or more stations and records 
the angle of each on a map. He draws 
a line from each at the angle recorded 
and the point at which the lines cross 
is the location of the plane To reduce 
the plottmg time involved still further, 
the Bendix dual-automatic compass 
was developed With this instrument, 
the pilot can get his bearings from any 
two stations by merely glancing at the 
azimuth indicator at any time 

One of the recently revealed secrets 
of B-29 Super-Fortress raids on Japan 
is the “air position mdicator,” an m- 
strument that, for the first time in the 
history of navigation on the sea or m 
the air, gives continuous readings of 
latitude and longitude plus a continu- 
ous record of nautical air miles flown 
The air position indicator, developed 
by the Eclipse-Pioneer division of 
Bendix in co-operation with Army and 
Navy air forces, automatically makes 
calculations which ordinarily would 
require a navigator to work for hours 
with charts, basic navigational refer- 
ence books, star-sighting sextants, a 
chronometer, parallel rules and di- 
viders, and does this accurately even 
during evasive action when no navi- 
gator could follow the maneuvers of 
the plane and keep his bearings 

POST-WAR ELECTRONICS-The arrange- 
ment of diectronic aircraft equipment 
planned by the CAA for post-war use 
contemplates that one aircraft receiver 
will be sufficient for minimum navi- 
gation aud air traffic control require- 
ments. This receiver would receive 
navigational guidance along the airway 
using the airway radio ranges, and 
would respond to the runway localizers 
of the instrument landing system when 
instrument approaches are necessary 
It would also receive the various voice 
channels provided for commumcations 
along the airways and the simultane- 
ous voice channel on the runway 
localizers, in addition to the several 
radio chsmnels used by the control 
towers for air and ground traffic. 

For pilots desiring additional guid- 
ance, a second receiver is required 
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for the radio markers along the air- 
ways and on the instrument landing 
system A third receiver is required 
for the glide path if the pilot desires 
to make use of this part of the Instru- 
ment landmg system A fourth receiver 
would tune to the visual distance- 
indicatmg facihties, and a fifth receiver 
would be required if automatic direc- 
tion-finding navigation was to be used 

The very-high-frequency electromc 
instrument landing system perfected 
by the CAA has now been adopted by 
the Army, Navy, and most of the na- 
tions of the world as their standard 
Some 58 of these systems will be m 
operation by the end of 1946 Eight are 
now installed and ten are underway 
at present. In addition, the CAA is in- 
stalling 50 instrument landing systems 
for the Army, 35 of which have ^ready 
been completed 

The localizer unit of the instrument 
landing system will be operated in the 
108 to 112-megacycle band, and will 
have a simultaneous voice channel for 
radio commumcation by the airport 
traffic control tower with aircraft mak- 
ing instrument approaches The glide 
path will operate on six frequencies 
in the band from 328 6 to 335 4 mega- 
cycles 

Delayed for two years, because of 
war necessities, is fhe conversion of the 
radio ranges from low frequencies in 
the 200- to 400«kilocycle bai^ to very 
high frequencies '‘in the 112- to 118- 
megacycle band. ^I]iis range program 
is now going forward and it is an- 
ticipated that over hdff of the present 


37,000 miles of airways will be served 
by VHF ranges by July, 1946. 

Other phases of the CAA’s post-war 
plans for air navigation facilities call 
for providing a good system of low- 
frequency, high-powered facilities m 
the Umted States to permit long-dis- 
tance flights by direction-finding up- 
on completion of the VHF range pro- 
gram These low-frequency, high- 
powered stations may well take the 
form of omni-directional range sta- 
tions, and most certainly will be des- 
ignated to permit directional guidance 
without the necessity of the aircraft 
being equipped with direction-finder 
receivers 

AIR TRAFFIC CONTROL— Post-war plans 
envision further that probably two VHF 
frequencies will be provided for air- 
port traffic control commumcations 
with other than those aircraft receiv- 
ing instructions over the voice channel 
of the runway localizer One frequency 
would be used for aircraft in the air 
flying locally around the airport, and 
the other frequency for aircraft on 
the ground in connection with taxy- 
ing and parking instructions. It is pro- 
posed that all airport traffic control 
communications, other than those over 
the voice channel of the localizers, will 
be conducted in the 118- io 122-mega- 
cycle band The 122- to 132-megac3^e 
band has been set aside mainly for 
aircraft-to-ground transmission fre- 
quencies 

The VHF ranges will guide the pilot 
along the airways and provide him 
with weather and traffic-control in- 
formation Initially, it is planned that 
one simultaneous voice channel will be 
available on all ranges for ground-to- 
air two-way radio communications* If 
it is found that one voice channel will 
not be adequate to provide two-way 
communications for both traffic control 
and weather information at a given 
location, consideration will then be 
given to the matter of providing an ad- 
ditional channel so t^t one channel 
will be available for traffic control 
transmission and one for weather trans- 
missions, whichever is the more prac- 
ticable 

One additional device, highly de- 
sirable as a momtoring or safeguard- 
ing facility in airport traffic control 
towers, is a “scanning acreea** operated 
on electronic principles which will 
permit the airport trafilc controller to 
visualize the actual podtiona of all 
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aircraft at all tunes within a predeter- 
mined radius of, say, 25 miles from 
the airport These screens will permit 
monitonng the movement of aircraft 
on the instrument approach system so 
as to detect any hazardous condition 
that may possibly develop as a result 
of a pUot not following instructions 
or as a result of some failure in air- 
craft equipment. They also would make 
it possible for the airport traffic con- 
troller to arrange the flow of depart- 
ing aircraft with more certainty as to 
the iiositions of approaching aircraft 

HOW FAR AFART>— The CAA also con- 
templates the use of a cathode-ray tube 
in Ae aircraft on which will be dis- 
played indications portraying the ver- 
tical separation between die aircraft in 
which the device is installed and other 
aircraft m all directions withm fixed 
vertical limits It operates on the prin- 
ciple of varying the frequency of a 
low-powered transmitter on board each 
aircraft by a sealed aneroid capsule, 
so that changes in altitude will vary 
the frequency of the aircraft's position- 
indicating transmitter 
Another approach to the coUision 
warning indicator is through the use 
of radar technique This would have 
an effective range in all directions, 
rather than just the front hemisphere 
or a portion of one hemisphere as now 
used for military purposes 
Ten carloads of radar apparatus 
loaned by the Army and Navy are be- 
ing used by a CAA experimental sta- 
tion at Indianapolis to conduct tests of 
radar aircraft control Two objectives 
are perfection of the screening device 
previously mentioned which will per- 
mit the tower controller to visualize 
the actual positions of all aircraft with- 
in a radius of 25 miles, and a collision 
warning device to be Installed on the 
instrument panel of the plane, which 
would give constant visual indication 
of the relative position of other aircraft 
within a certain radius With at least 
150 plants i\pw making radar equip- 
ment, much production know-how in 
this field will be available for commer- 
cial radar equipment when /nilitary 
needs fall off 


^99 

DIELECTRIC-HEAT UNITS 

Need Shielding to Prevent 

Causing Radio Interference 

R AOTO interference measurements in 
the vicinity of induction and dielectric 
electronic heating umts reveal that 
only the dielectric-heating types need to 
be shielded to prevent mterference wifii 
radio reception. This means that the 
induction-heating units so widely used 
today in industry for quick exvd localized 
heating of metals cannot be blamed for 
mysterious squeals similar to those that 
created a scientific mystery some years 
ago ifiitil they were traced to diathermy 
units in hospitals. 

As with diathermy umts, shielded en- 
closures are tifie prescription for the in- 


dustrial dielectric heating setups used to 
heat plastics, to dry glue in plywoods, 
to sterilize food piquets, and to heat 
practically any other nonmetallic ma- 
teriaL If a single cage will not suffice, 
a double screen cage with metal 
weather-stripping sealing the edges of 
the entrance door is almost certam to 
squelch any tendencies to broadcast 
Where one of these electronic heating 
units must straddle a conveyor that is 
carrying work continuously to and from 
the machme, so that entrances must be 
open while power is on, metal tunnels at 
entrance and exit will effectively trap 
emerging waves These work on some- 
what the same prmciple as light-trap 
doors of photographic darkrooms 


FINGER GUARD 

Operates by Change in 
Electrical Capacity 

ELECTRONIC Safety guard for punch 
presses that elimmates the usual photo- 
tube arrangement and permits adjust- 
ment of the critical distance at which 



Her fingers ore protected 


the press shuts off, valuable when 
the press is used for different sizes of 
materials, has been developed at North 
American Aviation The electromc 
circuit is arranged to operate relays 
that actuate contacts and solenoid air 
valves on the press 
Mounted on the press is an alumi- 
num rod that connects to the control 
umt When the operator’s hands or 
other parts of the body come near the 
rod, a change m the electrical capaci- 
tance of the circuit takes place which 
causes it to prevent the operation of 
the press until the hand is removed 
from the protected zone A dial on the 
control unit permits the circuit to be 
adjusted to different sensitivities for 
the proper distance setting 

POOD AGING 

Speeded When Ultra- 

Violet Lamps Are Used 

An electronic guardian for food stor- 
age space IS the Stenlamp ultra-violet 
tube, a device which resembles a 
slenderized fluorescent lamp and kills 
bacteria and mold either on food sur- 
faces or afloat in air In a patented 
process for the rapid tenderization of 
beef, the temperature m the beef aging 
room, protected by lamps, is raised 
from 36 to 60 degrees and the time re- 
quired for the natural process of np- 
ening is reduced to about one tenth 
of the tWe previously required With- 


out a bactericidal agent, the high tem- 
perature, combined with the hi^ 
humidity necessary to prevent surface 
drying and accompanying injury to 
the meat, would rei^t in surface mold 
and slime, causing serious wastage 

In cheero aging, it is necessary to 
maintain a relative humidity of 60 
percent to reduce dehydration. To 
speed ripening when using Sterilamps, 
the temperature is raised to an aver- 
age of 45-50 degrees— about 15 de- 
grees higher than in unprotected aging 
rooms Thus, the lamps permit ac- 
’celeration of the cheese-ripening pro- 
cess to a fraction of the time previously 
required and reduce shrinkage by de- 
hydration 

In addition to the bactericidal rays, 
the Westinghouse lamps produce in 
the air a small amount of ozone, a 
colorless gas used commercially for 
purification of water and foods, par- 
ticularly in egg and apple storage 
rooms Ozone scatters rapiffiy from the 
lamps and is circulated throughout the 
storage space, and acts as an addi- 
tional weapon to halt mold growth At 
the same time, the ozone concentration 
m food storage and processing rooms 
properly equipped with the bactericidal 
lamps never exceeds a few tenths of 
one part per million of air, which is 
too low to injure even sensitive foods 

LIGHT MEASUREMENT 

Aided by Use of 

Electron Multiplier Tube 

In the manufacture of color film, it is 
necessary to determine the density con- 
tribution of each of the three dye layers 
separately The insertion of filters in a 
conventional light-beam system for 
separate measurements m the green, 
blue, and red spectral regions reduces the 
available light so much that conven- 
tional photoelectric densitometers used 
for black-and-white film do not get 
enough light to excite the phototube 
Increasmg the size of the lamp used 
would work for green and blue, but not 
for red because the ordinary phototube 
IS relatively insensitive to red 

This intriguing photoelectromc prob- 
lem was solved by the research labora- 
tory of Ansco by the substitution of the 
electron multiplier phototube for the 
ordinary type, and addition of a special 
electronic amplifier workmg directly 
from a stack of ten miniature 67^ -volt 
B batteries giving a total of 675 volts 

Electrons emitted from the cathode of 
the tube imder the influence of h^t 
bounce in turn from each of nine re- 
fiectmg plates called dynodes Each 
dynode has the characteristic of giving 
off many more electrons than hit it, so 
that after nine such electron multiplica- 
tions the output may be as much as 
20,000 times greater than that of an 
ordinary phototube — enough to actuate 
the amplifier and meter 

Other applications of this new direct- 
reading high-sensitivity densitometer 
mclude analysis of chemicals, measure- 
ment of colors of materials by reflected 
light, and analysis of the x^ray diffrac- 
tion patterns and line spectrograms that 
are now expanding so rapidly in Indus'- 
trial usefulness. 
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CHEMISTRY IN INDUSTRY Conducted by D. H. KILLEFFER 


Engines 


Of The Air 


Kerosine Lamps, Exploding Because of Gosoline in the Burning Oil, 
Poved the Woy for the Development of the Gosoline Engine. At First 
there wos a Surplus of Fuel; then Chemists were Hord Put to Produce 
Enough Efficient Fuel to Meet Demonds of Automobiles and Airpiones 


P roperly, the chemical story of 
aviation begins with the explosions 
of kerosine lamps three quarters of a 
century ago From the steps then taken 
to remove the explosion hazard from 
kerosme grew the motor-fuel indus- 
try of today and upon that depended 
the development of the internal-com- 
bustion engine. Without the mternal- 
combustion engine, aviation as we now 
know it would be completely unpos- 
sible While automobiles could be satis- 
factorily powered by electricity from 
storage batteries or by steam engines, 
the weights entailed per horsepower 
by either of these prime movers be- 
come prohibitive in the air. But the 
internal -combustion engme was de- 
veloped primarily for highway travel 
under the stimxilus of the immense 
quantities of cheap gasoline available 
in the automobile’s early days as a by- 
product of kerosine production 
The dangerous tendency of lamps to 
explode was caused by the desire of 
oil refiners to produce kerosine faster 
to meet increasing demand The un- 
fortunate method chosen was to leave 
some gasoline in the kerosine As is 
well known, gasolme vapor, with air, 
forms mixtures that explode when ig- 


mted That is fine m an engme where 
the explosion can be harnessed to do 
work, but in lamps it was disastrous 
When the cause of exploding lamps 
was found, steps were taken to insure 
that every bit of ^gasoline was stripped 
from the kerosine during manufacture 

UNWANTED GASOLINE—This was a 
hardship for oil refiners who knew no 
way to dispose profitably of the im- 
wanted gasoline Later that picture 
was reversed by the popularity of the 
gasoline-driven automobile Although 
those two events are mentioned to- 
gether, actual decades of development 
of internal-combustion engines were 
needed before there were enough of 
them to use up the gasolme available 
When the 20th Century arrived, a 
few carriages in the welcommg pro- 
cession ran on rubber bicycle tires, 
but with no horses to pull them Some 
drew their power from electric motors 
run by storage batteries Others used 
smelly, noisy gasoline engines Between 
the two arose active competition By 
that time petroleum refiners were al- 
most overwhelmed by accumulations 
of excess naphtha, or gasolme, which 
they had to produce along with coal 



oil This surplus fuel gave the gaso- 
Ime-powered vehicle a distmct ad- 
vantage in the struggle for survival 
with its electric rival Power from 
gasoline was cheap but by no means as 
dependable as electricity--or, for that 
matter, as the steam which gome 
pioneer road vehicles generated by 
usmg kerosine as fuel iRhe outcome of 
this competition hinged on making 
gasoline engines dependable 
The steps leading to mechanical per- 
fection of internal-combustion engines 
are not part of this story However, 
exploding lamps of the 1860’s and the 
change they forced in petroleum re- 
fining were crucial factors m vital 



Ooartaty Standard Oil Oompaaj 

Storage tonk for high-octane fuel 


modem developments Without boimti- 
ful supplies of gasoline, which refiners 
had to produce in making kerosme, 
the essential spur to mechamcal de- 
velopment of mobile gasoline engines 
would have been missing 
As early as 1903, the Wright brothers 
flew because gasoline had been a drug 
on the market 30 years before and on 
that surplus of gasoline rested the de- 
velopment of l^e Otto-cycle engine 
Automobiles could have developed 
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with electric or steam power, but not 
airplanes 

Quite naturally, fuel has had to de- 
velop along with engine design. Early 
engines were built to bum the by- 
product of kerosine refining and the 
result was so successful that soon the 
by-product had far outgrown the need 
for the original material. Electricity 
had effectively invaded the field of 
lighting and was crowding out kero- 
sine Meanwhile, the growing numbers 
of automobiles multiplied the demand 
for gasoline to over^helmmg propor- 
tions Indeed, demand seriously threat- 
ened to use up all of our petroleum re- 
sources 

CRACKING—At this juncture the newly 
developed cracking process offered a 
solution for the trouble by greatly in- 
creasing the amount of gasoline ob- 
tained from each barrel of crude oil 
That was about 1912, and during the 
succeeding decades this process m 
many modifications was utilized 
throughout the oil refining industry 
In effect, gasoline production was 
doubled without requiring any more 
crude oil This was a big jump ahead 


But early gasoline engines wasted 
large proportions of the gasoline fed 
to them. They were too inefficient for 
profitable flight At the same time, 
possible depletion of oil sources threat- 
ened the automotive industry and 
spurred it to seek higher efSiciency 
Theoretically, gasoline engines would 
produce more power from fuel if the 
gaseous mixture could be put under 
greater pressure in its cylinders before 
Ignition Simply change the stroke of 
the piston and get more power— simple 
unbl one tries to do it Instead of more 
power, the modified engine produces 
less, and at the same time it hammers 
and knocks as if it would break itself 
to pieces The increased pressure 
changes the nature of the explosion, 
makes it resemble the sudden blow of 
dynamite and not the normal, much 
slower burning of a proper cylinder 
charge 

Different fuels (gasoline, coal tar 
benzene, cracked gasoline, and so on) 
behave differently and tiny amounts of 
various substances added to fuels 
change this knocking characteristic 
Tetraethyl lead, now almost universally 
added to motor fuels, proved to be the 


most potent of these additions. It regu- 
lates file rate of burning of the cylinder 
charge Even under much hi|^er 
pressures than those in general use, 
power IS delivered smoothly to the pis- 
ton at a rate slow enough to allow it 
to do a maximum of useful work An 
actual gam of as much as 80 percent 
in the ou^ut of an engine can be 
realized by the use of high compres- 
sion and 100-octane fuel, in contrast 
to low compression and Ihe 73-octane 
fuel common on file American market. 

Tetraethyl lead gave a tremendous 
impetus to the development of more 
efficient engines and at the same time 
of more effective fuels to use in them. 
Consistent flight became commonplace 
because of the increased load-carrying 
capacity of planes realized through 
heightened efficiency of power produc- 
tion Numerous other methods of pro- 
ducing fuels adapted to the re-designed 
engmes also followed the growing de- 
mand for them And that trend contin- 
ues toward the goal of maximum power 
from minimum fuel and smaller 
engmes 

By subjecting petroleum fractions— 
gas oil, particularly— to high tempera- 
ture and great pressures, carbon mole- 
cules can be literally cracked to bits. 
Many of the resulting particles fall 
within the desired range for motor fuel, 
others are too small, and still others 
come h*om the process as a sooty de- 
posit of carbon stripped of its essential 
hydrogen. This thermal cracking, by 
doubling the yield of gasoline per 
barrel of crude oil, proved a practicable 
operation in spite of the considerable 
wastes accompanying it 

CHEMICAL PROMOTERS-One result of 
thermal cracking is to produce hydro- 
carbons of the unsaturated or olefin 
family These enter with relative ease 
into chemical reactions, while saturated 
hydrocarbons are quite inert Thus it 
becomes possible to utilize the small 
molecular fragments produced by 
cracking to build up larger molecules 
by chemical means In spite of their 
superior chemical reactivity, these ole- 
fins react much better and combine 
more readily in the ways desired if a 
promoter, or catalyst, is present 

The fragments produced by crackmg 
may subsequently unite among them- 
selves in a .variety of new molecular 
patterns. Certain foreign substances, 
some natural clays for instance, pro- 
mote and control these recombixiations 
of fragments and force a larger pro- 
portion of them to iorm desired prod- 
ucts. In this way less oil is wasted as 
gas and more gasoline is produced 
from the same amount of original oil 
Furthermore, the gasoline from cata- 
lytic cracking, as this process is called, 
18 better because it has a higher octane 
number. The gases from Ibe process 
may be used in making polymer or 
alkylated gasolines, now pron^ent as 
aviation fuel for military and transport 
services. 

This discussion of anti-knock fuels 
and fiieir characteristics bears directly 
on the subject of cracking and other 
methods of enlarging the yield of motor 
fuel from crude oil. Not oifiy does 
cracking, both thermal and catalytic. 
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produce more fu^ per barrel d crude 
oil, but at the aame time the product 
haa an improved octane number and 
hence is more valuable. This is vitally 
significant in view of the general adop- 
tion of more efficient high-compression 
engines in automobiles and airplanes. 
In the latter, where weight is the vital 



Alkyletc, on importont ingredient 
of 100*octone aviation gosoline, is 
produced ot this sulfuric ocid alky- 
lotion unit of the Texos Company 

consideration, mcreased compression 
and other factors have resulted m 
weight reduction of engines from 
pounds per horsepower at the tune of 
World War I to somewhat less than 
one poimd per horsepower in World 
War n. That difference is vital to air 
transport m war and in peace 

FUEL EFFICIENCY’^-Once a true meas- 
ure of fuel efficiency was established 
and types of fuels were classified on 
that basis, certain conclusions appeared 
from the classifications Hydrocarbons 
whose molecules are straight chains 
usually knock badly The greater the 
branching of the chain, the greater the 
octane number Double bonds m some 
cases raise the octane number, in others 
depress it. Such observations gave the 
petroleum industry mvaluable guidance 
in its efforts to improve fuels 
Several important processes based on 
these considerations are operated on a 
huge scale Polymer, alkylated, and 
hy^ogenat^d gasolines are produced 
by controlling in various ways the 
forms taken by the re-umting frag- 
ments of molcKiules produced in crack- 
ing both petroleum and natural gas 
Each of these products possesses a high 
octane number and each can materially 
raise the octane number of a mixture 
of which it forms a part Additions 
of tetraethyl lead to blended fuels of 
this kind further raise the octane num- 
ber so diat it is possible to produce 
commercially on a huge scale fuels 
as mudk as 15 to 25 percent more ef- 


fective in an engine than pure iso- 
octane, once considered an unreachable 
fuel goat 

Polymer gasolme is produced from 
the gases of thermal cracking by caus- 
ing their molecules to reunite in the 
inresence of a catalyst such as phos- 
phoric acid Hie catalyst seems to 
exercise a directmg and promoting 
function in encouraging the various 
gaseous molecules to unite in the form 
of hydrocarbons m the gasoline boiling 
range Since hydrocarbons of this type 
possess high anti-knock values, the 
resulting motor fuel is especially de- 
sirable 

Alkylation also yields highly desired 
branched hydrocarbons Its raw mate- 
rial is primarily the butanes and buty- 
lenes, hydrocarbons of four carbon 
atoms, and these are rearranged to 
form molecules of eight carbon atoms, 
]ust the kind needed for aviation fuels 
with octane numbers of 100 or more 
Particularly important about alkylation 
fuels are their high mitial octane num- 
bers and their sensitivity to small ad- 
ditions of tetraethyl lead Thus, adding 
small amounts of lead to alkylate gaso- 
lines causes a much greater effect 
than would the same amoimt of lead 
added to straight run or thermally 
cracked gasoline. 

Commercial production of iso-octane 
itself IS accomplished by submitting 
the so-called butane fraction separated 
from thermal or catalytic cracked gases 
— the fraction consists largely of the 
olefins of four carbon atoms — to selec- 
tive pol 3 rmerization and subsequently 
hydrogenating the product The iso- 


STERILE BOTTLES 

fndicafed by Color- 

Changing Seals 

Visible proof that the contents of a 
particular bottle have been sterilized 
after the seal was applied is offered by 
a new type of cellulose band adapted to 
seal various types of containers. The 
band is color^ with a dye which 
changes color when it has been heated 
to sterilizing temperature A dark green 
seal may, in one type now offered, 
change to orange when it has been 
heated to a temperature high enough to 
sterilize the container’s contents. Origi- 
nally proposed as a method of prevent- 
mg the dravang of blood for transfu- 
sions into unsterile bottles, seals of this 
type are expected to have important 
usefulness m other ways 

PENICILLIN PRICES 

Pushed Down by 

Rapid Production 

Less than two years ago producers 
were frantically trying to enlarge their 
production of penicillin to meet the tre- 
mendous demand for this wonder- 
working subsUoQce for the Armed 
Forces. Now, not only has that goal 
been exceeded enou^ to allow 
placing penic&Un in civilian drug stores 
and hoi^tal% but actually production 


octane produced possesses an imtial 
octane number of 100 and even better 
performance can be obtained by addi- 
tion of tetraethyl lead 

FUEL FROM WASTES— A further impor- 
tant fact about modem chemically made 
motor fuels is that the raw materials 
used in their production are to a large 
extent the gases from the cracking 
process once burned as fuel Cracking 
breaks up large molecules, but 
polymerization, alkylation, and other 
catalytic processes reassemble small 
molecules into larger ones Not only 
are important new fuels produced by 
these processes, but economies in the 
utilization of crude oil are effected 
at the same time 
Clearly the purposes of aviation and 
the conquest of the air have utilized 
to an essential degree the power of 
chemistry to alter and improve the 
fuel of flying engines The intimate 
relations between the two sciences of 
aeronautics and chemistry by no means 
stop with the fuel supply The struc- 
ture of the plane, its metal and plastics 
parts, its lubrication, and many other 
elements that contribute to successful 
and efficient flight owe their origin or 
perfection to chemical processes of one 
kind or another However, when the 
whole matter is summed up and its 
elements evaluated, no single develop- 
ment has had anything like the sig- 
nificance of the gasoline-powered, in- 
ternal-combustion engme And that 
owes its practical existence to the ex- 
plosion of kerosme lamps many decades 
ago 

has reached the point where a price war 
of at least minor proportions la in 
progress. Improvements in production 
methods and yields so far effected en- 
able production at far less cost than 
was origmally estimated This powerful 
drug, hailed as the most valuable de- 
velopment of modem medicine durmg 
the war period, is now available to any 
physician needing it 

PASS THE ARSENIC 

But Be Sure to Try 

The Fluorine as Well 

I r YOU insist on eating arsenic^ but wish 
to avoid being fatally poisoned by it, 
perhaps you can save yourself by taking 
highly toxic fluorine compounds at the 
same time There is no reason why one 
should wish to take lethal doses ^ 
arsenic but, if they should, fluorides 
may supply an antidote that can be used 
in certain cases A report of recent ex- 
periments with rats shWs that drinking 
water containing potassium fluoride 
both before and after the rats took ar- 
s^e trioxide mixed with sugar pre- 
vented the death of the experimental 
a nim a l s. While the finding Is interesting 
and may shed light on the action of 
arsenic taken into the human system, 
the method is hardly to be recommend- 
ed for first aid si^ an overdose of 
fluoride, familiar as ant poison, kills one 
quite as dead as arsenic does. 
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PETROLEUM 


Conducted by JEROME CAMPBELL 


Lubricants For Air Power 


Airpione Engines, Operating ot High Temperatures, Need Strong Oil 
Films to Protect Moving Ports. Careful Research by the Petroleum 
Industry Has Produced Lubriconts that not only Resist Deterioration 
under Severe Conditions, but also Carry Away Heat from Pistons 


By B. W. STORY ond E A MARTIN* 


I ARGELY because of European infiu- 
" ence, most of the early airplane 
engines were lubricated with castor 
oil, while automotive engines operat- 
ing on the same principle were run- 
ning almost exclusively with petroleum 
oils and with generally better results 
These airplane engmes were no more 
difficult to lubricate than some automo- 
tive engmes of that period and it was 
soon found that petroleum oils of sim- 
ilar character but of somewhat heavier 
body were superior to castor oil While 
many improvements have been made 
in airplane engine oils smce that time, 
the supremacy of petroleum lubricants 
has not yet been seriously challenged 

Early airplanes flew neither high nor 
far and frequent overhauls were ac- 
cepted as a matter of course Withm 
the past ten years, however, these con- 
ditions have changed rapidly Engme 
output has been stepped up from a 
few hundred to over two thousand 
horsepower and operation between 
overhauls has been lengthened from 
around 200 to 800 hours or more The 
modem airplane may take off at sea 
level at temperatures ranging from 
— 40 to +100 degrees, Fahrenheit, 
and from either extreme may, within a 
short time, encounter temperatures as 
low as — 70 degrees, Fahrenheit, at 
altitudes of 20,000 feet or more. 

High temperature and pressure be- 
tween movmg parts cannot be avoided 
when internal combustion engines are 
built to the power output and weight 
standards of modem aviation Hence, 
the lubricating oil must function not 
only as a lubricant under exceptionally 
severe conditions but must also serve 
to carry heat away from pistons and 


other parts of the engine which othei- 
wise would become too hot for success- 
ful operation Furthermore, as the oil 
IS cooled and recirculated through the 
engine many times before it is finally 
consumed, it must continue to perform 
its various duties with the least pos- 
sible deterioration Hence only the most 
specialized oil can survive 
Petroleum oils are composed almost 
entirely of hydrocarbons and therefore 
have certain inherent properties which 
cannot be changed completely At ele- 
vated temperatures, in the presence of 
oxygen, ihey will oxidize to form 
acidic compounds which then proceed 
to form what are generally termed 
sludge — tar and asphalt At still higher 
temperatures these oils will crack or 
break down into smaller compounds 
and carbon which are quite unfit for 
lubrication While petroleum refiners 
cannot wholly suppress these natural 
tendencies of hydx^arbons, they can 
modify them and improve the oil for 
any giv^ purpose in three ways; (1) 
crude selection, (2) choice of refe- 
mg methods, and (3) adding some ma- 
terial to the oil which will impart 
properties not obtainable from the oil 
alone These materials are generally 
called addition agents or additives and 
they have a wide variety of uses 

STRONG FILMS— -Airplane engines re- 
quire a fairly heavy bodied oil in or- 
der to provide a strong oil film m the 
hotter zones of the engine All petrol- 
eum oils increase in viscosity as their 
temperature is lowered and at the 

*Re8p«ctly9ly AssUtanfc Manager General Labora- 
tories and Supervisor. Automotive Division Gen- 
eral Laboratories Sooony-Vacinim Oil Company 
Inc 


lower atmospheric ranges heavy oils 
have a high resistance to motion where 
clearances are small, as on cylinder 
walls and in bearings Because it Is 
often necessary to start engines in 
cold weather, it is important to select 
oils which give the least change of 
viscosity with temperature. This prop- 
erty of oils has been calibrated to a 
scale known as ‘Viiicosity index” 
(VI) and aviation oils are generally 
Imown as high V I oils, meaning that 
their change of viscosity with temper- 
ature IS comparitively low As a class, 
the so-called paraffinic types of oils 
are good in this respect The naphth- 
emc or aromatic t3np^ are not as good 
and are consequently less generally 
used in this field. 

All parafiimc oils contain wax which 
18 liquid when warm, but at low tem- 
peratures will crystallize and cause 
the oil to solidify, making it difficult 
to pump and distribute properly 
throughout the engine Most of the wax 
is removed by suitable refimng steps, 
but generally it is not economical to 
de-wax heavy oils so that they will 
flow freely at temperatures low enough 
for good aviation practice Fortunate- 
ly, addition agents have been found 
which effectively reduce the tempera- 
ture at which paraffinic oils will flow 
Commonly known as “pour depress- 
ants,” these agents are widely used for 
this purpose and have saved industry 
much expense as well as much good 
oil that otherwise would have been 
lost through excessive de-waxing Only 
small amounts are required and m 
most cases less than 0 5 percent is suf- 
ficient even for heavy lubricants 

Petroleum’ crudes always contam 
compounds which are unfit for lubrica- 
tion of combustion engines and these 
must be removed as completely as 
possible For years it was not commer- 
cially feasible to do this in many cases 
and the production of airplane engine 
oils was limited to a few crudes, not- 
ably of the Pennsylvania type, which 



Figure 4. Oil inhibited by on oddithe is o belter lubri* thrust foce ond crown in the two pictures on the left, 
cunt Hion uninhibited oil Only 13 hours' operotion with while*^ 30 hours' running with on inhibited oil coused the 
stroight minerol oil produced the sludge on ^he piston lesser omount of sludge In the two pictures on the right 
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Figure 3 Lubricating system of o modern oirplone engine 


were amenable to refining processes 
then available. With the advent of pro- 
pane de-asphalting and solvent refin- 
ing) this situation was changed com- 
pletely. Superior lubricants can now be 
made from crudes which only a few 
years ago were considered hopeless 
for aviaUon use 

INHERENT VALUE--Petroleum refinmg, 
however, is essentially a subtractive 
process and relies entirely upon the 
value of matexials which exist in the 
crude. While excellent lubricants have 
beeii and will continue to be made 
from straight petroleum, there are 
limits beyond wldch refining engineers 
cannot go without ^e assistance of ad- 
dition agents These limits have al- 
ready been surpassed in the case of 
lubricants for certain types of gears 
and high-speed Diesel engmes where 
pure petroleum is admitt^y inade- 
quate As operating conditions become 
more severe, it seems quite certain that 
further requirements of airplane engine 
oils can be met only by the use of 
additives 

The groimdwork of discovermg and 
improving such additives is a job that 
must be done m the laboratory To 
attack a lubrication problem directly 
through flight tests would m many 
cases be expensive and hazardous be- 
cause, as m all research work, failures 
far outnumber successes. Prdiminary 
tests, therefore, must be made but 
experience has shown that it is unsafe 
to depart too far from conditiona of 
actual service because there is danger 
of obtaining wholly unreliable results 
In other words, if tiie problem involves 
an airplane engine, such an engme or 
at least parts of it should be used It is 
sometimes permissible to accelerate a 
test by employing conditions that are 
abnormally severe but in so domg 
some correlation with practice should 
be established. 

Figure 1 shows a single cylinder test 
engine which employs an air cooled 
cylmder and piston assembly of cur- 
rent aviation design and has an output 
of 25 horsepower. 

Figure 2 shows a test unit which 
will accommodate large modem cylin- 
ders with an output of 125 horsepower 
and represents an additional step m 


testmg aviation oils If satisfactory per- 
formance is indicated throughout these 
prelimmary tests, the oils are then 
candidates for trial in actual flight 
Figure 3 shows in outline the oilmg 
system for a modem airplane engme 
The oil tank, known as a “hopper 
tank,” is actually two tanks with lim- 
ited commumcation between them The 
oil m active circulation is confined to 
the smaller interior lank but, as this 
is consumed, fresh oil flows in from 
the larger supply 'tank to replace it 
This type of tank tends to prevent 
contamination of the main oil supply 
and also is very helpful m starting 
engmes m cold weather When a cold 
start 18 anticipated, a small amount of 
fuel is added to the oil just before the 
engine is stopped This greatly reduces 
the viscosity of the oil and permits 
startmg on what is practically a light- 
bodied oil As the engine warms up, 
the added fuel evaporates so that, by 
the time full power for take-off is 
needed, the lubricating oil has regained 
most of its original viscosity and 
lubricating value 

OIL FOR COOLING~Oil from the tank is 
pvimped through channels m the crank 
shaft and issues as a spray from the 
ends of the crank bearmg Sufficient 
oil is pumped to cool the pistons, rods, 
and other parts, this quantity, of 


course, is far m excess of that needed 
for lubrication The oil is then col- 
lected in the crank case, picked up by 
a scavenging pump which passes it 
through a cooler, and then back to the 
tank A 1000 horsepower engine nor- 
mally circulates about 15 gallons of oil 
per minute but the amount in active 
circulation at any one time is only 
about five gallons Oil consumption 
may amount to about 17 gallons per 
hour, so that the average life of the 
oil is approximately 500 trips through 
the engme before it flnds its way past 
the piston rings or is lost elsewhere 
Oil entering the engine through ports 
m the crank shaft is subject to con- 
siderable centrifugal force before It Is 
released at the crank bearing Any in- 
soluble material is apt to deposit m 
these ports and interfere with circula- 
tion The most troublesome deposits 
come from the combustion products 
which tend to work down past the 
piston rmgs and are then picked up 
by the oil A lightly, refined oil is 
capable of holdup ^ese compounds 
in suspension fairly well but is also 
apt to form sludge and give generally 
poor results in other parts of the 
engme More highly refined oils give 
cleaner engmes but are less capable 
of holding the dense fuel residues in 
suspension, particularly before they 
have formed a slight amount of acidity 



Rgiire 1: A tingle qrlimier test engine of aviation design Figure 2. This testing unit with an output of 125 horsepower 

IS used for preliminaiy screening of airplone engine oils represents a further step in improving aviotioa lubneonts 
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through oxidation It la behoved that 
these acids form soaps which have a 
detergent effect and prevent excessive 
deposits 

Considerable work has been done to 
reduce oxidation of the oil and several 
additives are effective in this direction 
When these are used, the formation of 
acidity is suppressed and it may be 
necessary to introduce a detergent as 
well or choose an oxidation inhibitor 
with some detergent action in order 
to keep insoluble contaminants in sus- 
pension. It is important that an ex- 
cessive build-up of acidity does not 
occur, because it may cause damage 
to the main connectmg rod bearings 
These usually contain lead or cad- 
mium, which are both affected by 
petroleum acids if the concentration 
becomes too high However, very ef- 
fective additives for preventing bear- 
ing corrosion have been discovered 
and this problem is not likely to be- 
come difficult to control 

Oil is sprayed from the crank bear- 
ing more or less indiscriminately 
around the crank case to lubricate the 
pistons, connecting rods, and timing 
gears Pistons and piston rings become 
very hot and are the most troublesome 
parts of the engme from a lubrication 
angle. Their reciprocating motion with 
periods of rest at the top and bottom 
of each stroke is not conducive to the 
maintenance of a fluid oil film such as 
obtains in a jotimal bearing under 
constant motion 

DECOMPOSITION — Lubrication at top 
stroke is especially difficult because 
hot gases from fuel combustion work 
m bdbind the rings, forcing them tight- 
ly against the cylinder wall, tempera- 
tures are so high that some decomposi- 
tion of the oil cannot be avoided If 
such decomposition leads to tar or 
dense carbon, it may cause the rmgs 
to stick tightly in their grooves, result- 
ing in serious ctamage Stuck rings are 
apt to break and to score cylinder 
walls and may pass enough hot com- 
bustion gases to overheat the piston, 
causing detonation and possible de- 
struction of the engme In the reduc- 
tion of ring sticking and piston de- 
posits, a great deal has already been 
accomplished by proper selection of 
crudes and the choice of proper re- 
fining methods It seems probable, 
however, that further improvement 
can come only from the use of addi- 
tives Many research projects along 
this line are now under way and prom- 
ising results are being obtained. The 
problem is a difficult one, however, 
and progress has been slow. Additives 
also help to reduce carbon formation 
on the underside of piston crowns 
which can interfere with elective cool- 
ing of the pistons. But careful selection 
is necessary to avoid excessive deposits 
vc\ the combustion chamber and on ex- 
hsust valves. 

Sigtire 4 shows airplane siiglne pis- 
tons operated on hl^-g^^de petroleum 
oil, and the same oil contain!^ a small 
amount of an additive. A substantial 
improvement is evident both at the 
rir^ and under die piston crown but 
the better performance of oil contain- 
ing the ad^tive is even more signifi- 


cant when the difference m running 
time is taken into account Hie test on 
straight petroleum oil was stopped at 
13 hours because the top ring was 
stuck. This was asoertaini^ by meas- 
urement of gas blow-by into the crank 
case. The additive oil showed no ring 
sticking at the end of the test period 
of 30 hours. This test was made ex- 
ceptionally severe to simulate ‘*take- 
off * conditions which in practice occur 
mtermittently for only a few minutes 
while the airplane is leaving the 
ground It is the most highly stressed 
period In airplane operation. 

VERSATILITY— There are many other 
parts in a modem airplane engine 
where adequate lubrication must be 
maintained, but oils which suffice for 
the main and crank bearings, pistons, 
and rings are usually satisfactory else- 
where Exception might be made in 
the case of reduction drive gears which 
transmit the entire output of the engine 
and are, therefore, heavily loaded In 
some cases it has been found neces- 
sary to employ “oilmess*' additives to 
withstand the high tooth pressures 
Many agents of this type are known 
but the majority are of doubtful value 
for internal combustion engine lubri- 
cants because they lack stability at high 
temperatures or are not compatible 
with other additives which may be 
necessary When dealing with addi- 
tives, it is Important to study not only 
compatibility of the various additives 
with each other but also with the oil 
to which they are added An oil which 
gives supenor performance without 
additives is not necessarily the best oil 
to use with them. This consideration 
makes the additive problem still more 
complicated 

In addition to the power plant, a 
large modem airplane contains a com- 
plex hydraulic control system which 
also must be lubricated Generally, the 
same system also includes the mechani- 
cal stabilizer and brakes In contrast 
to the engine, the control system, ex- 
cept the brakes, operates at low tem- 
perature and oxidation is not a factor 
The oil must lubneate the pressure 
pumps, but its outstanding require- 
ments are fluidity at very low tem- 
peratures, and it must not cause undue 
swellmg of various synthetic rubber 
components of the hydraulic ssrstem 
This requires as a starting point an oil 
of very low cold test or congealing 
point, as low as minus 70 or 80 degrees, 
Fahrenheit. Such oils can be obtained 
only from relatively light fractions 
of so-called naphthenic crudes but 
these oils cause excessive swelling of 
synthetic rubber. Swelling can large- 
ly be corrected by drastic refining by 
which compounds of an aromatic na- 
ture are removed from the oil The 
completely saturated components tiiat 
remain have little effect on synthetic 
rubbers now in use. 

Drastic refining also improves the 
fluidity oi the oil at low temperatures 
but, as the starting material is a 
nai^thenic type oil, the desired com- 
binatiem of viscosity and fluidity can- 
not be obtained i^m the oil alone. 
Several VJ. improvers have been lou^ 
which accomplish this but military 


secrecy prevents a detailed discussion 
of Ihm. 

Synthetic lubricants of non-petrole- 
um origin have appeared from time to 
time but so far ‘^ey have found only 
limited acceptance. Research on such 
lubricants is still continuing and syn- 
thetic oils may, at some future thne, 
become a factor in aviation. When 
consideration is given to the enormous 
demand for aviation lubricants, now 
measured in thousands of barrels a day, 
the economics of producing such 
amounts synthetically become stagger- 
ing. It seems likely, therefore, ^that 
petroleum will provide the major sup- 
ply for some time to come. 

The accomplishments of modem 
aviation have been achieved through 
the co-operative effort of many minds 
in many fields of engineering. The 
petroleum industry has been privileged 
to contribute to this effort and recog- 
nizes its responsibility toward still 
further accomplishment 


^ ^ . 

CHEAPER THIOPHENE 

Will Have Many Uses 

In Chem/cal Industry 

Unexplored fields in chemistry — espe- 
cially m the plastics, pharmaceutical, 
and dyestuffs industries— are expected 
to be opened up as a result of an m- 
expensive method for producing thio- 
phene from petroleum. 

Previously priced at $54 00 per pound 
— too expensive for extensive use — ^thio- 
phene can now be produced by the So- 
cony- Vacuum Oil Company at a cost 
estimated to make if commercially at- 
tiactive This is expected to have far- 
reaching results in many phases of in- 
dustnes using chemicals. For example, 
thiophene may alter the elasticity, brit- 
tleness, hardness, and other properties 
of plastics, the color of dyestuffs, and 
the physiological effects of medicmals. 
It is a colorless liquid, heavier than 
water, boiling at 183 degrees, Fahren- 
heit Its odor resembles somewhat that 
of benzene 

Chemically, thiophene has the empiri- 
cal formula C 4 H 4 S and cemtains 571 
percent carbon, 4.8 percent hydrogen, 
and 38 1 percent sulphur. Its structure 
is agreed to consist of a five-membered 
ring containing four carbon atoms and 
one sulphur atom The ring contains 
two double bonds between two of the 
pairs of carbon atoms. One hydrogen 
atom is connected to each carbon atom. 

In Its reactions thiof^ene resembles 
benzene, althou^ di^rent reaction 
conditions may be necessary. A htfge 
portion cl the chemical industry is built 
around the dbemistry of benzene. Dyes, 
pharmaceuticals, plastlca, and a host of 
other diemical commodities to a large 
extent are derived from benxane and its 
compounds. Thiophana, therefore, per- 
mits the chemUt to prepare many of 
these products which diff et in that they 
will contain the thiophene ring in place 
of the conventional six-carhm atom- 
benzene ring. 
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METALS IN INDUSTRY 


Conducted by FRED P. PETERS 


Soft Dies . . . Hard Jobs 


Developed Origimlly by the Aircraft Industry to Improve Design Flex- 
ibility, Speed Production, ond Lower Die Cost for Short-Run Work, 
the Use of Zinc Alloy Dies for Sheet- Metal Forming has Established 
Itself as Permanent Tooling ond is Invoding Other Fields as Well 


W Hi3f harking back to the dim 
days before war production 
really start^ some awkwax^ or tedi- 
ous production methods can all too 
vividly be recalled In the aircraft in- 
dustry, for example, mass-production 
techniques were hardly necessary, with 
planes usually ordered in lots of one to 
ten and early dehvery seldom a re- 
quirement With such small lots, sheet- 
metal parts were usually idiaped by 
hand over wooden forms or stamped 
out on rope drop hammers using low- 
purity zinc dies and lead-antimony 
punches 

Today, however, automotive manu- 
facturing methods are applied or even 
improved upon to meet die high-pro- 
duction requirements of aviation. The 
advantages of the soft metal die are 
retained through the use of a specially 
developed zmc alloy, called Kirksite 
produced by National Lead Com- 
pany, which has more durability than 
strai^t zinc. More and more aircraft 
sheet metal forming and blanking has 
been transferred from drop hammers 
to punch presses and hydraulic 
presses And the soft metal dies have 
turned out to be such good permanent 
tooling that other industries are seek- 
ing to apply the secret of their suc- 
cessful use. 

Some advantages of zinc alloy dies - 
over steel dies are as follows 
The zmc-base dies are much less 
expensive. Steel dies are competitively 
uneconomical for relatively short-run 


work because the combination of their 
higher cost and the small-lot jobs re- 
sults in a very high tool-cost per part 
Obviously, the shorter ^he production 
run the more important becomes the 
die cost per unit produced, so that 
cheaper dies are increasingly attractive 

Although the zmc alloy m ingot form 
costs more than the steel or cast iron 
m raw-material form, the cost of the 
finished die is much less for the Kirk- 
site Labor to make the die, machining 
costs, and so on are low enough for 
the zinc-alloy dies to make them 
cheaper to produce than steel or iron 
dies. What eventually controls the 
economy of the application is the num- 
ber of parts to be made with a given 
die 

The zmc alloy dies can be produced 
in a matter of hours, as against days 
for steel dies This means that pro- 
duction of a part can be started sooner, 
or that frequent changes in design or 
experimental production can be ac- 
complished wi^out prohibitive delays 
In the reconversion, retooling, and 
product-experimenting period that lies 
just ahead, this last may loom as a 
major factor in smart research-engi- 
neering Also, minor changes can be 
made directly on the zmc alloy dies 
with a welding torch, when such 
changes are indicated by design modi- 
fications or for expenmental reasons 

The skilled but scarce diemakers 
required for making steel dies (blank- 
ing dies, for example) are not needed 



Two fliirdt of the woiglit of 
Hiit die woi eliminotod 
by eorrqet coring. It wot 
modi for oto in the Donglot 
Aiicrfff Sonfo Monka plont 


in the manufacture of zmc alloy dies, 
nor is as much critical machining re- 
quired to finish the cast dies to close 
dimensional tolerances 
Other advantages of Importance are* 
The accuracy of casting that is pos- 
sible with zinc alloys, often obviating 
machining of the cast die; the elimma- 
tion of die scratches on the work by 
virtue of the zinc alloy’s softness; and 
the reclamation value of the zinc al- 



Stompingi for fuel tanks which con 
be dropped from oirplones when empty 
ore pressed out of S A E. 1010 steel 
on Kirksite dies by o 1500-ton double- 
octing press shown in the reor 

loy, for it is almost 100 percent re- 
usable by simply remelting xmder 
proper conditions. 

VERSATILITY— The zinc-alloy dies are 
made either as sand castings, plaster- 
mold castings, or rolled sheet, depend- 
ing on the purpose. Most soft alloy 
stamping, fonni^ and drawing dies 
are cast, usually in sand; dies for cer- 
tain plastics molding operations— a 
growing use for Kirkdte— are cast in 
plaster molds, as are some stamping 
dies; dies made from rolled zinc 
alloy sheets are used for many blank- 
ing, forming, and trimming jobs, 
lire forming machinery on which the 

357 


JUNE 1945 


SCIENTIFIC AMERICAN 



OPERATION 

MATERIAL 

GAGE 

SHAPE 

NO OF PARTS 
OR BLANKS 


Armor plate 

14 in 

2- ft spher rodius 

severol hundred 

FORMING 

Stoinless steel 

0 091 in* 

2 5 in rect cup 

400 


Sfoiniess steel 

0 038 in 

X-exhaust mani- 
fold 

2800 


Body stock steel 

0089 in 

i-in drow 

1200 


Body stock steel 

0 037 in. 

3-in bends 

18,000 


Stoinless steel 

up to 0 050 in 


100 

BLANKING 

Body stock steel 

0062 in 


1800 


Duralumin 

0032 in 


30,000 


Formica 

0062 in 


10,000 


Condensed tobulofion of some successful applications of zinc>otloy dies » 


zmc^alloy dies can be and are being 
used includes rope and air drop ham- 
mers, hydrauhc presses and brakes, 
and mechamcal presses of toggle, crank, 
and double-acting types. They are used 
with or without pressure rings or 
binders made either of the zinc-alloy 
die material or of ironv The use of 
Kirksite dies for punch press 

operations is one of the most recent 
developments, of which more later 
Pun^es used with cast zinc -alloy 
dies may be made of the zinc alloy it- 
self, of antimonial lead, of cast plastic, 
of hydrolized woods like Masonite, or 
of rubber Often the pundi is made 
by casting the punch material into the 
cavity of the Kirksite die. Rolled Kirk- 
site dies for blanking are used in con- 
junction wth steel punches, the clear- 
ance between die and punch being 
zero, so that the die will ‘‘flow'* toward 
the punch and keep the cutting edge 
hon^ and self-healing# 

Although care must be taken in the 
production of sand-cast, zmc-alloy dies 
to reproduce accurately the dimen- 
sions, configuration, and detail of the 
model, the hand and machine labor 
required for this Is much less than for 
steel dies and, mdeed, less than for any 
other durable die material The first 
step IS the production of an accurate 
pattern. Patterns may be either wood or 
plaster, the latter being cheaper and 
more speedily made The aircraft in- 
dustry generally uses plaster patterns, 
which are made from die drawings 
by the “loft template” method 
The molds in which the dies are cast 
are of the “open” type — that is, the top 
of the casting is open to the atmosphere 
—since the “closed” mold familiar to 
foimdiymen does not produce dies as 
soimd and smooth, especially m heavy 
sections Any high-grade molding sand 
of fine texture may be used, with little 
or no binder required 
For melting the zinc alloy (it melts 


at 717 degrees, Fahrenheit) special 
cast iron kettles or pots are used 
Welded steel kettles are attacked 
rapidly by the zinc alloy and are 
therefore not used A protective coat- 
ing IS applied to the iron kettles to 
provide additional resistance to attack 
Kettles are either gas-, oil-, or coke- 
fired, with gas the most popular Elec- 
tric furnaces can be used but generally 
are not 

RECLAMATION — Melting of new ingot 
or clean uncontanunated old dies is 
accomplished without flux and with 
very low dressing Borings or finely 
divided scrap must be fluxed in re- 
melting (with sal ammoniac and zinc 
chloride) to remove undesirable diit 
and oxides 

The most important metallurgical 
precaution to be observed in meltmg 
Kirksite “A” is that contammation by 
lead and tin must be avoided One 
half of 1 percent of lead will reduce 
the tensile strength 30 percent and the 
impact strength 75 percent in one year 
of normal aging, and will also cause 
the dies to expand Va mch per foot 
m the same period More than 
percent iron is also harmful, causing 


surface defects m use, kijown as 
“dural-bug marks ” 

If the pattern and foundry work are 
properly done, little fitting is required 
to mat(^ the punch to the die and the 
pressure ring (when used). No die- 
polishing is needed if the die is to 
make steel, stainless steel, or Inconel 
(mckel-chromium-iron alloy) stamp- 
ings, as the hard sheets being formed 
poli^ the die Dies for alummum are 
either polished, or used to make a few 
stampings out of sheet steel to smooth 
the die surfaces before running on 
alummum. 

For small dies greater accuracy and 
better surface finish are obtain^ by 
castmg the Kirksite “A” m plaster 
molds Special plasters and mixers are 
used. Patterns may be of wood, metal, 
or plaster itself, and a parting com- 
pound of some type must be used 

LOW COST— Broadly speaking, the 
zinc-alloy dies are regarded as low- 
cost dies useful for moderate produc- 
tion runs They cannot be expected 
to replace steel or cast iron dies in all 
or even most of their established ap- 
plications The accompanymg table in- 
dicates some successful Kirksite “A” 
applications and the number of parts 
either involved m the lot or the num- 
ber made before die failure These are 
all of an “extreme” nature, showmg 
either the thickest gages, or Ae longest 
runs made with zinc -alloy dies It has 
occasionally been found more eco- 
nomical to use up several zinc alloy 
dies on one job than to employ one 
steel die for the whole order 

The current trends m the use of 
Kirksite dies hold much significance 
for industry in general Most impor- 
tant perhaps is the growing use of 
zmc-alloy dies for forming and draw- 
ing ordinary steel This opens up possi- 
bilities of using Kirksite in the auto- 
mobile and general stamping indus- 
tries In one case, 25,000 of the jettison 
or droppable fuel tan^ for the P-38*8 
have been stamped on an 800-ton 
double-acting press out of 0 024-inch 
steel, using one Kirksite die set. 

In another instance, a three-piece 
zinc alloy die set produced 7500 auto- 
motive engine valve cover plates out 
of 0 078-inch cold rolled steel. The total 
cost of the die aet, including patterns, 
metal, castings, and machi|iing was only 
32 percent of the cost of conventional 
dies. In addition, the Kirksite die set 
requmed 48 man-hours of labor as 
against 89 man-days for the usual dies 



Workmen pour Kirksite to form o mole punch for p triple oction hydro-press die 
This picture shows how a lorge Kirksite costing is cored in order to reduce weight 
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nmF/e mff/i/m 

WAR SURPLUS 

LENSES'" PRISMS 



TANK 

PERISCOPE 


Complete Sef Mount0d Compontnfs 

Hui^ged, strong, originally constructed for 
U. S. Tank Corps insists of 2 fine Peri- 
scope Mirrors mounted in metal and plastic 
Only plywood body frame Is required to 
finish this exceptional Periscope First sur- 
face mirror is well protected by glass win- 
dows Set weighs 2% lbs Overall length of 
mount 6%'', width 2%". Would normally 
retail at $40 to $50. 

Stock #700-S • . $3.00 Complete Set Postpaid 

TWO SETS (4 Untta) SPECIAL $5.50 Postpaid 


All Iitm$ Finely Ground and Polished hut 
Edges Slightly Chipped or Other Slig^ht 
Imperfections Which We Guarantee WtU 
Not Interfere With Their Use* Come Neatly 
Packed end Marked* 

YOU CAN EASILY MAKE 

Tdotcopot, Mogaifiort, Photogmpliic Godgott ond 
Hundrodo of Bsponmonta with tboto Low Co«t 


ATTENTION ALL AMATEUR 
TELESCOPE MAKERS 

An oxcoptional opportuiucy to Mcuro • largo 
vanaty of optical piaoaa (aaconda) io varying 
itagaa of ptocaaaiM — from raw oi^cal glasa to 
partially nnlabad. Moat placaa hava baan moldad, 
lotna nniahad on ona ttda Diamatara up to at 
^aat 3 inchaa. Good varta^ of priam blank# in 
rludad, bulk packad Rafractiva indaxa# from 
1^5110 to 1 6490 but not idanuSad. Contain# both 
[!rown and Flint gla#s Sold '*a# i#*' but with our 
Liiual guarantaa of full #ati#faction or monay ra- 
'undad Bxcallanf for aducational uaaa. for prac' 
long and laaming optical grinding and polfthing 
Slock #703-S 8 lb# (minimum weight) 

$5 00 Poatpatd 
$1 00 Postpaid 


MISCELLANEOUS ITEMS 


Stock \o 


Item 


Pnee 

25 each 
75 each 


Mock #702 S 


1 lb 


POLAROID . . . Diameter 354 inches One round 
piece of Polaroid (mounted between glam) Sup- 
i>licd in individual clotli containers Limit — 2 
i>u<cs to a customer 

Stock #623-S $1 50 each Postpaid 

LENS CLEANING TISSUE (PERFECT) 

^pproxmately 480 sheets, sue 7 ^ x 1 1 
inches. 

Stock #704*4 . $1 50 Poelpold 

NEW 50 PAGE IDEA BOOK ''FUN WITH 
CHIPPED EDGE LENSES" 

Contains wide rsrlety of projects and fully 
covers the fascinating uses of Lenses 
and Prisms only $ 1 00 P o at pn id 

FERPSCT ACHROMATIC (CEMENTED) TELE- 
SCOPE OBJECTIVE LENS. Diamtter iH in 
chea Foes] length so inches 
Stofk #6091-1 ... Pries $5 00 Postpoid 

PORRO PRISM SET 

FROM ARMY'S 6 POWER BINOCULAR 

Consists of 2 Porro Prisma to make an 
erecting system for s Telescope 

Stock J^10-S $2 00 Postpaid 


3006-S Porro Abbe Prism 3 

301 6-S Pentagon Pnsm 
2024-S IO Pieces Circular Phte (.lass 
(Diam 31 mm — for making 
Filter 

1004-S 2 Reducing Lenses 

3001-S I ens Surface Prism 
503-$ No I Sable Hair Lttt« ring 
brush 

3021-S Aroici Roof Priam ( 3 rd grade) 

4009- S Heat Absorbing Cdass 

4010- S Heat Absorbii^ <31ass 2 ^x 2 ^ 

201 6-S 17 mm Diam CTunsight Reticle 

2020-S 40 mm Neg Lens, Cross Lines 

Minimum ordor on cdiova — $1 00 

COLOR FILTERS 

I Red and i Yellow Filter in following Diam 
20 mm (seconds) 40c 45 5 mm (seconds) 90c 

325 mm (seconds) 7^ 31 mm (seconds) 70c 

mm (seconds) 70e 29 mm (perfect) $1 00 

Minimum ordar on above — $1 00 


25 aoch 

1 20 

2 00aach 

1 00 Dextn 
25 aoch 
35 aoch 
10 aoch 
lOaoch 
M aoch 


37 


To translata milltmatar maasaramaatai 29 4 mm 
equals ona inch 

B MM. MOVIE PROJECTING LENS SET - Stack 
#401 1-S . SI .20 Postpaid Consists of 2 Achro- 
matic Lenses, diameter 18 mm and a focal length 
when combined of one inch 

35 MM FILM ENLARGING LENS SET 

Consists of 2 Achromatic Lenses to use at a speed 
of about F 8 These make a good substitute until 
Anastigraat Enlarging Lenses again become avail 
able 

Stock #6096-5 $1 SO Postpold 

SCOOPI CONDENSING LENS SET FOR 35 MM 
PROJECTORS OR ENLARGERS 

Crown optical glass, aplanatie, diameter 52 nun 
F L 88 mm Set comprises 2 lenses. 

Stock #4019-S . $2 00 Pottpnld 

ACHROMATIC OBJECTIVE LENSES with P L of 
193 mms Have wider diameter than those used 
in Army's 7 power binocular Excellent for tele 
scopes Diameters of edged lenses arc about 52 
rams 

St^ #6064-S— Edged ond Uncemented— Price $1 75 
SILVERED TANK PRISMS 

90 45-45 degree, sH" long, a 54" wide, finely 
ground and polished Would normally retail from 
$24 to $30 each 

Stock #3004-S $2 00 eoch Pottpoid 

(Illustrated booklet on Prisms included FREE) 

MICROSCOPI OBJECTIVE LENS SET - Stock 
#60!^S • . $2.00 Postpaid, a Cemented Achro- 

matic Leases (color corrected) which may be com* 
bincd to make a microscope objective lens with a 
focal length of 54 inch Use these to make a 
microscope for micro- photography 

COMPLETE SET Of LENSES AND THE PRISMS TO 
MAKE A MONOCULAR (TELESCOPE) 

These are from the Navy's 7 Power Binocular 
with 2 " diameter objective lens. 

Stock #5100-S * Menoculor Sot — $5 00 Postpoid 


WAR SURPLUS ACHROMATIC LENSES 


Stock No 

6017.5 
6019-S 
6111-S 
6094-S 

6021.5 

6023.5 


Dia 

m mms 
la 

16 

16 

18 

3S 


FL. 
in mma 
80 
4» 

36 V 
7S 
49 
95 
13 a 


Comment# 

Cemented 

Cemented 

Cemented 

Cemented 

Cemented 

Cemented 

Uncemented 


Price 

SOe 

600 

75c 

$100 

60c 

75c 

75c 


USES 


-Use these Lenses for making Projectii^ Lenses, 
Low Power Microscope Objectives, corrected Magnifiers, 
substitute enlarging Lenses. Eve Piece Lenses, Macro- 
photography, gadgets, optical instrumenti, etc , etc. 


PERFECT MOUNTED ACHROMATIC LENS 
WITH THREADED MOUNT 
Stock #6090-S . $2 00 Postpoid 

I en# has diameter of x)4 inches, focal length 
554 inches Excellent Telescope objective 01 
combine two of these to make a 3 inch focal 
length projecting lens for a 35 mm. Slide 
Projector 

KELLNER EYE PIECE LENS Focal Length 
I'A inches Diameter of eye lens 16 mm 
Diameter of field lens as mm Comes un 
mounted but eye achromat already cemented 

Stock #6106-S $1 00 Postpoid 


ORDER BY SIT OR STOCK NO. 


SATISFACTION GUARANTEED 


EDMUND SALVAGE COMPANY 


27 W. CLINTON AVKNUI 


DEPT. 7, P. O. AUDUBON, NEW JIRSEY 
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A new development that holds great 
promise for the economical production 
of dies for heavy steel stampings is the 
application of a hardened steel armor 
over the surface of a cast Kirksite 
die set. Another method of increasing 
the hardness and life of the dies (espe« 
cially in certain areas such as draw 
edges or for comer re-enforcement 
when forming heavy steel) is to cast 



Courtesy White Motor Company 


Used for tfompms out ongino volve 
covert, this Kirksite "A" die cost 
about 30 percent lest then o similor 
steel die, ond it reported to be 
still lerviceoble ofter stomping 
7500 pieces from 078 inch steel 

steel inserts in the die, using well- 
developed anchoring methods 

A second important development is 
the increasing use of blanking dies 
made from rolled Kirksite sheet Some 
of the successful applications of this 
type are defimtely in the long-run 
ficdd and all are considered *^rmanent 
tooling" by their users A few plants 
even mass-produce the dies, one com- 
pany in particular having a Ime-pro- 
ducdon setup for making Kirksite 
blanking dies at the rate of 1000 a 
month. 

A third important application that 
will certainly carry zinc-alloy dies far 
beyond the confines of aircraft manu- 
facturing is their use for molding plas- 
tics and rubber Kirksite molds for 
both compression and mjection mold- 
ing are now used in several plants, 
with mold-life results varying from 30b 
to job 

LONG RUNS— For example, one com- 
pany has produced 600,000 mjectlon- 
molded plastics tel^cope rings firom a 
four-cavity die made entirely of zinc 
alloy except for sprue puller and 
stnpper plate The parts are molded 
under 16,000 pounds pressure at 350 
degrees, Fahrenheit, and 50,000 pounds 
clampixig pressure. 

Another manufacturer made an ex- 
tensive study of Kirksite dies for high- 
pressure transfer molding of phenol 
formaldehyde, urea formaldehyde, and 
phenol furfural molding comiiounds 
and for compression molding of lami- 
nated plastics. The zinc alloy molds 
were found to work satisfactordy; bob- 
bing was more difficult than with steel 
molds, for the cast Kirksitat**A** lacks 
the ductility of steel, but me Kirksite 
was much cheaper and has the unique 
property of not sticking to the molded 
plastics part 

Other "tooling" uses for this zinc 
alloy that are not exclusively aero- 
nautical include form blocks for deep 
drawing on l^ydrsulic presses; stretch 
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press dies; dmek jacws cast In perma- 
nent molds, which reduce both time 
and expense and last indefinitely; anti- 
diatter pads lor milling operations; 
sand-cast tube-bending dies that save 
costly machining operations; heated 
dies for forming magnesium alloy sheet 
at 300 to 450 degrees, Fahrenheit; 3igs 
and fixtures for assembly purposes. 

The aircraft industry ^erefore must 
be thanked for having developed a type 
of low-cost tooling that is certain to 
be a boon to many other fields after 
the war. Now considered as full-run 
or permanent tooling for the stamping 
requirements of virtually all airplane 
plants, zinc-alloy dies can be similarly 
applied in mak^ parts for expensive 
or custom-made automobiles, housings 
for oil burners, vending machines, spe- 
cial business machines, metal furmture, 
certain cooking utensils, lighting fix- 
tures, and so on. 

As “temporary tooling," they will 
also invade many other fields as weU. 
To these they will bring design fiexi- 
bihty because of their low cost and 
the permissible rapid production of 
trial dies Customer reaction to experi- 
mental designs can be obtained with- 
out buildmg costly steel tools to pro- 
duce them. 

All of which is another way of de- 
scribing zinc-alloy dies as a highly 
useful and a flexible adjunct to post- 
war product planning and reconversion, 
as well as a promising type of perma- 
nent tooling for longer-run work 


^ m ^ 

SOLDERING CANS 

Now Accomplished With 
Tin-Lead Solder 

In SOLDERINQ the side seams of cans at 
high speed, a 5 percent tin-lead solder 
has laigely supplanted the silver-lead 
solders develop^ for this purpose to 
save tin a few years ago Since the 2 
percent silver-lead solders quickly 
picked up about 5 percent tin hrom the 
tinned cans, this change m omitting the 
silver has not materially increased tin 
consumption for this purpose 

METAL ROLLING 

Improved by Deyelopmenf of 
Two New Processes 

Two RSCENT developments now arous- 
ing much interest among rolling-mill 
men also hold considerable potential 
significance for providing industry with 
better-quality roUed steel and non- 
ferrous products than previously avail- 
able. 

The firtt, the “Umtemper" mill, has 
received much attention from the tin- 
plate producing companies for temper 
passing. Instead of conventionally cold 
worki^ the sheet between pressure 
rolls, the Unltemper mill continuously 
stretches the stock beyond its yield 
point between two sets of gripper rolls. 

This process increases roH life and 
eliminates much of the bearing and 
rolling metion of pressure rolling 


Kence it bids fiedr to lower operating 
costs. The sheet produced by the Uni- 
tenper mill has a more uniform degree 
of cold work throughout its section, 
while the cenvendonal pressure-rolled 
sheet has a greater degree of cold work 
in the surfisce layers. 

The second, the Krause mill, has 
aroused interest in ferrous and non- 
ferrous fields since it reduces a 26-Inch 
wide strip hrom ^ inch to 0.030 inch in 
a single pass This reduction is ac- 
complished by holding the stock in 
tension with a gripper while four-inch 
diameter rolls are moved over it by 
frictional contact between the stock 
and reciprocating cam plates Pressure 
IS applied only on the work stroke, and 
die reduction is made largely through 
the tension in the strip. 

Metal from this mill shows a finer 
and more even grain structure, and 
edge cracking in copper has been mini- 
mi^d. The relatively slow delivery 
speed of 30 feet per minute is Offset 
by the reduction being accompli^ed in 
one pass Developments are in progress 
toward making the operation continu- 
ous by welding the bars end to end 

MORE THE MERRIER 

Many Ingredients Blended 

To Make Fine Steel 

T HE ERA of “just a few** alloying 
agents in a material is passing, and the 
common alloy of the future will have 
many ingredients, all there for a pur- 
pose. Alummum, magnesium, lead, and 
zinc alloys are good nonferrous exam- 
ples and the N£ steels are outstanding 
as a ferrpus case-m-point with “impuri- 
ties’* and tiny amounts of such things as 
boron, zirconium, vanadium, zinc, cal- 
cium, titanium, and so on fimctioning 
as alloying elements A little of this and 
a little of that may not seem as inejffi- 
cient some day as it once did 

BETTER BELLS 

Arise from War-Ttme Need 

To Save Scarce Tin 

An interesting change in the na- 
ture of so-called “aid to navigation" 
bells, necessitated by war-time short- 
ages, will radically change bell metal- 
lurgy post-war. These navigation bells 
are made by the United States Coast 
Guard and are used by the navies of all 
the United Nations Weighing from 225 
to 1000 pounds, the bells were formerly 
made of a 20 percent tm bronze To 
save tm the Coast Guard m 1942 began 
making bells of silicon bronze contain- 
ing negligible amounts of tm Not only 
did the new composition save 200 
poxmds of tm per lOOO-pound bell, but 
it also reduced the cost of the bells about 
10 cents per pound. 

The silicon bronze bells ring in C 
sharp concert pitch instead ol the con- 
ventional D of the tin bronze bell metal 
One of the most important improve- 
ments is an increase in tensile strength 
from 28,000 jxninds per square inch for 
the old bell metal to 45,000 pounds per 
square inch for the new. The new bells 
have not been known to crack, whereas 
the old bells had a hig^ failure rate. 
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A job for seasoned executives — this 7th War 
Loan! Especially when we've got to m^e 2 war 
loans total just about as much as all 3 in 1944! 
Putting this over demands the coxnbmed and 
continued efforts of the "No. 1" men of Ameri- 
can industry. 

This me 2 uis marshaling your plant drive to make 
every payday — from now 'til June 30th — do its 
share toward the success of the 7th. Directing 
the drive is not enough. It's equally important 
to check to see that your directions are being 
carried out — mtelhgently! 


For example, has every employee had: 
1 


S 


an opportunity to see the new Treasury film, 
"Mr. and Mrs. America"? 


a copy of "How To Get There,” the new Finance 
Division booklet? 


a new bond-holding envelope with explanation 
of its convenience? 


7th War Loan posters prominently displayed 
in his or her department? 

information on the department quota — and an 
urgent personal solicitation to do his or her 
share? 


Remember, meeting — and beating — your 
highest-yet 7th War Loan quota is a task call- 
mg for "No. 1" executive abihty. Your full 
cooperation is needed to make a fme showing 
in the 7th! Do not hesitate to ask your local 
War Fmance Chairman for euiy desired aid. 
It will be gladly and promptly given. 



Tb0 Treasury Departmens acknowledges wtth apprectaston she publscaSton of Shss message by 


If you hovtn'f • ce|ty of Ifitt ImiMrfonf 
boolclot, Wor loon Cempony Quolof/' 
got In foucli Immodlofoly wHh your lotol 
Wor nnonct Cholrmon. 
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IN OTHER FIELDS Conducted by The Staff 


Better Television 


PIqsHcs Mirrors and Lenses Hove Overcome Many of the Difficulties 
of Working Large Glass Surfaces. Combined With High-Voltoge Co- 
thode-Ray Tubes, These Plostics Parts Moke Possible Post-War Tele- 
vision Receivers thot Produce Large Pictures Free from Interference 


D evelopment of a television re- 
ceiver capable of reproducing 
pictures that are brighter, clearer, and 
five times larger than were obtainable 
on pre-war sets has set a standard 
for what may be expected of this 
rapidly advancing art in the near fu- 
ture This new Radio Corporation of 
America receiver features a new type 
of screen, 16 by 21 1/3 inches, made of 
surface-treated plastics 
Console models, containing projec- 
tion-type television, FM, and standard 
broadcast receiving facilities, will cost 
approximately $395 when they can be 
put into production. RCA Victor will 
also have several models equipped with 
direct viewing picture tubes, and at 
least one table model priced at about 
$150 

TECHNICAL ADVANCES-The large- 
screen television receiver was made 
possible by four pre-war technical de- 
velopments (1) A reflective optical 
system which collects from the image 
on the' receiving tube and projects up- 
on the viewing screen about six times 
as much light as could be delivered 
from tube to screen by a conventional 
F/2 movie projection lens, without loss 
in image quality (2) A built-in trans- 
lucent plastics viewing screen with 


molded surfaces designed for even dis- 
tribution of light over the area of the 
screen and distribution of transmitted 
bght within the normal viewing angle 
(3) An automatic frequency control 
system which virtually eliminates pic- 
ture distortion caused by interference 
from automobile igmtion and other 
noise impulses (4) A new high-voltage 
type of cathode-ray ^tube which pro- 
duces a brilliant initial image 

MIRROR AND LENS~The optical system, 
which was developed by RCA Labora- 
tories engineers before the war, con- 
sists primarily of a spherical front sur- 
face mirror and an aspherical correct- 
ing lens The mirror may be visualised 
as a shallow bowl, with its reflective 
coating on the concave surface facmg 
the light source The lens is flat on one 
side, with the opposite surface rising 
slightly at the center and at the edges, 
but depressed in the intermediate area 
The system is mounted with the 
image end of the receiving tube facing 
downward through an opening in the 
center of the lens and facing the cen- 
ter of the mirror Images appearing on 
the face of the tube are picked up by 
the mirror and reflected through the 
aspherical lens to the back of the 
viewing screen 



Simplified diogrom of o lorge-screen 
television receiver for the home The 
broken lines trace the poth of light 
from o single picture element on the 
face of the cothode-ray tube to o 
corresponding point on the screen 

The great light-gathenng power of 
this optical system makes it possible 
to transfer to the viewing screen a 
large percentage of the light produced 
on the face of the tube, whereas the 
efficiency of a conventional projection 
lens in such an application is extremely 
low The function of the aspherical 
lens IS to bring the light reflected by 
the mirror to a sharp focus on the 
screen A major obstacle to the de- 
velopment of the system was the time 
and cost involved in making aspherical 
lenses from glass The problem was 
solved by devising methods and equip- 
ment for molding the lenses from a 
transparent plastics material 

THE VIEWING SCREEN— Two different 
optical problems have been overcome 
by special features of the new trans- 
lucent viewing screen One was a 
tendency which the screen would nor- 
mally have to develop a **hot spot,” 
resulting in a glare in the center and 
msufficient light in other parts of the 
image The o^er was the need for dis- 
tributing a major portion of the trans- 



Leftsf detign in lorgt-scretn home televifM receiving equipment 
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nutted light to the area which the 
spectatora would occupy in relation to 
the receiver. Solutions were found in a 
combinaftion of principles which have 
been incorporated in the molded 
design of the screen 

PICTURE CONTROL— Automatic fre- 
quency control discriminates between 
the transmitted synchronizing impulse 
and any stray noise impulse, which 
otherwise might trigger the controlling 
picture sawtooth wave voltage pre- 
maturely This discrimination is 
adiieved by fixing a time interval for 
the former and idiutting out impulses 
which do not arrive on schedule. 

Without some such control, noise in- 
terference could throw the scanning 
beam in the receiver out of synchrom- 
zation with the one in the transmitter, 
causing the former to “black out” and 
return on some lines of the picture 
before they were completed. “Tear 
outs” and ragged edge effects would 
result Preventmg this form of distor- 
tion, the new system regulates recep- 
tion in somewhat the same way that a 
fly-wheel regulates machinery. 

NEW TUBES— The high-voltage cathode- 
ray tube used in the large-screen home 
television receiver is substantially 
smaller and lighter in weight than pre- 
war direct-viewing picture tubes This 
means smaller, lighter, and less costly 
home receivers, and may mean lower 
tube replacement costs 

Designed to operate at a rated voltage 
of 27,000 volts — nearly four times the 
voltage used in pre-war picture tubes 
-the new tubes produce a much 
brighter initial image This high imtial 
brilliance, in conjunction with the effi- 
ciency of the optical system, makes it 
possible to obtain from a tube with a 
face diameter of only five inches a 
bright, clear image on a screen that is 
more than five times as large as could 
be produced on a pre-war direct-view- 
ing tube with a face diameter of 12 
inches 


® * 

SHOP PRACTICE 

Can Reduce Unit 
Cost of Production 

^A^^TH post-war mdustnal competi- 
tion certain to change the emphasis 
from production at almost any cost 
to a peace-time policy of profits through 
production economies instead of higher 
prices, future factory management will 
require every effort to reduce unit 
costs, Professor George W. Barnwell 
told the Metropolitan Section of The 
American Society of Mechamcal Engi- 
neers recently. Barnwell is profes- 
sor of production practice and director 
of shops at Stevens Institute of Tech- 
nology. 

“After the war and the i:ush to buy 
many things which we have had to do 
without for the past several years, 
manufacturers are going to find ^em- 
selves up against file old competition 


that is ever present in our way of life,” 
the speaker declared. 

Under these circumstances, the 
manufacturer has three possible solu- 
tions, he continued. To lift sell- 
ing prices while mamtaining present 
volume; to increase volume at the same 
selling prices and, most desirable of 
the three, to cut the unit cost of pro- 
duction. 

“The cost of producing many prod- 
ucts actually has been reduced by a 
change of material, design, or method 
of processing, even in the war period,” 
Professor Barnwell said “Huge ex- 
penditures for plant, equipment, spe- 
cial tools, jigs, and fixtures, and the 
like have resulted in lower net cost 
per umt of output, but there are, In 
addition, other points at which an at- 


tack may be made on this problem in 
order to cope with the difficulties of 
post-war competition.” 

Such efforts at reducing unit costs, 
the speaker contmued, may well stem 
from the machine shop itself, where 
proper shop organization will be found 
to be the starting point of all efficiency. 

“As a means to this end, it is well 
to assign authority and responsibility 
to workers m equal amounts, since a 
matter that is anybody’s business usu- 
ally develops into a matter which is 
nobody’s business,” Professor Barnwell 
said 

Additional vital elements in shop 
practice to assure the lowest possible 
unit costs, the speaker said, include 
the following Coordination of the engi- 
neering or design department with the 









OFFICIAL U.iv NAVY PHOTO 





spotting the Enemy 
with RAY-BANS 

In the top turret of a U S. 
Navy Liberator this gunner 
spends hours upon hours of 
patrol duty — scanning the brilliant sky 
for enemy planes, while his crew mates 
search for submarines and surface craft. 
Ray -Ban Sun Glasses protect flyers* 
vision with cool, comfortable scien- 
tifically designed lenses and frames. 
Before the war, you saw Ray-Bans 
everywhere — at shooting ranges, at lake 
resorts, on the city streets. Today 
thousands of pairs of Ray-Bans are in 
use on the war fronts — protecting pre- 
cious eyesight from punishing sun glare. 




Shown art tbt distineHvt Ray-Ban San Glasses 
and Ray^Ban Sbootmg Cldssts, AH Ray^Ban 
San Glass pfoductson if allocated to mtUtary use 

BAUSCH & LOMB 

OPTICAL CO., ROCHESTER 2, N.Y 
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shop production department, proper 
selection of equipment and sxnall tools 
on a ^use cost” basis rath«: than 
a first cost basis, control of materials 
and tools by such means as determin- 
ing minimum amounts needed and 
minimum economical amounts to be 
ordered, provision for adequate m- 
ventones and for tool repairs; consid- 
eration of problems of shop layout 
with recognition of the economy of 
short moves, importance of wide aisles, 
and a layout emphasizing the relative 
cost importance of product and process 

BATTLE RATIONS 

Now Being Wrapped 
In Laminated Paper 

K RATION meals for GIs at the battle - 
fronts are now being wrapped In a 
special heat-sealed moi^ure-proof 
material Heretofore the heavy card- 
board box contaimng K rations was 
given a protective coating by dipping 
it m wax, but the Army’s Quax^r- 
master Department found the wax often 
cracked in shipment and so they 
ordered new specifications 

The new wrapping material, made 
of two thicknesses of waxed paper 
laminated over an inner layer of foil, 
was developed by the Maramon Paper 
Company The Package Machinery 
Company has re-designed parts of its 
standard wrapping machine to handle 
the material Six of these machines 
will go to the American Chicle Com- 
pany, and three to the Cracker Jack 
Company Each will have an expected 
capacity of 80 K ration cartons per 
minute 

TURBO-ELECTRIC ROWER 

Will Drive New 

Coal-Fired Locomotives 

T HREE coal-burning locomotives de- 
signed to use in combination the best 
features of steam, turbine, and electric 
drive are planned for future construc- 
tion. Each of these new locomotives 
will combine in a single self-contained 
independent umt the advantages of 
speed, continuous power, and smooth- 
ness of operation that, with other 
types of fuel and comparable horse- 
power, have heretofore been achieved 
only in multiple umts — two or more 
complete engines connected together 

This new kind of locomotive will 
convert the heat energy of coal and 
steam mto 6000 horsepower, delivered 
from a turbine to generators for the 


electric motors which drive the wheels. 
It will be cepMe of running more 
than 100 miles an hour under load, 
with high sustamed speeds on grades. 

The basic designs for the new motive 
power have been completed by the 
Baldwin Locomotive Works in cc^abo- 
ration with engineers of the Chesa- 
peake and Ohio Railroad, for which 
the engines will be constructed The 



steam turbine and electrical eqmpment 
required by the railroad as mtegral 
features have been designed and will 
be built by Westinghouse In horse- 
power per self-contained power unit 
this turbine-electric locomotive is ex- 
pected to surpass by two to three times 
the most powerful Diesel locomotive 
yet built 

The cab will be near the front end 
of the locomotive, giving the engineer 
a protected location with excellent 
forward vision. The coal supply will be 
carried at the head end of the locomo- 
tive instead of in the tender, as at 
present The boiler will take up the 
center section behmd the engineer’s 
cab The steam turbine and electric 
generators will be placed at the rear 
and will feed 4000 kilowatts of elec- 
tricity— enough for all of the electric 
power needs of a town of 5000 popula- 
tion — through motors mounted on each 
of the driving wheels 

BASEBOARD HEATERS 

Keep Temperature Steadier 
Than Older Methods 

Invisible hwne heatmg, with neither 
conventional radoators nor registers 
in a room and known as the ^radiant 
baseboard,” has several advantages 
over conventional heating arrange- 



Ltft* The cost- iron bosoboord rodi- 
otes hoot Abovt Cover removed to 
show pipe connections ond vent volve 


ments Room warmth comes from a 
hollow cast-iron baseboard supplied 
with hot water from a regular home 
heating boiler Radiant baseboards re- 
placed wooden baseboards along the 
bottom of outside walls m rooms of the 
research home of the Institute of 
Boiler and Radiator Manufacturers 
during the severe past winter and 
proved completely successful 
The radiant baseboards are painted 
to match woodwork of the room and 
are hard to distinguish from the tnm 
which they replaced Pipe connections 
from the boiler are concealed m boxes 
at the ends of the baseboards Install- 
ation is a relatively simple job 
The baseboard m the research home, 
located at the University of Blmois, is 
slightly over six mches high and less 
than two inches wide, though appear- 
ing thinner because of molding at top 
and bottom Future installations may 
be recessed mto the wall and extend 
into the room no more than an average 
wooden baseboard 
As a heat source the radiant base- 
board IS completely inconspicuous, 
and does not in any way interfere with 
furniture arrangement or room use, as 
radiators or registers sometimes do 
It is as easy to keep clean as any con- 
ventional baseboard 
By spreading its warmth in the 
coolest part of the room — ^the bottom 
of the outside wall — and providing 
a room-long source of heat, the radi- 
ant baseboard provides the most uni- 
form fioor-to-ceilmg home tempera- 
tures ever acj^eved. 

In previous years, with conventional 
radiators as heat sources, the fioor-to- 
ceiling temperature difference in the 
research home was five degrees in zero 
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weather. Thla past winter^ with base* 
board heat, the (Uffereoce was never 
more than three degrees, even when 
the mercury outdoors dropped to sub* 
zero levels. How effectively the radiuit 
baseboard concentrates heat in 
lower part of the room is shown by the 
fact that, with the new heat distribu* 
tion system, temperatures in die 
research home are uniform from the 
flve*foot level to the eight*foot ceil* 
ing-~ the area which ordinarily is in* 
creasingly the hottest in a room. 

CRITICAL METALS 

Post-War Production Horo is 

Urged for National Safety 

CoNTiNUCD production in the post-war 
period of certain metals vital to na- 
tional safety, even though their im- 
portation would be cheaper, is urged 
by Dr. William H Waggaman, mineral 
technologist of the United States Bu- 
reau of Mines. 

Richly endowed in most minerals, 
this country nevertheless lacks some, 
and has only medium or low-grade 
deposits of o^ers, such as manganese, 
chromium, and tungsten These de- 
posits, more expensive to mme, are be- 
ing worked imder war emergency con- 
ditions, Dr Waggaman says in ^^Cherni- 
cal and Engineering News,** American 
Chemical Society publication. 

After the war, he points out, it would 
be cheaper to import ores of higher 
grade which other * countries can pro- 
duce at less cost, and shut down many 
American mines and processing plants 
producing these highly important min- 
erals. But *^through extensive ex^ilora- 
tions we have established substantial 
reserves of certain low-grade domestic 
ores; by intensive research investiga- 
tions we have learned how they may 
be concentrated or the desired m- 
gredients extracted at a cost that off- 
sets, in part at least, the advantages 
heretofore offered by higher-grade ores 
from foreign sources; men have been 
trained to mine, miU, and process these 
domestic raw materials, and contmued 
research and improved techniques 
should lower production costs still 
further. 

*lt seems logical therefore to con- 
tinue to utilize these resources to pro- 
vide jobs for our people and maximum 
insurance against a catastrophe such as 
now engulfs so many nations unpre- 
pared for war. Certainly, no policy that 
Jeopardizes this nation’s security is 
either economical or wise” 

JET TURBINES 

Have Exfremely Low 

Oil Consumption Ratings 

How TO heat^ not cool, lubricating oil 
used in the Jet*>plarMM;>ower plant de- 
veloped General laecbric engineers 
was one of the problems solved by them 
in their Work. 

Heating was necessary because there 
is only one major moving, part in the 
unit This rotates without appreciable 
vibration and hence can be supported 
on anii*friction bearings. 

As a result heat rejection to the oil 
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Axing the Axis • • • • 

A man doet not fell a tree with one blow It takae many btowe • • 
chip, chip, dup at a time Air power le the eame Not one plane but 
many plenec . . not ona raid but many relda are needed to Ane the 
Alda Tbeae plane* are aaaembled from million* of part^ machined 
parts, mo*t of them controlled, tested and chacked with precUion 
cool* by aldlled craltamen High on the li*t of preciaion equipment in 
the use of aircraft manufacture are scales. They do many opecatlona 
of which balanang connecting rods is a vital one We are proud 
indeed that EXACT WBIGF^ Scales are in constant use for thto 
and many other necassery operation* throughout the aviation industry 
Even though we ere at home, far from ttie active war theetrae, we 
supply many e preciaion instrument with which to AXE the AXIS. 
Engineer* with difficult problem* consult u* daily. Join theml 
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is very low. An oil heating system with 
thermostat control was devis^ to main- 
tain the oil at proper temperature 
under varying degrees of cold at high 
altitudes. 

Oil consumption is negligible, and 
the amount of lubricating oil required 
by the jet-pr<mulmon gas turbines is, 
therefore, smaU— >being 15 percent less 
than that required in other aircraft 
power-plants. The entire lubricating 
system is integral ndth the gas-turbine 
engine, and no complex cooling mecha- 
nisms, oil coolers, or large oil tanks 
' are involved. 

likewiach cooling^ the gas-turbine 
en|^ itgelf Is a simple matter, and is 
provided for as an mtegral part of 
the design. Moreover, air required for 
cooling the unit is as little as 2 percent 


of the sum total taken in for operation 

Engineers who have worked on the 
jet turbmes point out that inherent 
simplicity features such as these greatly 
facilitate production and operation. Tbe 
power pUmt is a *^ckaged** unit whidi 
is installed easily. Inasmuch as it op- 
erates without appreciable vibration it 
can be tied right to the airframe. Op- 
eration-wise, datively few gages and 
instruments face the pilot in the cockpit, 
and there are no propeller or i^el 
mixture controls. 

The gas turbine engines will bum 
kerosine, automobile gasoline, or avia- 
tion hi^-test without any major 
changes being required. Since combus- 
tion is continuous, expensive high-oc- 
tane fuels are not needed, and dieaper 
^els are preferred. 
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New Products 

»nd Processes 


COOLANT COOLING 

Packaged Unit 

Speeds Production 

A DEVSLOPMENT brought about by the 
demand for maximum production 
from machine tools is the perfection 
of a system for controlling the tem- 
perature of coolants and cutting oils 
Increased speed of operation plus the 
war-time use of new alloys and cut- 
ting tools, has created new production 
problems By application of uniform 
temperature control, marked results 
have been shown on many machines 

Cutting oils which flow over the work 
of machine tools are used for lubrica- 
tion, cooling, and for carrying away 
cuttmgs Under present high-speed 
operating conditions, those cutting oils 
which lack sufficient cooling properties 
cause variations in the size, shape, and 
location tolerances of the work piece 
and of the machme itself These varia- 
tions, in a number of cases, cause 
shorter tool life and necessitate fre- 
quent machine adjustment to hold lo- 
cation and tolerances 

Now Chrysler Airtemp engineers, 
through their ^'packaged*’ cooling units, 
have developed a system of controlling 
the vanables caused by coolants and 
cutting oils, making it possible to pro- 
duce a umform temperature condition. 
This condition, once established, can 
be maintained throughout the year 

PRINTING PLATES 

Made of Plastics Are 

Light and Durable 

Plastics printing plates have great- 
ly increased the scope of the Umted 
States’ use of pictures and the printed 
word in this war Greater ease in 
handlmg the lighter weight plates has 
resulted in wider and speedier circu- 
lation of words and pictures overseas 
than would otherwi^ be practical. 
Magazines are prmted from plastic 
plates, books are publiahed from them, 
and pictures are reproduced from them 

Today, for example, the New York 
Times, Chicago Tribune, Newsweek, 
and Time use plates made of •'Vinylite” 
plastics in printing their foreign edi- 
tions overseas The Picture Division 
of the Office of War Information sends 
to outposts all over the world 22,657 
plastic plates a month for reproduction 
abroad. The plates are sent abroad by 
air mail which, if the process depended 
on the use of regular stereotype or 
electrotype metal plates, would lUrdly 
be practical because of the weight and 
bulk involved. Also, in some foreign 
locations there are no facilities for 
making plates from stereotype mats. 


The plastics plates weigh only one- 
eighth as much as electrotypes of the 
same size. They retam detail, can be 
used curved or flat, are virtually un- 
affected by extremes of climate, are 
durable and machinable, and can be 
produced speedily without sacrifice of 
legible impression Moreover, they can 
be produced economically in quantity 

Fidelity of reproduction of the plas- 
tics plates is the highest yet obtamed 
by the printing mdustry, and the 
hardness and durability of the prmt- 
ing surface permit runs comparable 
with the number of impressions ob- 
tainable from the average copper elec- 
trotype Runs of 250,000 to 350,000 are 
being achieved Plastics printing plates 
are easily stored, are not subject to 
attack by moisture, and are virtually 
immune to weak acids, alkalies, and 
other organic and inorganic chemicals 

PORCELAIN ENAMEL 

Sprayed Successfully 

By New Process 

Electrostatic spraymg for use m 
porcelam enameling has been estab- 
lished as a practical techmque as the 
result of recent experimentation The 
technical data accumulated at the 
Pemco Corporation Research Division 
defimtely prove that electrostatic 
spraying is satisfactory m porcelain 
enameling and that when it is properly 
used a uniformly coated product with 
a minimum of overspraying can be ob- 
tained 

The process consists of charging the 
spray particles in an electric field and 
the attraction of these particles to the 
object to be coated It is not entirely 
di^imilar theoretically from electro- 
plating, with the difference Jkhat, in 
electro-plating, the metallic particles 
are suspended in a water medium In 
the electrostatic process, the spray 


particles are suspended m air In the 
use of this process the object to be 
coated is grounded and is surrounded 
by an electrical field that imparts a 
negative charge to the atomiz^ par- 
ticles entering the field. The particles 
so charged migrate in the field toward 
the object which bears a positive 
charge. The field is created by a spe- 
cially designed rectifier and transformer 
which produces a voltage of approxi- 
mately 95,000 volts with a current 
average not exceeding 5 milli-amperes 

WELDER 

Operates on Power 

From Storage Batteries 

Designed for use in plants having 
only a limited amoimt of power avail- 
able, a new storage-battery welder 
IS coupled direct to the 220-volt shop 
wiring system through a battery 
charger which has a maximum 3- 
phase draw of only 26 7 kilovolt-am- 
peres 

The welder itself is of the rocker- 
arm type, with batteries located in 
the base of the machme in place of the 
conventional transformer The air- 
actuated contactor-controller which 
operates on the carbon-pile prmciple 
IS also located m the base of the ma- 
chine With this type of contactor, it is 
the actual welding current rather than 
the primary current which is inter- 
rupted The amount of current is 
controlled by the jpressure between 
the two carbon disks in the contactor- 



Above* Sketch of o stnictural sec- 
tion of a type being produced in 
large numbers on the bottery-operoted 
welding mochine shown in photo below 
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controller. (The greater the presmire 
the lew resistance and the greater the 
current) When the pressure is removed, 
current stops flowing, permitting open- 
ing of the contactor by separating the 
carbon disks without arcing, despite 
the fact that welding current is around 
20,000 amperes. 

An unusual feature is that no com- 
pensation is required for induction 
losses from the fi^t to the last weld in 
the assembly Smce direct current is 
used for welding^, the amount of stock 
in the throat of the welder has little 
effect on welding current, there being 
no induction losses to all practical pur- 
poses 

Although in continuous operation, 
the 12 battery cells are kept charged 
by the automatic charger with its peak 
draw of 80 amperes, ^ree phase Ser- 
vice requirements consist mainly of 
adding water to the battery about once 
every three weeks, and occasional point 
dressing. 

ABUNDANT SILICON 

Being Put to Many Uses 

By Industrial Research 

Significant industrial developments 
are promised by silicon, the most 
plentiful metallic element m the 
earth’s crust, according to Dr Eugene 
G Rochow of the research laboratory 
of General Electric Company Research 
in this new and unexploited field has 
produced some entirely unexpected and 
surprising results. Dr Rochow says 
Resins, varnishes, oils, and other ma- 
tenals have been made from silicones 
and their uses now mclude ceramic 
insulators to protect aircraft radios m 
humid atmospheres. [For other reports 
on silicones, see pages 66 and 114, Feb- 
ruary 1945 issue— Ed] 

^"rhough silicon is three times as 
abundant as alummum and six times 
as abundant as iron, the only com- 
pounds of silicon which have hereto- 
fore been important are those natural 
forms of silica and the silicate min- 
erals which are used in the building 
arts and in ceramic technology,” Dr 
Rochow explains 

^’Many synthetic or man-made com- 
pounds of silicon, some volatile, some 
soluble, some flexible and plastic, have 
long been known but have been con- 
fined to the laboratory as expensive 
curiosities Only recently have chem- 
ists begim to explore the commercial 
possibilities of these synthetic organo- 
silicon compounds, with such surpris- 
ing results that they now seem certain 
to become important to our daily hves 

”These organo-silicon oxides are 
known as silicones because they were 
first considered analogous to certain 
organic compounds called ketones. 
They are more properly thought of as 
organic-substituted sand or quartz, in- 
heriting some of the characteristics 
of their inorganic and organic par- 
entage. From these silicone structure?} 
there have been made a number of 
materials, such as resins, varnishes, 
and oils, all heat-resistant polymers in 
the same way that silicon itself is 
polsnneric and heat-resistant 

**From die troublesome *glue-like’ 


silicone polymers observed in the past 
chemists have developed several new 
and different organo-silicon resins to 
meet many needs of the electrical m- 
dustry As is often the case, research 
in so new and unexploited a field has 
produced some entirely unexpected 
and surprising results For example, it 
was found that the action of various 
organo-silicon halides on glass, paper, 
and cotton surfaces would render these 
surfaces water repellent to a high de- 
gree Mere exposure of the surfaces 
to the vapor of methyl chlorosilanes 
suffices to impart a water-repellent 
film which withstands washmg, dry- 
cleailing, and even considerable 
abrasion 

“Many ceramic insulators in aircraft 
radios are now being treated with this 


General Electric Dri-Flm so that when 
moisture condenses on the insulators it 
will not spread and short-circuit the 
terminals, thereby keeping the radio 
operative during a rapicf dive into 
humid atmosphere. The many uses to 
which such an unusual process may 
be put will become apparent after the 
war is over 

“In the course of further research on 
organo-silicon materials, it was found 
possible to make silicone oils which 
not only had the stability at high 
temperature which is characteristic of 
silicones, but also remamed fluid at 
very low temperatures. In fadt, the 
change of viscosity with temperature is 
so much less than that of ordinary 
petroleum oils that a single silicone 
oil often will suffice for operation of 



^caiKE 


fmsB 

F Ouy 


brass ^ ‘^misiatbs 
iron PUsr/cs 

ST££l BIBBh 

^INC ^l-YWOOO 

c I-UMBEr 

modej, ^ 

Compi.^ ^ 


chiamg AfethJ^ 


? 1 L* 


DoALL 



INDUSTRY'S NEW SET OF TOOLS 


CONTINENTAL MACHINES, INC. 

1)14 i Wo.hlnglM Av. * Minnni».llt 4, Min. 



JUNE 1945 


SCIENTIFIC AMERICAN 


367 




equipment from —56 to +46o degrees, 
Fahrenheit These silicone oils do not 
swell natural rubber nor corrode 
metals. 

*lt seems probable that the organo- 
silioon polymers will find use in the 
future not as direct competitors of the 
many present-day plastics, but rather 
in many applications where no pres- 
ent-day material will do, and where 
full use is made of the outstanding 
thermal durability of the siloxane net- 
work. From this viewpoint, the silicones 
are rightly placed as a new group of 
materials intermediate m properties 
and uses between the organic jdastics 
on the one hand, and glass and the 
ceramic materials on the other.’* 

CEMENTED CARBIDE 

Mpkes Long-Wearing Dies 

For Deep-Drawing Metal 

OooD results in the production of cases 
for radio tubes are being obtained with 
deep drawing dies of cemented car- 
bide Here, on an operation where 
100,000 pieces per die give profitable 
performance, some of the carbide dies 
have turned out as many as 750,000 
pieces — 400 percent more than was 
calculated before they were installed 

The material being drawn is tm 
plated sheet steel. Oil to 012 inch 
thick. Disks 2-9/16 inches m diameter 
are blanked and cupped in two opera- 
tions. The first cup is 1-5/32 inch out- 
side diameter and 1-1/8 inch high 
The second draw is 795 inch m di- 


han<l-driven power generator, which 
replaces storage batteries, and its two- 
way radio-telegraph and radio-tele- 
phone facilities, are combined in a 
single water-proof housing 

A 300-foot antenna, carried aloft by 
either a kite or a balloon, is largely 
responsible for the greater operatmg 
distances of the new unit, a product 
of Radiomarine Corporation of 
America A kite, a collapsed balloon 
in a hermetically sealed container, and 
a small canister of helium are stand- 
ard parts of the equippient Weather 
and wmd conditions determine the use 
of either the balloon or the kite The 
balloon is designed to remain aloft 
for a week or more. 

Intended for semi-permanent in- 
stallation in the lifeboat, the new ap- 
paratus may be easily transferred 
from one boat to another The trans- 
mitter, which may be used for either 
voice or code communication, delivers 
five watts of power to the antenna on 
frequencies of 500 and 8280 kilocycles 
Operating on the former frequency, 
distances from SO to 200 miles can be 
covered; the high frequency signals 
will reach points 1000 miles or more 
distant 

In addition to conventional voice 
and code methods the unit is automatic 
in operation The cranking of the 
hand-generator causes a keying device 
to transmit groups of SOS signals to 
summon aid and ‘iong dash” si^fnals for 
radio direction finder bearings The 
same keying mechanism switches the 
transmitter frequency from 500 to 



FICi 1 DRAW DIE 


FIG 2 DRAW ^ PINCH TRIH OIF 


Sections of the two cemented corbide dies used in the cupping operotion described 


ameter and the draw angle is not 
blended but is cut 60 degrees The cup 
is then finish drawn at size 795 by 
1-11/16 inch high and with a .010 inch 
wall. 

Some of the Carboloy cemented car- 
bide dies for the first draw have run 
as high as 750,000 pieces One of the 
second-draw dies has, to date, exceeded 
100,000 draws and is still turning out 
excellent grade work 

TWO-WAY RADIO 

Speeds Up Possible 

Rescue of Sea 

Cahibls of operating over distances 
of l600 miles or more, new lifeboat 
radio equipment that automatically 
transmits SOS and radio direction 
finder signals, is designed to meet the 
deaumd for more dependable com- 
munication betwem victims of mari- 
time disasters and rescue forces, and is 
reported to be far advanced over all 
previous lifeboat radio equipment. Its 


8280 kilocycles as the power is gener- 
ated, thus assuring automatic trans- 
mission on both fi^uencies. 

When two-way communication is 
needed, the radUi receiver can be 
brought into action. This receiver is 
pre-tuned to the international distress 
frequency (500 kilocycles) It also can 
be timed to swe^ the short-wave band 
from 8100 to 8600 kilocycles. Once 
communication with ships or ^ore 
stations has been established, the two- 
way feature permits the drifting sea- 
men to give information that will ex- 
pedite rescue operations 

AIR CONDITIONING 

Aids Precision in 

Bearing Manufacture 

To PBoracT high precision accuracy in 
vital bearing plimb^ air conditioning 
equipment with a ca^city of 12,000,000 
cooling units or 2600 tons of refrigera- 
tion is bfing used by a bearing manu- 
facturer. bntalled by York Cor|K>- 



Electrostotic air cteonlng units in- 
stolied in a bearing plant to remove 
oil dirt, dust, and smoke from the oir 


ration engineers in the SKF plants, the 
air conditioning is vital in safeguarding 
production of tons of bearings a day 
ranging in size from the diameter of 
a dime to six feet. A total of 550,000 
cubic feet of cool, filtered air a minute 
IS circulated through the plants by 
means of a chilled water system and 
electrostatic air cleaners 

Air conditionmg in these plants is 
aimed at improved production and a 
reduction of spoiled parts 

The smallest of several thousand 
different bearings made are ground to 
a surface finish accurate to one mil- 
lionth of an inch, about the same thick- 
ness as the film of moisture left by 
breathing on a mirror Even a micro- 
scopic bit of moisture, such as per- 
spiration on the hand, will attack the 
surface of a bearing and eat into its 
finish m time Once in contact with 
the polished steel, it cannot be easily 
removed and the corrosion will con- 
tinue until the bearing is repolished 

To guard against this, before air 
conditioning was installed the bear- 
ings earned a coating of oil to protect 
them during han^hng. But this pro- 
tection in itself created another hazard 
The customary dust, grindmg grit, and 
haze in factory air collected more easily 
on the heavier oiled surface and 
threatened to cause destructive abra- 
sion on the bearings when they were 
put in use in high speed operations, 
occasionally as fast as 50,000 revolu- 
tions per minute. In addition infini- 
tesimal quantities of grit and dust 
on the bearings made size gradings 
complicated. 

Now the manufacturing, assembly, 
and inq>ection areas are kept at a 
constant temperature of approximately 
80 degrees and a humidity of 45 per- 
cent Electrostatic air cleaners In the 
critical assembly and inspeefion 
erations filter out nearly 100 percent 
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Highly Versatile "Pencil Weld Gun" 
Welds Cold... Corrects Flows and Defects 
. . . Saves Man Hours, Materials 

Th* Pencil Weld Own, used with its Vibra-Weld 
Transformer, offers simplicity and versatility never 
before known in the industry fqually effective in 
correcting flaws and defects in both ferrous and non- 
ferrous metals — for welding cold, without setting up 
stresses or crystallization 

Simple in Operation, the Pencil Weld Gun re- 
quires but a few moments' practice to achieve results 
formerly unobtainable with any method Utilizing a 
combination of air, high amperage and low voltage, 
the weld never exceeds 125“ to 130’ F The gun uses 
a pure aluminum or nickel rod, which is applied di- 
rectly to the defective area When the surface has 
been finished and polished off, it is impossible to 
detect the repair Fasy to use, as gun neens and welds 
simultaneously The Pencil Weld Cun and Vibra- 
Wcld Transformer can be used wherever 220 volt 
single phase electricity and air outlets are available 

Unavailable, however, is W rigley ’s Spearmint Gum 
As the makers of Wrigley s Spearmint are unable to 
continue manufacture of the product up to their qual- 
ity standards under present conditions, the only un- 
qualifled protection they can give to the consumer 
and the dealer alike i^to keep the Wriglev's Spear- 

;tnis empty 


mint wrapper empty While they advertise 
wrapper, none is bein^ made and any found on the 
market is old production of a peristiable product 

You can g#/ compUto information from 
Mid States Equipment Company 
2429 South Michigan Avenue^ Chicago 16, Illinois 



Clott-up of now Poncil Wold Ovn 



Poncll Wold Gun wHh Vlbro-Wold 
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of all smoke, haze, and du&t particles, 
delivering an atmosphere equivalent in 
purity to that found only at extremely 
high altitudes of the world 

SLIDE RULE 

Tells Cutting Speeds 
Quickly and Easily 

VEST-POCKET plastics slide rule that 
instantly determines the correct speed 
for all metal cutting operations is now 
being manufactured Simple operation 
enables machinists and supervisors to 
select most efficient cutting speeds for 
both high speed and carbide machining 
operations Readings from 10 to 1000 
feet per minute can be obtained Handy 
size permits on-the-spot check of ac- 
tual machimng conditions It is made 
by the Grove Calculator Company 

TELESCOPIC ELEVATOR 

Has Hinged Section 
For Convenience 

PORTABLE elevator is being manufac- 
tured for convenient servicing of ceil- 
ings, sky-lights, overhead lighting fix- 
tures, overhead heaters, and, in fact, 
all overhead repair work and cleanmg 
at a height up to 24 feet 
The design combines the Revolvator 
telescopic prmciple with that of the 



Overheod repoir work simplified 


hinge, as follows Starting with the 
machine collapsed to a height of seven 
feet, the middle portion of the frame 
is turned up to an upright position on 
hinges The upper section, with the 
platform at the top, is then raised by 
hand crank to the full height or any 
lesser height desired This design per- 
mits the machine to be wheeled to the 
working position under low doorways 
or other obstructions 
Although of lightweight structural 
steel, the machine is so designed as to 


be extremely rigid, with a liberal factor 
of safety permittmg one or two men 
with tools to work on the raised plat- 
form without danger The machine 
contains other safety features, includ- 
ing machine cut gears, wide spread 
auto-type steering, independent floor 
lock, self closing brake, and a device 
which holds the platform stationary in 
the event of breakage of the cable that 
actuates the elevator 

SURFACE GRINDER 

Has Hydraulically Operated 
Multiple Control Valve 

The constant research necessary to 
provide modem machine tools for 
American mdustry has led to the de- 
velopment of a new innovation in hy- 


draulic valves This new “five-m-one” 
hydrauhe control valve has been incor- 
porated m the DoAll G-10 surface 
grinder and provides increased speed, 
efficiency, simplicity of operation, and 
greater accuracies This new machine 
tool, illustrated on the followmg page, 
will grind a surface with precision to 
SIX micro-inches 

To understand the function of this 
new valve, the requirements of an effi- 
cient surface grinder must be consid- 
ered The G-10 DoAll has a variable 
table travel of 0 to 50 feet per minute 
with a cushioned reversing action op- 
erated by a pilot valve to give smooth, 
long life performance To accomplish 
this, a table control valve and a table 
reversing valve are necessary 

The crossfeed action (indexing at the 
end of the table travel) is actuated by 
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The Editors Recommend 


PROCKDVRKS IN EXPERIMENTAL PHYSICS — 
By John String, PhM A wealth of uiefal data of 
a praetioal kind for the eonatruotor, evperuneoter, 
and ekllled craftsman $6 80 

STEEL SQUARE POCKET BOOK — By Dwight 
L Stoddurd, Practical methods for uslnf the oar 
penter's steel square for layout work of all kinds 
Time tried methods used by two generations of car 
penters and found both rapid and accurate $1 00 

MANUAL OF LABORATORY GLASS-BLOWING 
—■By R a R^rlght A practical book containing 
latest information on the fundamental t^eratloas 
of glass blowings both elementary and advanced 
90 pages, illustrated $2.60 

TOOL MAKING — By C M C«fe. Instructions for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc , in different 

netals $8.60 

TECHNIQUE OF PLYWOOD — By Chmrlm* B. 
NorrU, Technical information on all phases of ply 
wood manufacture and use, compiled for engineers, 
designers, and users of plywood Important to 
many phases of wartime housing and manufacturing 
problems $8.80 

OPTICAL WORKSHOP PRINCIPLES — By Col 
Chmrl 0 » D4v€ War time translation of a French 
work on precision shop optics, with heavy emphasis 
on actual handiwork Covers glass, abrasives, cements, 
mechanical theory of working optical surfaces, sur 
facing, tests, centering, and so on $6 10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A classic reference book recently revised and brought 
np to date to keep pace with recent research In 
eludes material on all branches of chemistry, phyaiea, 
and allied sciences Used in laboratories and by 
engineers throughout the country Flexible bindiag 
SS71 pages $4.10 korelgn $4.50 postpaid 

ATOMIC ARTILLERY — By John KMoeh 
MobortBOn Electrons, protons, positrons, photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language Also transmutation of the 
elements and the manufacture of artificial radio 
activity $8.88 

EXPERIMENTAL SPECTROSCOPY — By Rmiph 
A Smwyor Covers theory and types of spectroscopes 
and spectrographs, mounting and use of gratings, 
determination of wavelengths, infra red spectroscopy, 
epectrochemical analysis, and so on Somewhat 
elementary but requires knowledge of physics and 
•ome physical optics $8 10 

EXPERIMENTAL ELECTRONICS — By Rmiph 
It. MmUmr, B, JL. Cmrmmn, mnd H B Dree. 
A solid book of eminently pratical information on 
the characteristics and non communication applica 
liens of electron tubes The text describes experi 
meats and psesents results For students, radio 
enfineers, communications experts, and the serious 
feneral reader $4.78 

PRISM AND LENS MAKING — By f Twymmn 
A wide variety of notes based upon a long lifetime 
of practical optical shop work Not a full step by 
atep manual but a valuable working aid to the ad 
vaneed telescope maker and others in optical work 
While the text deals ostensibly with professional 
quantity production, much of It Is basically applic 
able to single piece work $4.60 

PLASTICS — • By / H Dubois Revised enlarged 
edition of an important work on the whole gen 
eral subject of plastics, plus much new material 
on aynthetlo rubber, manufacturing processes, and 
plastics moldings $3.88 


Beat Sellers 
In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Bmrotd C Kelly Definite, outright, practical in 
structions on watch making, repairs, and adjustment 

$ 8.88 

SLIDE RULE SIMPLIFIED — By C. O Hmrrts 
How to use a slide rule without any of the myatifi 
cation that often surrounds this important tool of the 
engineer Excellent Illustrations make everything 
clear. $8.60 including a slide rule, for book alone 

$8 60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl A well written account of this newest 
tool of science, vrith all technicalities explained for 
complete understanding by average person $3 98 

A COURSE IN POWDER METALLURGY — > By 
Wmltor /• Bmoom A sound view of the overall sub 
Ject of powder metallurgy which will serve as an 
excellent guide and reference book $8 60 

THE PHYSICS OF MUSIC — By Alaxandmr 
Woodt D Sc Technical scientific treatise covering 
the lin« between science and music Nature 

of sound, resonance, pitch, the ear, musical quality, 
and so on is its scope It gets down to tangibles in 
a scientific sense $8 10 

PLASTICS, PROBLEMS AND PROCESSES — By 
Mansporgmr mnd Popper The whole story of plas 
tics, including a resume of manufacturing processes 
and a number of thorough going chapters devoted to 
plastics uses $8 10 

THE FUNDAMENTALS OF CHEMISTRY — By 
Jktonroo M OJJnor This text introduces the reader 
to elements, electrons, acids, alkalis, and so on, and 
then covers chemistry and its relationship to every 
day life 80 cents 

ELECTRONIC PHYSICS — By Doctor, Loin, mnd 
Sconton A simplified text for those who desire to 
acquire a sound basis for following the advance of 
applied electronics $8 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — By C P D*Alolto 

How to prepare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

$2 10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
— By Donald H, Jacobs This new work starts 
out at the very beginning. Is mainly non mathe 
metical, and is probably the best suited of all 
existing books as an introduction to optical design 
Author is a physicist at Bureau of Standards $5 10 

FUNDAMENTALS OF PERSPECTIVE — By 
Theodora DePostmls, A I A A method of showing 
the order, or sequence, in which lines of a perspective 
are drawn Use of colors, numbers, and arrows 
eliminates much text found in other books on this 
subject. 20 loose sheets In binder $2 60 

MACHINERY’S HANDBOOK — J2th Edition. 
**Bible of the mechanical industry,*’ 1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room ^.10 


The aheve prices are Raelpald In the United States. Add, on foreign orders, 
28d for postage on each book, except as noted 

(All prices subject to change without notice ) 


For Sale by: Jane. 1945 

SCIENTIFIC AMERICAN, 24 West 40th Street, New York 18, N. Y. 

I enclose $ .... for which please forward at once the followinc books: 


Name 

Addresfi 

Write us for informttion or books on iny subJect.^XTe ean supply any book in print 



Control valve (inset) insures precision 


a hydraulic cylinder and can be con- 
trolled in mfimte settings from 004 to 
200, depending on the work being done 
The crossfeed or traverse action, in ad- 
dition to hydraulic operation, Is also 
actuated by an accurate screw located 
m the center of the cross travel ways 
and can be held to split “tenths of a 
thousandth” for close tolerances on form 
and tool grinding 

INDUCTION HEATER 

Designed for Metal Working^ 

Has Automatic Timers 

Oevelopment of a new electronic in- 
duction heater for brazing, soldering, 
annealing, hardening, and pre-forge 
heating applications in the rapidly ex- 
panding induction-heating field has 
just been announced by the AUis- 
Chalmers Manufacturing Company. 

With a low-loss coupling arrange- 
ment, the new electronic generator 
can be adapted to a wide variety of 
metal-working applications without the 
use of radio -frequency transformers 
Predetermined automatic timing con- 
trols each unit operation, assuring 
uniform production quality The op- 
erator pushes the start button and 
when the operation is completed, the 
unit automatically shuts off 

Other features of this electromc 
heater include a current limitmg cir- 



Simplified confrot oiid softty devices 
ore fioturtf of this indvctiofi heofer 
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cult for protecting the oscillator hla- 
ment and prolonging tube life; a three- 
phase rectifier on larger size units to 
obtain maximum power and prevent 
unbalance of the power line; and 
safety devices for full protection of op- 
erator and unit. 

THREAD GRINDER 

Jumps Production Whilo 
Cutting Costs 

By forming the roots of a screw thread 
so that they come closer to fitting both 
American and British standards, a 
new centerless thread grinder may 
help to solve an mternational problem 
that has long been troublmg mdus- 
trialists and mechamcal engmeers of 
both nations It is estimated that lack 



Typical thrsoded ports produced by 
0 new centerless thread grinding unit 


of unification of screw threads has al- 
ready added 100 million dollars to war 
costs 

In addition to cuttmg production 
and replacement costs, the new thread 
grinder is said to step up production 
output as much as four to ten times 
the present rate 

Key to lowered costs and faster pro- 
duction is the centerless principle by 
which the machine operates This 
makes it possible to feed the parts to 
be threaded contmuously through the 
machine Up to now, this process has 
been intermittent Screws and other 
threaded parts are turned out with 
extreme accuracy, according to the 
Landis Tool Company, makers of the 
machine Nearly 100 percent of the 
production output meets the Class 
Three fit standard set up for precision 
work in the aircraft industry The ma- 
chine IS easily adjusted and operated 
One of its advantages is that it will 
cut hardened steel as easily as softer 
steel, thus eliminating the distortion 
and discolorations caused by heat 
treating the part after machining 

ENGINE IDEAS 

To Increase Efficiency and 
Use Low-Grade Fuels 

Direct injection of gasoline into 
motor-vehicle engmes, with injectors 
to replace carburetors, and the use of 
a new water-alcohol device with pres- 
ent carburetors for truck and bus 
engines, are two post-war ideas sug- 
gested to improve motor vehicle effi- 
ciency. 


A 50«-50 alcohdl-water injection mix** 
ture appears to be the most economi- 
cal fluid for best results The alcohol 
content used may be a blend of vari- 
ous ^cohols for denaturing purposes 
and to gain the best properties of each 
type It is probable ^at the beneficial 
effects of alcohol- water injection are 
due both to cooling and to chemical 
action Best gams are realized when 
fuel of approximately 12 octane num- 
ber lower than the engine requirement 
is used, according to A T Colwell, 
vice president of Thompson Products, 
Inc 

Gasoline injection equipment for an 
otherwise conventional four-stroke- 
cycle automotive engme is described 
by Harry O. Hill, of the American 
Bosch Corporation, as a multi-cylinder 
injection pump having one pumping 
unit for each cylinder of the engine, 
driven at half speed from a tram of 
gears at the forward end of the engine 
An injection tubmg from each pump- 
ing unit would lead to a spray nozzle 
located either directly in the engine 
cylinder head or m the intake mani- 


fold pomtmg directly at the air intake 
valve of the engine. A master control 
for regulatmg the amount of fu^ de- 
livered by the pump so as to maintain 
under all conditions the proper fuel- 
air ratio would be mounted on the in- 
jection pump and have a tube lead- 
ing to the intake manifold, or al- 
ternatively might be mounted on the 
intake manifold and have a mechanical 
linkage of some sort to the capacity 
control lever of the pump In either 
event the master control would de- 
rive Its virtue from a pressure -sensi- 
tive element responsive at all times to 
the intake manifold absolute pressure 
It would thus utilize the engine itself 
as an air meter and would proportion 
the fuel delivery accordingly The in- 
take manifold would be of extra-large 
capacity and would contain a throttle 
valve for the regulation of air to the 
engine There would be no carburetor 
or other mixing device. 

Among the advantages of this equip- 
ment would be improved volumetric 
efficiency, Mr Hill said Application 
of gasoline -injection equipment per- 



and Mne Finish - 

FOR EFFICIENT PRODUCTION 


Close limits and a fine finish are essential for efficient produc- 
tion on many important metal working operations Maximum output 
at imnimura cost can be attained only when the methods and ma- 
< hines are such that close tolerances and the best possible finish 
tan be maintained on piei e after piece, indefinitely 

It IS on this typo of work— exacting toolroom jobs or production 
operations that call for toolroom accuracy— that the high precision 
and dependable performance of South Bend Lathes pay real divi- 
dends. Their smooth operation through a wide range of spindle 
speeds produces surprisingly fine finishes. In fact, when they are 
installed, subsequent finishing operations can often be eliminated. 

Today South Bend Lathes are better in every way Our enUre 
plant is devoted solely to lathe production There has been no low- 
ering of standards because of war time restrictions or shortages and 
the use of substitute materials is negligible, being limited to non- 
essential parts Improvements have been acceler- 
ated to meet war production needs 

South Bend Engine Lathes and Toolroom Lathes 
are made in five sizes* 9*^, lO*', 13*^, 14^^, and 16*^ 
swing Precision Turret Lathes are available in 
two sizes. 


Lathm §uildmr9 For SB Yoon 

SOUTH BEND LATHE WORKS 

458 f Modlton SlfMl • South Bond 22, Indiana 


NEW 
CATALOG 

Now Itoady 

Illustrated in full color — 
Mhowlr^ all types and siaea 
of South Bond Lathea Con- 
tains complete informatiou 
on specifications oapacitics, 
construction features, and 
attachments Ask for Cata- 
log No 100 D 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contaiQs a message of particular impor- 
tance to i^roduccion men This is your 
opportunity to obtain a copy of this 
famous book, which has been aescribed 
as a **turniQg point in the lives of liter- 
lUy thousands of men*'^ 

Although **Forging Ahead m Busi- 
ness” has been distributed to more than 
3,000,000 men. today's timely edition 
was written in tne light of recent world- 
wide developments Its 64 pages repre- 
lent more than three decades of suc- 
itessful experience in training men for 
eadership in business and industry 
It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subiects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
**Forgiog Ahead in Business” 

•*/» thirty minutes this httle hook 

f ave me a clearer picture of my 
ustness future than Vve ever had 
h^ore ” 

• . . and that represents the opinion of 


the Institute's 400,000 subscribers, in* 
eluding 134$000 production men! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Amon^ the prominent industrialists 
who assisted in the preparation of the 
Course, which is descriDed in ’'FORG- 
ING AHEAD IN BUSINESS” are 
Alfred P. Sloan, Jr, Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, E I du Pont de Nemours & Co. 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It docs not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual— the man with 
ambition and ’’drive”— ’’Forging Ahead 
in Business” has a message of distinct 
importance. If you feel that it is in- 
tended for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail the coupon below 


ALEXANDER 

HAMILTON 

INSTITUTE 


AiesaodM Hamiltoa Infdtvca 


Daot. JS, 71 West 23rd Street, New York 10, New York 
in Canada, 54 Wellington Street, Weat, Toronto 1, One 


Please mail me, without cost, a copy ol the 64*ptge 
book— "FORGING AHEAD IN BUSINESS ” 


Name 

Firm Name . 

Business Address 
Position 

Home Address 

— 4 .,,,, 


mits the use of large intake manifolds 
by eliminating gasoline mixtures from 
the induction system and making un- 
necessary any reduction m manifold 
flow area to insure adequate mixture 
velocities at low engine speeds, thus 
avoiding the customary compromise 
between good idling and maximum 
power 

CHAIN SAW 

Cuts Trees Quickly, 

Saving Labor and Lumber 

LIGHTWEIGHT gasoline engine timber 
chain saw is expected to aid m lessen- 
ing the manpower problem in the tim- 
ber industry and speed the output of 
lumber needed for war and post-wai 
urgencies Among the advantages of 
the tool, manufactuied by the Mall 
Tool Company, is an automatic cen- 
trifugal type, stall-proof clutch If the 
saw IS forced too hard, or pinched, the 



Gosoline powers this choin sow 


engine will not stop When the diffi- 
culty IS corrected, the operator can 
continue to saw by simply operating 
the throttle 

The saw is available in 24, 36, 48, 60, 
and 72 inch capacities By cutting fell- 
ing costs and enabling closer cutting 
to the stump, the saw saves timber and 
enables the lumberman to make greatei 
profits It IS less fatiguing to the op- 
erators than hand sawing Adjustment 
of a simple index lever permits hori- 
zontal or vertical cutting The saw is 
many times faster than hand sawing 
and is quickly and easily serviced in 
the field Another advantage is the 
fact that It can be quickly and easily 
moved over rough ground with little 
loss of time 

SANDER 

Alokes Use of Bristles to 

Back-Up the Abrasive 

Recently announced is a new, brush- 
backed sanding wheel which sands, de- 
burrs, and finishes wood, metals, plas- 
tics, rubber products, and many types 
of special materials The outstanding 
feature of this sanding* device is its 
adaptability to jobs that were former- 
ly done only by hand 

The device consists of a central 
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Eight obrosivt 
strips sxUnd 
through the 
housing of 
this sonder 
end ore 
pressed 
against the 
work by 
bristles 


magazine which houses the strip abia- 
91 ve Eight of these strips extend 
through the housing and are held 
against the work by tough bristles 
The bristles “cushion” the abrasive, 
making it possible to get in and around 
corners, hollow and fluted sui faces, and 
small openings 

Overall diameter of the Sand-0- 
Flex (including brushes) is approxi- 
mately eight inches Weight fully 
loaded is about 2yi pounds Normal 
loading contains 20 feet of abrasive 
and reloading is done simply by un- 
screwing a serrated nut and removing 
the cover A wide lange of abrasives 
of various grits and grades are sup- 
plied for use with the sander These 
cailridges, plus the quick-changing 
feature, permit the same tool to be 
used in all operations from rough stage 
to polished surface 

DUST COLLECTOR 

Made Specially 

For Laboratories 

SELF-CONTAINED Combination dust 
collector and bench designed for collect- 
ing both wet and dry dust, dirt, lint, 
pumice, and so on, in dental and similai 
laboratory work is now available Re- 
quiring no installation other than mere- 
ly locating and plugging in the cord to 
the nearest electric light outlet, Lab- 
Bench dust collector not only elimi- 
nates time usually needed for cutting 
and fitting for installation, but has an 



Filters and fan of this self-con- 
tained dust collector are in base 


unusual amount of storage space for 
the collected dust and dirt 
The design permits all the material 
to be separated out of the air stream 
before the latter enters the fan Hence, 
any type of material can be handled 
without wear to the fan blades 

A self- shaking feature of the bag 
type filter also eliminates maintenance, 
and renewal of the filter element does 
not have to be made except at most in- 
frequent intervals 

Recovery of precious metals such as 
gold and silver is ejsily made when the 
collected dust and dirt is removed from 
the bottom of the collector Precious 
metals that have become lodged on its 
surface or imbedded in the filter can 
be recovered simply by burning the 
filter which is inexpensive 

VAPORIZER 

Produces Steam Quickly, 

Shuts Off When Dry 

Holding a full half gallon of water, a 
new Spartan vaporizci discharges a 
“diy steam’ type of vapor less than 
one minute after connection to an elec- 
trical outlet — even though exticmely 
cold watei has been used 

Entirely automatic in action, the unit 
does not lequire the addition of any 



Quick-acting vaporizer 


extra ingredient, such as salt to en- 
hance fast starting, and it shuts off 
as soon as the water chamber is empty 
A special compartment is provided for 
the medicant The main body, han- 
dle, and several parts are molded of 
a special Durez plastics which resists 
heat, watei, and chemicals, is easy 
to clean and to keep clean, and is self- 
insulating The covei is of smoothly 
finished aluminum The complete unit 
IS only 5 inches high, 5V2 inches wide, 
and 744 inches long, and weighs ap- 
proximately two pounds when empty 
While the vaporizer is designed pri- 
marily for relief of bronchial ailments, 
its capacity suggests its use as a hu- 
midifier for offices and sleeping rooms 
where humidity is too low 

TIMING MOTOR 

Shaft Rotates Once an Hour 

For Use in Control Devices 

^^ITH a terminal shaft speed bf one 
revolution per hour a timing and con- 
trol motor has been developed to meet 
control manufacturers’ demands for 
a slow speed, totally enclosed motor 
for use in timers, thermostats, oil 


YOUR 

OPTICAL IDEAS 

Can be developed by 
capable optical engineers 
in our Post War Planning 
Department More than 60 
years of experience de- 
signing, manufacturing 
and testing optical sys- 
tims assures sound and 
practical solutions of your 
specific optical id< a<^ and 
problems 

Inquiries will reteive 
prompt attention 


Wni.M06[Y& SONS, lie. 

EstahUshed 1882 

PLAINFIELD NEW JERSEY 


%ol of 1001 Nse 





The original, fit- 
yoiir-hand tool — 
today’s finest Does 
precision work on 
any metal, alloy, 
nlastic. wood. 


A WHOLE TOOLSHOP IN ONE HAND 

The sky’s the limit with Handee. Its use- 
fulness IS as extensive as the number of 
quick-and-easy-to-change accessories you 
own — there are more than 300 in the 
Chicago line to grind, drill, polish, cnit, 
rout, carve, engrave, sand, saw, etc. 


Because it’s perfectly balanced and weighs 
only 12 ounces the Handee is the **non- 
fatiguing” tool 


Operates on 
r.p.m. 



AC or DC current at 23,000 


With 7 Accessories, Post- 
paid ^18 50 witti Priority 

Free new 64 page Catalog 
of complete Chicago line 

CHICAGO WHEEL k MFQ. CO. 

1101 Monros St Dtpi SA 

Chicago 7, III 
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Bean’t Improved, Revised 
Book on How to Hunt, Fish 
and Camp 

Mr Bean's many years of 
varied experiences have 
proved Invaluable to 
countless sportsmen Def- 
Inlte usable Information 
for making your trips 
safer successful and en- 
joyable 43 chapters 116 
illustrations exceptional- 
ly good paper cloth 
bound 108 pages Includ- 
ing memorandum pages 
for making notes on 10 
outing trips 

Send for 16-page prospectus 
Postpaid anywhere In 
United States or Canada 

Fraaport 230, Maina 

Cemiping Spedoltlss 


SPRINQ ASSORTMENT 

Almost 500 vslusbie new springs, 100 different 
kinds Torsion, compression, cxpeasion, end 
flat types Useful for ell expenments end re- 
peir ^3 00 Larger assortment ( more type# end 
sixes) $5 00 

TECHNICO, 

P O Box 34B>C, Wo«t Hartford, Conn 



Prica $1 00 


L. L. Baan, I no. 

Mfre Flehing and 


Clictrle Niutiiif Elements Nor You Con RspMr Them 

USE NICHROCITE PASTE 



Simply overlap ends, m>\j 
Nlohroclte Paste and turn 
on current Used by large 
utility oompanlee Trial 
order 81 00 4 os . 13 80 
1 pound 18 00 



Advance Co., Bon 841 -$A, Minneapolle, Minn. 



Try 


W PIKE (y CO 


POOR 

EYESIGHT? 
the New PIKE 
Electric Reeder 

A boon for elderly peo- 
ple and others with pooi 
eyesight Wonderful for 
doctors scientists and 
draftsmen 

write for free information 
and details of this new in- 
vention that makes read- 
ing matter 3 times larger 

Elizabeth, N J 



INVENTORS 


NOW IS THE mUE TO 
PATENT VOUN INVENTION 

Menufacturers everywhere 
are buying patent rigbu 
BOW, to they wiH nave 
new items to make and 
sell for civilian consump- 
tion as soon as the war 
is over You should look 
ahead to the future, too 
Protect your invention 
and yourself by •] 
for a patent now, 

SET FREE ^^PATENTGUIOr* 

Our free 48 page ‘‘Patent Gui(Ic“ tells 
what details are necessary to apply i 
for a patent , and countless other facts ' 
you will want to know Mat! coupon 
lor Free “Patent Guide*’ and “Record 
of Invention'*' form today. 


CLARENCE A. OBRIEN 
E. HARVEY B JACOBSON 


I Raglsttred Patent Attorneya 

55 E Adams Bldg , Waabington 4, D. C. 
I Please send your 48 Page “Patent Guide** 

( and jmur ‘^Record of Invention** form 
FJREE. This request does not obligate me. 


Name 
Addresa 
Otjr 


J 



Slow speed for controls 

burner and coal stoker controls, and 
other apparatus in which minimum 
space and slow speeds are necessary 
This new motor, a product of the War- 
ren Telechron Company, has an input 
rating of two watts and can be fur- 
nished m other speeds up to and in- 
cluding SIX revolutions per hour A 
special oil gland has been built into 
the terminal shaft bearing, thereby 
extending its life greatly under indus- 
trial and domestic operating conditions 
The terminal shaft is concentric with 
the outer case of the motor 

HELPFUL DOLLY 

Designed for Handling 

Long Ob/eefs 

Handung and transpoi talion of large 
unit loads of landing mat strips by elec- 
tric industrial trucks created difficul- 
ties arising from the ungainly dimen- 
sions of the material Factory aisles 
were not wide enough to permit carry- 
ing the strips crosswise of the platform, 
and the standard truck platform was 
not long enough to permit carrying 
them lengthwise and have a well bal- 
anced load A satisfactory solution was 
obtained by constructing an auxiliary 
dolly mounted on casters It can be 
moved about manually to a limited de- 
gree and can also be transported 
rapidly between vaiious operating de- 
partments by electric truck 
The dolly was made by welding 



4 Lonf loads eosily bondlod 


ON TECHNICAL BOOKS 

QuomtfttM Limited 
Order Now 


OngioRl 

Title Author Price NOW 


Scattering of Light and the Raman EEFcct 
Bhagaventem ^4 75 42 50 

Hair Dyes SC Hair Dyeing 

Redgrove 

5 00 

2 30 

Chemical French 

Dolt 

4 00 

2 00 

Plant Growth Substances 

Nicol 

2 00 

1 25 

White Shoe Dressings and Cleaners 
W D John 1 75 

1 00 

Chromosomes 

White 

1 50 

1 00 

Chemical Species 

Timmermana 

4 00 

2 00 

Private Generating Plant 

Proton 

2 50 

1 75 

Roof Construction SC Repair 
Molloy 

2 50 

1 75 

Substitutes 

H Bennett 

4 00 

2 50 

Tin Solders 

Nightingale OC 
Hudaon 

2 75 

1 50 

Wireless Coils, Chokes dC Transformers 

Camm 2 50 1 73 

Book of Garden Improvements 

Brett 2 30 

1 25 

Manual of Endocrine Therapy 

Cinberg 

3 25 

200 

Milling Practice 

Molloy 

2 00 

1 00 

Plastic Molding 

Uearle 

4 00 

2 00 

Tropical Fruits 

Sukh Dval 

2 75 

1 75 

Welding 8C Metal Cutting 
Molloy 

2 50 

1 73 

Firepiimps 8C Hydraulics 

Potts 3c Harriss 

2 50 

1 25 

Rancidity in Edible Fats 

G H Ua 

4 00 

2 50 

Handbook of Mica 

Chowdhury 

6 00 

3 00 

Utilization of Fats 

H K Dean 

6 00 

3 50 

Stromberg Injection Carburetor 

Fisher 

2 50 

1 75 

Pumps and Pumping 

Molloy 

2 00 

1 75 


Reinforced Concrete Construction 

Cantell 3 00 1 5n 


Elementary Mathematics for Engineers 

Fleming 2 50 1 50 


Press Tools 

Molloy 

2 50 

1 75 

Jigs, Tools Sc Fixtures 

Gates 

400 

2 00 

Methods dC Analysis of Coal dC Coke 

1 50 

1 00 

Aviation Instrument Manual 

5.00 

3 00 

Wiring Circuits 

Stuart 

2 50 

1 50 

Modern Oil Engine Practice 

B. Molloy 

5 00 

3 00 


(To ebovo pricee mdd 10 cejiti domoetic poBCage 
for each bo^. For foreign poauge sdd 35 cents 
for oech book.) 

(All pneea subject to cheoge edthont notice ) 

SClENTinC AMERICAN 

24 WmI 40di 8t. Maw York 18, N. Y. 
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fiame-cvt parts of standard fiat rolled 
idiapes A steel fitting bolted to the 
forward end of an Elwell-Parker power 
truck platform provides for a pin con- 
nection between the base frame and 
the truck The truck lifts only one end 
of the dolly and can either push or pull 
the load through narrow aisles and 
around comers with ease and safety 
This arrangement for handling loads 
of long pieces has the advantage that 
die truck can be made quickly avail- 
able for handling other types of loads 
on skids in the same plant It can easily 
be modified to accommodate other 
types of material in long lengths such 
as tubes, bars, small trusses, and the 
hke 

INDENTING MACHINE 

Rapidly Produces 

Straight-Line Impressions 

indenting machine that marks 
straight-line impressions on metal parts 
at a high rate of production has been 
given the trade name Gottscho In- 
den ta #10 The moving parts consist 
mainly of a sector of a round steel die, 



High-speed metal morker 


which makes a half turn and stamps 
an imprint into the metal part The 
die then returns to its starting position, 
the marked part is removed, and a new 
one put in its place 

The actual markmg occurs in a frac- 
tion of a second, so that production is 
dependent on handling If parts may 
be smoothly conveyed to and from the 
machine, production may be higher 
than 1200 per hour, according to the 
manufacturer. A friction clutch pre- 
vents jamming, 

FANS 

Designed for General 

Industrial Applications 

Two NEW axial flow fan umts, one 60 
inches in size and the other two inches, 
have been announced by Dynamic Air 
Engineermg, Inc. The 60-inch low- 
pressure propeller, driven with a 10- 



(9 X 0432 X 74 1 X 3S) ^ (245 X 0093 x 36; 
= 13346+ 


Wh«t about tho docimal point? Placo it quickly 
and accurataly with tbo Dacimalizar Pocket 
size, in laathar case, #2 50, with extra (tnul 
tip lying and dividing) acale, #3 Money back 
guarantee 

GEORGE H MORSE 

927 28rii St South Arlington, Va 


Just Published! 

ADSORPTION 

By C L Mantell, Conaulting Chemical En 
gineer 386 pagea, 149 illuatrauona, 78 tablea, 
$4 SO 

A thorough guidebook on adsorption mate 
riaU, equipment, mathoda — covering indua 
trial treatment and the background of practice 
for the designing engineer and plant operator 
Fully illustrated from modern 
induatrial practice 
Order your copy from 

SCIENTIFIC AMERICAN 
24 Wait 40th St 
New York 18, N Y 

Experinuntal aDi Model Work 

line Instruments and Fine Maclunery 
Inventions l>cvelat>e«l 
Sptciil lools, Dies Ckti Cutting, Itc 

HENRY ZUHR, Inc, 187 Lofoyana St , N Y 13, NY 


COLO PIPE, CONDUIT 
and TUBE BENDING MACHINES 

IS Sisat and Typat Avoilobla 
A few of our Moro Thon 12,000 
Cusfomars 

Buraou of Shipa, Wash , D C ; Hanry J 
Kaiaar Co , Calif t Pacific Brldga Co , Bathia* 
ham-HInghom Shipyordt, Standard Oil Co f 
B I Du Pont da Namourt 
A Co } Oanarol EtacfHc 
Co , Crema Co 
Free printed matter on 
request 

AMERICAN PIPE BEND. 

INO MACHINE CO , INC 

World 9 Largest 
Manufacturers 
79 Purl St , Boston, Mass 



Army Auction Bargains 

Muskat fcrawdrivarty 3 for • 

Flints, assorted, 10 for ] 00 

Krog raor sight. Modal '92 1 00 

Caaat cart box, block 30 

Stata buttons, 5 diffarant for 75 

Carbina boot, 13 Inch, block 40 

Pricaa do NOT Inoluda postage 1945 catalog, 308 
pages mailed for one dollar Circular for 34 stomp 

FRANCIS BANNERMAN SONS, 501 Broadway, N Y 12 


wHnTiHeou 

VOU INVINT 

Our FRFK ROOK tells you what to- 
dav’ft inventive market wants— how to 
l>ut down, patent and sell your ideas 
Scores of letters in uur files attest to 
tlie modern demand foi inventions — 
our long experience as Registered Pat 
ent Attorneys will help >ou Det our 
FUFF ROOK. “How to Protect, J i 
innc( and Sell Your Invention ’’ Also 
special document free “Invention Rec 
ord on which to sketch and describe 
>out invention Write today No obligation 

MeMORROW O BKRMAN 

Patant Aftemaya 

1754 AHonfic Bldg , Woshmgfoii 4, 0 C 



FORECAST THE WEATHER 



A scientific instrument that gives you 
a more accurate prediction from the 
reading of your own barometer. 
PoeipaiJ $100 m U S A 

W. H. REDDING 

5105 Nawhall $» Phlladtlphla 44, Pa 



BARGAINS 

Surplus 

OPTICAL ELEMENTS 

Precision Lenses 

Prisms — Filters 

Etc. 

Send ftamp for hsttng and prices 

LABORATORY SPECIALTIES, INO. 

144 So Wobosh St 

WABASH INDIANA 




Uflui Rspsir yosr ows 

NUW ELECTRICAL APPLIANCES 

With 

CHANITB Saif Welding ELECTRICAL 
HEATING ELEMENT flux Generous 
■mount, mstrucuons enclosed #1 00 

postpaid 

CHANITB SALBS COMPANY 

214 South Mam Fort Worth 4, Taxoa 



"DUPLICATED WITHOUT DIES” 

If you daaira to aava uma and criucal 
matanala on production of metal stamp- 
mgs or other small parts, than the 
DIACRO System of **Matal Duplicaung ^ . 

Without Dias*’ merits your conaidaratiom All duplicataa 
wo A IS accurate to 001" These precision maebinas are 
adapubla to an andlass vanaty of work, and ideally suited for 
use by girl operators For short runs your parts srs procassao 
nutter of hours instead of waiting weeks for dtas 

Send for cotolog . . , /'METAL DUPLICATING WITHOUT DIES" 
DI-ACRO ts proaouncod **DlE-AC]CpRCy* 



O flL'IL-IHUJin mro. co 


* 347 fiflhih Av) 
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Boyi 


IND Oil SlD BY THE BBtT 

^ce 5 

CINTKRINQ 
HEAD 

For moMurlni! declivities 
bends etc Eliminates 
calculations — accurate 
easy to operate — saves 
time and errors Obtain 
further details — or send 
for yours subject to re> 
turn and refund POST- 
PAID $15 00 

EASTERN RESEARCH 
& ENG CO 
59 Pearl St, Boston. Mass 


TOOiS 
IN ONI 


*BUY MORE WAR BONDS* 


ISVISTOSa 0« S«t May. 

Xn order to PROTBOT your Invention and reap 
ttic reward that ebouM be youre. PATiNT 
your Invention without delay, and at the eame 
time have RIORT8 to eell when IXanufaetnrere 
convert to Civilian Production Write for 
Information TO-DAT 

RANDOLPH A BEAVERS 
IB ColiNiiMaii BIdp , Wodilnplan, 0 C. 


When yon write to 
advertisers 

• The Editor will appreciate 
it if you will mention that 

SCIENTIFIC 
It in AMERICAN 


IMPROVED 

SUPER DRILL GRINDER 



ONLY $295 COMPLETE! 


Grinds round shank drill points from 
No 42 to 1 1/6" diameter Grinds 
old drills like new Grinds short, 
medium and long twist drills up to 
11" The grinder that gives a rounded 
point 

MONEY BACK QUARANTEEI 

GRIND YOUR DRTI LS I IKK FAC 
TORY IN 25 SECONDS’ Get a perfect 
center and clearance in 4 different point 
angles — 49* — 59* — 69* — and 88® No 
machine shop or work shop should be with- 
out the super drill grinder 

Ask your jobber to supplj — if he cannot 
serve you, mail your check or money order 
for only $:? q«; with your printed address — 
the SUPER GRINDER will come to you 
^ by return mail, postage paid 

The idenl tool for the liobbyiiJt’ 

Available now — Buy it today 

A. D. McBURNTEY 

939 WEST Ah STREET, DEPT SA-6 
LOS ANGELES 14, CALIFORNIA 


horsepower, 1150'-revolutions-per-mm- 
ute motor, delivers approximately 60,- 
000 cubic feet of free air a mmute 
Wide general industrial use is expected, 
particularly where space, economy, 
and efficiency is important in air move- 
ment 

The midget two-inch propelier has 
been developed for a complete fan unit 




Economy of 
spoce and 
power in m> 
dustriol uses 
ore predicted 
for these 
oxiol flow 
fon units 


It will be powered by a tiny motor of 
approximately one two -thousandth 
horsepower and will deliver 30 cubic 
feet of air per minute It was originally 
engmeered for the cooling of modulators 
in airborne electronic equipment 

WIRE STRIPPER 

Has Two Brushes 

Driven by Separate Motors 

INEXPENSIVE Wire stnpper for clean- 
ing cotton and enamel, silk and enamel, 
string asbestos, and similar types of 
light insulation has two wire cleaning 
brushes positively driven, mounted di- 
rectly on the end of separate motor 
shafts Stripping is done by simply in- 
serting the wire in the opemng and 
pressing the foot pedal Between the 
two rapidly turning brushes, the wire 



Insulation stripped from wire by the 
brushes is collected in the cabinet 


IS quickly cleaned Where desirable, 
the distance between the brushes may 
be set to the diameter of wire, thus 
eliminating the foot pedal action. The 
brushes are made m sections of spe- 
cial steel wire ground to size, ihe 
machh^ is a product of the Com- 
mutator Dresser Company, 


A SPLIT SECOND 
IN ETERNITY 



The Ancients Called It 
COSMIC CONSCIOUSNESS 


Must man die to release his inner con- 
sciousness? Can we experience momentary 
flights of the soul — that is, become one 
with the umverse and receive an inRux of 
great understanding^ 

The shackles of the body — its earthly 
limitations — can be thrown off and man^s 
mind can be attuned to the Infinite Wisdom 
for a flash of a second During this brief 
interval intuitive knowledge, great inspira- 
tion, and a new vision of our life's mission 
are had Some call this great experience a 
psychic phenomenon But the ancients knew 
It and taught it as Cosmic Consciousness — 
the merging of man's mind with the Uni- 
versal Intelligence. 

Let This Free Book Explain 

Thi* is not a religious doctrine, but the applict- 
tion of simple, natural laws, which give man an 
insight into the great Cosmic plan They make 
possible a source of great ;oy, strength, and a 
regeneration of man’s personal powers Write to 
the Rosicrucians, an age-old brotherhood of un- 
derstanding, for a free copy of the book “The 
Mastery of Life ** It will tell you how, in the 
privacy of your own home, you may indulge in 
these mysteries of life known to me anaents 
Address Scribe Z O.S. 

UBe "gpsicrucians 

SAN JOse (AMORC) CAUF.U $ A 


15,000 1077 

FORMULAS PAGES 
HOPKINS’ 
’’CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used duly. 

$5 50 postpaid (Domestic) 

StSif Stmb 

SCIENTIFIC AMERICAN 
24 West 40th Street, New York 18, 
N. Y. 
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THOUSANDS 

of NEW ond PRACTICAL 
Formulas From Every Impor- 
tant Industry Will bo Found 
in the Latest Edition 
of 

The New Chemical 
Formulary 
(Vol. 6) 

EdHod by H. BENNETT 

From adhesives to textiles, accu- 
rate formulas are given for a 
multitude of products Alloys, 
beverages, oils, cosmetics, paints, 
polishes, are |ust a few of the 
subjects covered 

Important today is the chapter on 
substitutes 

Suppliers of chemicals are listed, 
with addresses, for convenience m 
locating needed materials 

635 Pages $6 10 postpaid 

SCIENTIFIC AMERICAN 

14 West 40th Street, New Yerk II, N. Y. 


Scientific American’s 
two telescope books 

AMATEUR TELESCOPE 
MAKING and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals Came the war. Hun- 
dreds of new optical industries 
sprang up Fewer amateurs found 
time to make telescopes yet safes of 
these books increased I Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Staffs 

For their Workmen 

Why 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike Today the two books are in 
nearly every optical industry’s offices 
in the nation They ”rate ” 

Amateur Telescope Making ^4.00 
postpaid, domestic, foreign $4*35 
Amateur Telescope Making — Ad- 
vanced 00 domestic, foreign $5,35 

SCIENTIFIC AMERICAN 

24 WMt 40th St. New York 18, N. Y. 


Currtnt Bullatin 
Briefs 

Conducted by K M CANAVAN 


(The Editor will apprenal© il 
if you Will mention Scientific 
Amoncan when writinq for any 
of the publicationb listed below ) 


Arrived O K is a well illustrated 
booklet which shows, step-by-step, 
the methods of sealing fiberboard and 
V-board shipping containers and water- 
proof case liners for export shipments 
The adhesives used aie made to meet 
government specifications to withstand 
rough treatment, extremes in tempera- 
ture, and high humidity Minnesota 
Mining and Manufacturing Company, 
Saint Paul 6, Minnesota — Gratis 

Nevtlif Resins and Plasticizers is an 
82-page booklet presenting new in- 
formation on applications, detailed 
specifications, properties, and other 
characteristics of a number of these 
products A preview of new lesins, sol- 
vents, and pure chemicals, some avail- 
able in sample form only, are described 
The Neville Company, Neville Island, 
Pittsburgh 25, Pennsylvania — Gratis 

The Consulting Chemist and Your 
Business is a brochure outlining the 
type of business enterprise which finds 
use for the services of consulting chem- 
ists and describing some of the branches 
of service offered, including research in 
rubber and plastics, oiganic synthesis, 
physical testing, chemical onginceung, 
and calibiation seivice Foster D Snell, 
Inc , 305 Washington Stieet, Brooklyn 
1 New York — Gratis 

Manual on Flexibli Metal Hose Use 
lb an illustrated catalog dealing with 
a complete line of hose construction, 
flange and coupling types, vibi ation 
absorbers, laundry and platen press 
units, and other opecialties Packless 
Metal Pioducts Corpoi ation. New Ro- 
chelle, Neto York Gratis 

Adhesives Coatings Primers and 
Sealing Compounds is a 56-page 
catalog dealing with the vulcanizing 
and non -vulcanizing types of cements 
made from rubber and other materials 
General information and lules of ap- 
plication on each type aie given and 
questionnaire pages with space for m- 
foimation on adhesive data inquiries 
are featured The B F Goodrich Com- 
pany, Akron, Ohio — Gratis 

Collet Catalog No 45 is a 20-page 
pamphlet that illustrates and gives 
complete specifications and prices of 
a complete line of collets and stock 
pushers, including new models The 
Sheffer Collet Company, Travel se City, 
Michigan — Gratis 

Can Electronics Improve Your Prod- 
uct‘s IS a 32 -page booklet designed 
to help executives seeking sources for 
electronic features to be incorporated 



24>HOOR DIAL Chrwnt SImI 182.1'*''^ 

VniOW OOU) PlUiD St*H sock 

■■;;;/ ' now>vaiuiip^ • 

^ w»'4i p«tk pm$ ‘ 

to Smnrit, M*n http ' 

^ IlHO CHlWOkMOMlY^Pk pkiyC 

Musroiiijg 


I’ 


Positions Open 

I FOR 

I OPTICAL INSTRUMENT 
I ENGINEERS 

OPTICAL INSTRUMENT 
DRAFTSMEN 
OPTICAL ENGINEERS 
COMPUTERS 

, SOME EXPERIENCE REQUIRED 

I POSITIONS ARE PERMANENT 

WRITE FOR INTERVIEW 

i BinswanKer-HenUn Industries 

i 645 UNION AVENUE 

I MEMPHIS, TENN 


Inveph^ 


aefiropliiifii 

BRUSH 








' MlUiM VkKIRS 
' VAlNMNANTl 
I MOHf’.V '.Mill's 
' HDMf 

• Ski VAC, I I'AinS 


Eosy to Plote CHROMIUM 

GOLD, SILVER, NICKEl, COPPER 
For Pleasure and Profit t 

It you have a workshop — at home 
or In buHlmaa— vou need this new 
\V arncr I lc« lroi»lattr At the stroke 
of an eU(trihr<l brush you run 
(U(ir»»pl«ie motlolK inid projects — 
jou cun riplulc worn articles fau 
ufii tools n\tur<H silverware m 
with a durable sparkItnK coat of 
nutiil Gold Silver ( hromlum 
kel (. opperort udmluni Metliod 
Is casv situph quick Ever>thlnu 
furmal»e<i— iquipment complete 
ready for use Hi/ doing a bit of uork 
for others your m/iihint lun pay for 
itself uHnin a utck So make your 
shop complete by kitting a Uurner 
Flettroplater rlglit away Send to- 
day for I-REE SAMPLE and lllus- 
truteU literature ACT AT ONCFt 
WARNm ELECTRIC CO . DEFT H-S 

' ~ N Wells St, Chicaio 10, XIU 


FREE Details & Sample i 


I WARNER ELECTRIC CO. I 

I 663 N Wells St , ChicaBO 10. Otpt B-2 
j Oentlemen Send Free Sample and Details to I 

I ^ame | 

I Addi«9$ I 

State J 


JUNE 1945 


SCIENTIFIC AMERICAN 


377 






DKSIQRS, DUWINQS 
AND SKITMEI OF 

Mechanical Uovaman$$, 
Applioncet, and other 
Dtvtcei 


Evtry conc«Ivobl« ktnd of mochanlcol motion 
and movomont Is briofly •xpioined ond lllus- 
trotod In this unuiuoliy voluobU and helpful 
book At far as known, the only work In ex- 
istence which alms to provide side by side 
suggestion sketches of the various methods in 
use for accomalishing any particular movement 
or work Every engineer, inventor or mechanic 
finds the need of devising, simplifying or im- 
proving some mechanical process or method 
No need to rely on memory or experiences now! 

SUCH AS Accumulators, Anti friction. Ball and 
socket. Bearings, Blowings, Brakes, Cams, Choln 
Oear, Chopping, Chucks, Circular motions. 
Clutches, Conveying, Cranes, Cranks, Cutting, 
Doors, Drilling, Eccentrics, Engines, Expanding, 
Filtering, Gears, Governors, Grips, Grinds, 
Heating, Hinges, Hydraulics, Indicators, Jour- 
nals, Levers, Links, Lowerings, Lubricants, Meas- 
uring and Weighing, Mixing Nozzles, Parallel 
Motions, Pipes, Pivots, Power, Propulsion, Rais- 
ing, Ratchets, Rotary Engines, Safety Appli- 
ances, Shafting, Signals, Slides, Sounds, Speed, 
Spindles, Starting, Striking, Swivels, Trops, Tur- 
bines, etc 

If you work with machinery of any kind, you 
need this ENGINEER'S SKETCH BOOK by 
Thomas W Berber— -355 pages, durably printed 
and bound in cloth Mailed postpaid if you 
send order with $2 98, or sent COD plus 27c 
postage Money bock if not exactly as described 
or if not satisfied 

KNICKERBOCKER PUB CO , 120 Greenwich St . 
Dept MS. New York 6, N Y 



SrW/^FREEUTEMTIlISM 


D^' 

■ C.A.1 


TENTS 

ANPTRAOI MARKS 


C.A.SNOW6CO. 


R0t.F0l*ntAttprm4y$Sbu0t87S 

Of Smw BMf^ WmkiBgtw It D. 0. 



PATENT POR SALE 
or Partnership 

r-wir GMi,rator Oblama powar from 
Streeme or Tides when completely iov 
omsed Will drive forward, up, or down 
WMa used as a propeller 

W. MANNINO 

tm loxlnpien Avo, N Y 35, N Y. 





ThG Commercial Calculator 

will Qulokly solve any 
problem In multiplica- 
tion division and pro- 
portion It will Rive the 
interest on any prin- 
cipal at any rate for 
any time Gives per- 
centage of profit, lOM 
and overhead, division 
of frelRht rates string 
discounts and wages by 
day week or month It 
also gives the number of 
days between any two 
, ^ ^ ^ dates and givm the day 

of the week for anv day Constructed to give 
at least 10 years service Diameter 0 Inchee Sold 
under our guarantee Your money back any 
time within 30 days if you are not satisfied* 

Price, with Instructions, |2 00 
CIRCULARS FREE 

Sihm SIMi SnU OOm Shiart, Fit. 

Slide Rule Maker » since 1915 



into mass-production products. This 
booklet provides practical information 
regarding the firm’s facilities and ca- 
pacity for the production of electromc 
sub-assemblies and parts Operadio 
Manufactunng Company, St Charles, 
Illinois — Gratis Request this booklet 
on your business letterhead. 

Ground Thread Cutting Tools and 
Hobs is a four-page bulletin con- 
taimng descriptions and instructions 
to customers on the ordering and se- 
lection of hobs, taps, cutters, and 
leaders Operational details of the U-6 
automatic thread milling machine are 
given Data on special gages, jigs, and 
fixtures are also included Universal 
Engineering Corporation, Cedar Rapids, 
Iowa — Gratis 

As Many as 500 in One Plant is a 
six-page catalog containing well il- 
lustrated descriptions of three models 
of transmissions for motorizing various 
cone driven machine tools Among the 
installations pictured are lathes, 
shapers, milling machines, automatic 
slotters, and vertical and horizontal 
boring mills Western Manufacturing 
Company, 3400 Scotten Avenue, De- 
troit 10, Michigan — Gratis 

White Potentiometers and Accessories 
IS a 12-page catalog based on m- 
fonnation that is valuable to those 
confronted with educational or re- 
search problems involving precise 
measurement of temperature or tem- 
perature difference Both the single 
and double potentiometer are de- 
scribed Leeds and Northrup Company, 
4934 Stenton Avenue, Philadelphia 44, 
Pennsylvania — Gratis 

The World System of Decimal 
Weights, Measures, Graduation, 
AND Time, by Hamar, is a 69-page 
lithographed booklet which describes 
a measuring system for universal use 
which places weights, measures, gradu- 
ation of the earth, and division of time 
on a common decimal basis The con- 
ception IS ingenious, but any realization 
of It IS far in the future Paper covers 
Universal Unit Systems, Inc, 60 East 
42nd Street, New York 17, New York 
25 

A Practical Guide to the Use of the 
Optonic Color System is a 12-page 
color selection gmde based on 18 short 
and sunple rules for the selection on a 
scientific basis of paint colors for in- 
dustrial, commercial, and institutional 
interiors The Arco Company, 7301 
Bessemer Avenue, Cleveland 4, Ohio, 
— Gratis Request this booklet on your 
business letterhead 

Kno-Draft Adjustable Air Diffusers 
IS a 76-page loose-leaf binder con- 
taining sketches, charts, instructive 
text, and dimension prints to help sim- 
plify the selection and application of air 
diffusers Data on selection, application, 
location, assembly, erection, adjust- 
ment, and testing are given, together 
with information on accessory equip- 
ment W B Connor Engineering Cor- 
poration, Department D, 116 East 32nd 
Street, New York 16, N Y — Gratis 


MICRO SWITCH 

it a anap-actmi BafcellU housed Underwriters 
listed switch No larger than a man’s thumb, 
yet rated at 10 amps 189 volts A 0 Over 90 
types in stock Xrom $1 00 to $4 00 

-fP 4m 

Open or clostd circ $l 10 Open or closed eire $1 25 
S.P 0 T $130 SPOT $1 45 

ALNICO Pocket Pieces 11/16* x 0/16* x Vb* 

pidr $1 00 

Horse Shoe Magnets x x ^,4* pair $1 30 
l^k' X Watch size OEAR BOX 
150 to 1 Ratio 39< 3 lor $1 00 

8KINOERVIKEN Transmitter Button with 
16 page Experiments Booklet $1 00 

2\\ X Uk AC 110 volt Clock Motor, 

3 revolutions per minute $3 00 

One ampere Mercury Switch 
long leads 35^ 4 for $1 00 

BLAN, 64F Oey Sfreot, New York 7, N Y 




WORLD’S LARfiLST MAKIRS OF COUNTING OCVICIS 


VEEDER-ROOT INC. 


MAGIC ELECTRIC WELDER 

110 volt AO-DO, welds, brasss, soldtra, ools 
all mstals, sasy to use fuU dlreetions Oooi- 
plete with power unit, flame and wetalllo an 
attac h m en ts, carbons, fluxes, rods. mask. Utsd 
Por professional or n^bylst. 

MAGIC WELDER MEG CO 
239 Cu>l St Dtpt PA 6 New York City 


THE HENRY SYSTEM 
Of Finger Print 
Ciassification 
and 

Identification 

u now in use by most 
of the Police Departments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions mutt master before 
they can successfully fill all require- 
ments. 

The only book baaed on the Henry 
System is Frederick Kuhne’f. 

“THE FINGER PRINT 
INSTRUCTOR” 

In this 182 -page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

postpaid 

OrRtr From UlEITTIFie AMEILIQAII 
24 Wost 4Mli Stroft, Now York 18f Ha Y. 
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Our Book Corner 

THE BOOK DEPARTMENT of Scientific American It conducted, with the co- 
operation of the Editors, to make available for you a comprehensive book 
service Each month the Editors select and review in these columns new books 
In a wide range of scientific and technical fields In addition, they are ready 
at all times to odvise you regarding the best available books on any subject 
You are invited to use this service freely Tell our Book Department what 
kind of books you wont, and you will be furnished with the names of available 
books. Including prices When inquiring about books, please be specific, 
remember that we can be of the greatest heip only when you teii us |ust what 
you are looking for Books listed in these columns may be ordered from our 
Book Department Add 25 cents per book for mailing outside U S All re 
mittances are to be made in U S funds Prices given are subject to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, locoted in 
the United States, or men In the Navy, Marines, or Coast Guard, located any- 
where, will be delivered, insurance fees should be sent with orders, as follows 


To $5 in value, 3(2 additional, 

POT LUCK 

By Roland Clark 

T HIS IS a most attractive book of in- 
teresting gunning stories by the well 
known writer, etcher, and painter, Ro- 
land Clark It IS profusely illustrated 
by the author himself Mr Clark has 
hunted all his life and we heartily agree 
with Mr Holmar who wrote the intro- 
duction to this charmmg book when he 
says of Mr Clark “As a teller of tales 
that grip the hearts of men who go out 
m the early dawn and cast their decoys 
on rosy waters, or tramp the frosty up- 
lands, he IS hard to surpass (101 pages, 

6 by 9V^ inches, 6 colored illustrations, 
reproductions of sketches and etchings 
as additional art work )— $3 60 postpaid 
—ODM 

AERODYNAMICS 

By L R Parkinson 

I F YOUR vocation or avocation requires 
or suggests that you should have a 
fundamental knowledge of the abstruse 
science of aerodynamics, you can ac- 
quire such knowledge quite pamlessly 
from the pages of this well written little 
book With a minimum of mathematics, 

It deals briefly yet succinctly with phys- 
ical properties of the atmosphere, effects 
of air streams, lift and drag, air foils, 
lift increasmg devices, propellers, and 
wind tunnels, together with other perti- 
nent phases of the subject Elementary 
phases occupy a large part of the text, 
but advanced parts are not ignored A 
number of reference tables supplement 
the text (112 pages, 6 by 9 mches, 73 
photographs and drawmgs ) — $2^5 post- 
paid — A P P 

COLLEGE PHYSICS 

By Mendenhall, Eve, Keys, Sutton 

F or adult readers, whether m college 
or not, an elementary college text- 
book of physics makes an excellent 
reference and study book and this is 
one of numerous texts which rate high 
It IS rather longer and better illustrated 
than most. It is less mathematical than 
some and the mathematics is hmited to 
simple algebra and a little tngo- 


from $5 to $25, 10<, from $25 to $50, 15< 


nometry The whole field of classical 
and modern physics is co\ ered in a 
rounded way and the treatment is 
rather detailed Nq amount of home 
study of physics will fulfill the lack of 
a teacher and experiments but appli- 
cation will go a long way m that di- 
rection (693 pages, 5% by 9 inches, 597 
illustrations ) -—$4 10 postpaid —A G / 

FORMALDEHYDE 

By J Frederick Walker 

R eported to be the first serious attempt 
to sift and analyze the literature on 
the subject of formaldehyde, this tech- 
nical treatise presents the essential 
facts, evaluated and reviewed by a tech- 
nician with a background of years of 
experience m the field This volume will 
be a standard reference for a long time 
to come (397 pages, 6 by 9V^ mches, 28 
illustrations, 31 tables, comprehensive 
reference lists )— $5 60 postpaid —A P P 

PRINCIPLES OF PHYSICAL 
GEOLOGY 

By Arthur Holmes 

A n excellent and thoroughly up-to- 
date treatise on physical geology, 
written primarily for students and 
teachers as a serious textbook, this vol- 
ume may be broadly defined as the in- 
tei pretation and description of the 
physical appearance of nature Titles of 
some of the chapters of this beautifully 
illustrated work are particularly entic- 
ing, as for example ']^e Changmg Face 
Of The Earth, Rocks As Pages of Earth 
History, and the like Part I deals with 
a general survey Part II is entitled 
“External Processes and Their Effects.” 
Part III is entitled “Internal Processes 
and Their Elffects,” and goes into earth- 
quakes, earth tremors, and volcanic ac- 
tivity (532 pages, 95 plates, 262 illus- 
trations )— $4 10 postpaid —A K 

THE FIRE SERVICE TODAY 

By Frank Eyre and E. C. R. Hadfield 

I N THE language of the firehouse, ama- 
teur enthusiasts 'of the ancient, 
hazardous, and honorable trade of fire- 
fighting are “buffs ” This account of the 


RONALD "i" 

Various Fields of 

AERONAUTICS 

INSTRUMENT 
FLYING and 
RADIO 

NAVIGATION 

H L REDFIBLD, 4\rhne Instrument Flight 
Instructor New! Same TiActl»o<i« used to train 
new pilots and seasoned captains Practical, 
to the point, systematic guidance for handling 
fast, modern aircraft Builds on what you 
already know about contact flying Chapters 
on radio range and direction finding naviga 
tion arc simple as possible, give tips from 
actual experience A26 00 

AIR PILOTINO 

VIRGIL SIMMONS, Basu t light Instructor, 
Pan American Airways Step by step lessons 
from first flight to instruments Invaluable 
as well to pilots as to tramees as a guide to 
higlier precision flying skill loo questions 
with answeis A1 $4 00 

AERONAUTIC RADIO 

M F EDDY, Washington Editor, U S 
Natty Magasini For operators, pilots, me 
cli.Tnici executives Follows requiicnicnts of 
the 1 C C , C A A , and actual approved usage, 
such as course guidance and instrument land 
ing Thoroughly covers the theoretical part 
of the aviation radio operator’s license ex 
annnatioii llelpb acquire skill fast A14 $4 50 

Pilots’ and Maokanies’ AIRCRAFT 
INSTRUMENT MANUAL 

G C DeBAUD, Major U S Army Air 
Forces For a systematic course at home or 
in a school Gives a thorough knowledge of 
all types of instruments — flight, navigation and 
engine — in shortest time and with a minimum 
of effort A4 $4 50 

ENOINEERINB AERODYNAMICS 

W S DIEHL. Captain, Eng Div , Bur or 
Aironautns, Navy Dept A Handbook for 
airplane designers Incorporates a gieat deal 
of late material, digested and arranged for 
convenient rcfetencc and application Concise, 
piULtical intormation edition, rcvisid 

A24 $7 00 

AIRCRAFT ELECTRICITY 

N J CLARK, Lieut (; g ) U SN R and 
H B CORBITT, Engineer Provides both 
new and experienced men with the most mod 
ern methods and procedure in design and con 
struction of aircraft — including military and 
naval pi incs— insofar as the electrical system 
IS concerned Gives performance data, dia 
grams, stsiidards Riviicd, enlarged edition 

A20 $3 50 

AIRCRAFT ELECTRICAL SYSTEMS 

B F JORCH, Ensign, Philadelphia Navy 
Yard A practical, easily understood manual 
Fxplains each component part of the electrical 
system Includes speedy methods of testing 
and the procedure for quickly finding and 
eliminating trouble Diagrams, questions 

All $3 00 

AIRPLANE HYDRAULIC SYSTEMS 

H C AUMBNT, JR, RoosevtU Aviatum 
School Explains fully the operation of hy 
draulic equipment of airplanes Shows by 
easy to read text, drawings and diagrams, the 
construction of each unit, causes of trouble, 
and bow to eliminate them AlO $2 25 
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Not Salvage— 

Not Rejects-Not Junk! 

Each place guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before been ofFered to amateurs. Our 
prices are a small fraction of original 
costs. Limited supply available of items 
listed 



eVepiece in focusing 

MOUNT, IH" (35 mm) fl Surplus 
lot from war mstrurntnt Tremen- 
dously wide field of view Diameter of 
eye lens more than 1", field lens 
All outside lens surfaces fluoride 
coated Most remarkably eflicient 
(brilliant) eyepiece ever Each $4 50 
Bushing to fit standard V/i" telescope 
tube $3 00 extra Bushing to fit your 
special tube size $4 00 extra 
DOUBLE ACHROMATIC LENS 
SYSTEM All outside surfaces fluo- 
ride coated (64 mm) fl 

Mounted, od 13/16" (30 mm) Clear 
aperture H" (23 mm) Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a projection lens for Kodachrome 
slides size 2x2 Each $3 50 

ACHROM^TIC CEMENTED OB- 
JECTIVE, 1?^" (48 mm) diameter. 
lOJ^" (264 mm) fl, not mounted, 
fluoride coated Each $3 00 

MIRRORS Front surface aluminized 
174'^ X 2" (irregular), 1/16" thick 
Each 2Sc 

PRISMS Size 2!/j" x 2^3". unmounted, 
white optical glass, excellent optical 
quality, slight edge imperfections 

Each $7 50 

Also the following — m metal mount- 
ings, leacjy to make into diagonals, 
fluoride coated, meet tlie most exact- 
ing requirements, Lorreeted to 2 sec- 
onds of arc 

9/16" (15 mm) x 11/16" (18 mm) 
$2 00 (suitable for micto piojection) 

1 1/16" (27 mm) x 1 3/16" (30 
mm) $3 00, and 1 5/16" (34 mm) x 
V4'* (^3 mm) $3 50 (these two sizes 
arc suitable for 6" and 8" diameter re- 
flectors) Also Amui roof prism 
double inverting, guaranteed coirected 
to 2 seconds of arc, 13/16" (21 mm) 
X 13/16" Each $2 00 



ACHROMATIC NEGATIVE LENS, 
about —12" fl, suitable for Barlow 
lens, in metal mount 1 1/16" (27 mm) 

' od , clear aperture 74 '' (23 mm) 

Each $2 00 

Include Postuqe — Rcmxt unth Order 

CATALOG of Unsas, prisms, ate , 10c 

HAItkY ROSS 

Sciantific and Loboratory Apparotus 
70 W Broadwoy, N Y 7, N Y 


British Fire Service that struggled to 
extinguish the myriad fires of the 
London blitz is a book for them Pro- 
fessional firemen also should find it of 
great interest In addition to a brief 
and entertaining history of firefighting 
in England and a description of the 
variety of equipment used today, the 
book contains an illuminating account 
of how fires should be fought This is 
the best part of it for the American 
reader There is a lot more to putting 
out a fire than squirting water at it and 
smashing windows, and the more the 
fireman knows of his trade, the greater 
his chances of dying of old age (148 
pages, 5V2 by SV^ inches, many illus- 
trations and index ) — $2 10 postpaid — 

rc 

THE RADIO AMATEUR'S 
HANDBOOK 

1945 Edition 

L atest edition of this yearly publica- 
tion, the twenty-second, is rated as 
the most widely used radio training text 
in existence This edition contains ma- 
teiial on the oldei, familiar phases of 
radio theory, plus information on the 
more advanced techniques of the future 
(512 pages of text, 200 pages of adver- 
tising, by OVz inches, comprehensive 
index, papei covers) — $100 postpaid — 
APP 

DEMOCRACY UNDER 
PRESSURE 

By Stuart Chase 

T hose tightly organized minorities 
whose purpose it is to obtain spe- 
cial privileges at the expense of the 
public are exerting piessures that are 
pushing our democratic government out 
of ahnement and causing it to function 
with impaired efficiency, according tc 
author Chase These groups are carving 
the national economy into segregated 
chunks which they legaid as their own 
meat, not to be shared with others 
The greediness of these “Me First” 
boys, Mr Chase says, threatens the 
creation of the happy, prosperous, and 
free America that oui fighting men and 
civilians want to build when the war 
IS over But the authoi is not content 
with only describing the evil — he has 
a number of cogent proposals for curb- 
ing the pressure groups and lobbies A 
stimulating and informative book (142 
pages, 5 Vo by 8 inches) — $110 post- 
paid — J C 

THROUGH ENGINEERING 
EYES 

By Allan R Cullimore 

E ngineers and all who are interested 
*in engineering will enjoy this col- 
lection of selections fiom the literature 
of the world dealing with the inventive- 
ness of men The book begins with 
Homer’s account of Vulcan’s forging 
of armor for Achilles to wear in aveng- 
ing the death of his friend, Patroclus, 
and ends with a selection from Michael 
Pupm’s autobiography In between, the 
chosei^ pieces represent a wide range 
of writers all in some way, factual or 


fanciful, having to do with engineering 
and science At a time when the nar- 
rowness of technical training is giving 
educators some concern, a book such 
as this is especially valuable Reading 
it, the engineer and the student in the 
technical school will obtain a whiff of 
the rich cultural history of humanity, 
and begin to sense that there is 
more to science than technical informa- 
tion (166 pages, 5V2 by 8 inches) — 
$1 10 postpaid — J C 

MASTERS OF MASS 
PRODUCTION 

By Christy Borth 

I N SMOOTHLY flowing tcxt, amply sea- 
soned with pertinent facts but unfor- 
tunately lacking a bibliography, the 
author has put together the running 
story of that particular phase of Ameri- 
can industry which has made the Umted 
States pre-eminent in production After 
dipping briefly into the story of the con- 
tributions which such men as Paul Re- 
vere and Ell Whitney made to our na- 
tion’s gi eatness, Mr Borth buckles 
down to the story of automobile manu- 
facture, which, in truth, icflects the 
peifection of the art of mass produc- 
tion Those giants of this industry — 
Knudson, Ford, Herrington, and dozens 
of others — naturally occupy a large part 
of the volume And, of couise, due 
recognition is given to the tremendous 
part which mass production played 
and IS still playing in World War 11 
Altogether, this story is one to make 
Americans proud of American ingenuity 
(290 pages, 6 by 9 inches, a number ot 
illustrations ) — $1 60 postpaid — A P P 

ROCKET RESEARCH 

By Constantin Paul Lent 

H istorical aspects of rocket research 
occupy about 40 percent of this 
compact little book Then is presented 
a concise chapter on rocket theory, fol- 
lowed by chapters dealing with practical 
applications, hints to experimenters, and 
a resume of the potential advantages of 
jet propulsion Many of the drawmgs 
give specific details of various types of 
rocket and jet propulsion motors Listed 
in an appendix are the numbers of some 
American and British patents on rock- 
ets, and a roster of rocket societies 
(120 pages, 6 by 9 inches, over 100 illus- 
trations ) — $5 10 postpaid — A P P 

SEEING THE INVISIBLE 

By Gessner G Hawley 

A n up-to-date, popular, not a highly 
technical, account of the electron 
microscope and it remarkable findings 
in the world that has been too minute 
to descry undei the best optical micro- 
scopes This book starts at the begin- 
ning and explains the instrument and 
It findings as it goes, so that the aver- 
age reader could carry away a clear, 
rounded, even if not profound, con- 
cept of the subject such as a physicist 
might demand Included are some of 
the newer micrographs which have 
revealed unsuspected details (195 
pages, 4V2 by 7 inches, 71 illustrations ) 
— $2 60 postpaid — A G / 
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Telescoptics 


A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor of tho Sclonhflc Amoriccm books '^Amofour Toloteooo Moklno^' 
ond ''Amotour Ttloscopo Moking^AdvoncoiP' 


C oncrete, offered as a material fox 
telescope making by Russell W 
Porter in “A T M ” (chapter on mount- 
ing design. Figure 7, “Porter’s Folly”), 
has not yet met with general favor, 
perhaps because there is a feeling that 
concrete is crude Frederick H Minard, 
834 Thayer Ave , Los Angeles, Cali- 
fornia, with Edward A Carson of Los 
Angeles, has now constructed “Porter’s 
Folly” of concrete in 10'’ f/\0 size, 
(Figure 1) The conical polar axis is 
made of 16-gdge steel attached to a 
27" flywheel and poured full of con- 
crete That pait alone, with tho con- 
crete-filled, Ifi-gage steel fork, weighs 
1250 pounds 

Asked to pai ticularize, Minard (Fig- 
ure 2) writes 

“After carefully studying the two 
volumes on amateur telescope making 
we decided that ‘Portei’s Folly’ was not 
at all, as he nicknamed it, a folly but 
a feasible idea So we set to woik and 
it took us the better part of a year 
to complete the entire installation Ed- 
ward A Carson was associated with 
me, in fact, the telescope was con- 
structed and installed at his estate in 
Bel-Air, this city The results proved 
the soundness of Mr Porter’s idea and 
it IS a most satisfactory instrument 
in eveiy way 

“Upon viewing the instrument it 
would nevei be suspected that the mam 
elements weie constructed of con- 
ciete The basal block, containing three 
adjusting screws on the bottom, is a 
plain concrete block, poured in the 



Figure 1 Porter’s Folly 
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usual way in a wooden form The 
latter was removed and it remains a 
concrete block, but it is all below the 
observatory floor level and is not 
visible It IS covered by removable 
floor sections 

“Now comes the disguise of the 
visible polar axis — the right ascension 
circle IS a flywheel, 27" in diameter, 
into the hub of which is fitted a long 
2" shaft, trued in a big lathe On the 
lower part of the shaft is welded a 
16-gage steel disk about 12" in di- 
ameter Then a 16-gage tiuncated 
steel cone was rolled and welded on to 
this assembly, the large end fitting in- 
side the nm of the flywheel and the 
smaller end on the 12" disk 

“Into this assembly were placed the 
long rods which hold the declination 
bearings and around these rods were 
placed shaped 16-gage steel forms and 
these forms make the outline of the 
yoke, which shows in the photograph 

“Having this concrete-metal struc- 
ture all set and trued up, the entire 
layout was stood up with the small 
disk end down and the entire foim was 
filled with concrete 

“The only concrete surface that shows 
IS in the centei of the flywheel around 
the hub top and, as this is painted 
black, no one would suspect there is 
any concrete in the construction Not 
even a trace of a crack has ever ap- 
peared on this small exposure In fact, 
the entire polar axis looks as though 
It weie turned out of steel 

“One can kick the polar axis to the 
extent of almost breaking a toe and 
there is no vibration of the telescope 
tube 

“The telescope driving mechanism is 
located at the lowei end of the polar 
axis, entirely below the floor level, in 
a concrete vault Consequently, the 
observei is always in a comfortable 
obseiving position and even at the 
meridian has only to mount two steps 
above the floor level 

“The weights are Tube (16-gage 
rolled steel), 55 pounds, mirror and 
cell, 29 pounds, lead counterweight 
ring, just above cell, 350 pounds, tube 
bearing ring with trunnions (one- 
piece aluminum), 26 pounds, upper 
end ling with flange and revolving 
head (aluminum), 26 pounds, revolv- 
ing cone, steel-jacketed concrete, 1250 
pounds, concrete three-point bearing 
block, 1500 pounds Total, 3226 pounds 

“It is a very stable telescope and 
free from vibration, yet the part show- 
ing above the floor does not look mas- 
sive 

“The observatory as fitted with flanged 
wheels on the bottom of the dome 
and the entire dome ’revolves on a 20- 
pound circular rail on a concrete 


foundation The observer can easily 
push it by hand The floor of the ob- 
servatory IS of concrete on which is 
laid heavy linoleum” 

Porter, who went to see this tele- 
scope and its handsome and practical 
dome, reports “ ‘Porter’s Folly’ is at 
last vindicated It’s a mighty good job 
and it works Steady as the Rock of 
Gibraltar A concrete telescope mount- 
ing’” 

True, this telescope is largely con- 
crete but it still IS not quite a concrete 
mounting unashamed Yet, though so 
much of the concrete work we see 
here and there looks ratty, it rerndins 
nevertheless possible to do concrete 
work that looks finished and refined 
To accomplish this let the worker for- 
get most of the working technique he 
has picked up from sundry laboieis, 
foremen, and contractois Let him then 
obtain scientific instructions from a 
sound source (foi example, the Port- 
land Cement Association, 347 Madison 
Ave, New Yoik) and carefully study 
those instructions and the principles 
behind them And then let him follow 
them to an extent that seems fussy, 
taking special pains to obtain low 
water content, to ram the placed “mix 
well and cuie it leally adequately 



Figure 2 Minard and dome 


Such woik should be free from the 
Clacks ancl spalls and other flaws so 
commonly seen in conciete 

S OMF seeds gestate a long time before 
sprouting The short chapter on 
“Dealing with Spider Diffi action,” in 
“ATM A,” leached notice in 1941 in 
the July- August number of The Jour- 
iial of the Royal Astronomical Society 
of Canada (198 College St Toronto, 
Ont ) in an article by C H Weren- 
skiold, fiom which the following is 
quoted 

“This method consists in placing, in 
the open end of the telescope, a dia- 
phragm having four elliptical open- 
ings, in such a manner as to cover or 
hide the four straight arms of the 
spider and m effect provide them with 
a curved outlme A modified procedure 
is also described in which the spider 
arms are covered with small plates or 
screens of curved outline The spikes 
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or cross-bars in the star images were 
eliminated in both cases 
“The use of diaphragms or screens 
naturally causes a certain loss of light, 
and it has occurred to the writer that 
this loss can be reduced to a minimum 
by curving the spider arms themselves, 
which would render the use of dia- 
phragms or screens unnecessary 
“Several methods for accomplishmg 
this are possible, of course, such as 
suggested in Figure 3, at 1, 2, and 3, 
and where E indicates the position of 
the eyepiece and P that of the assembly 
supporting the prism or diagonal 
“Up to recently the writer has em- 
ployed the ‘straight* spider construction 
of 4, made from brass strip approxi- 
mately 1" X 1/16", m an SMi" reflector, 
and no substantial mechanical weak- 
ness or vibration due to the omission 
of the fourth spider arms has been 
noted The star images with this spider 
naturally exhibited the usual spikes 
In considering the various possible 
curved spider designs, the one shown 
in 1 appeared most attractive from a 
mechanical standpoint, since its arch- 
like design offered strength and sta- 



Figure 3 Four spider types 


bility, together with a reduction of 
the number of spider arms to two A 
curved spider of this type, made from 
brass strip approximately 1" x 3/32", 
was substituted for the straight spider 
formerly employed and has been found 
both mechanically satisfactory and ef- 
fective in eliminating the spikes from 
the star images 

“Furthermore, the definition obtained 
in the observation of planets, such as 
Jupiter and Saturn, appeared to be 
considerably improved This is readily 
understood when we consider that the 
bright disk of a planet as seen in a 
telescope constitutes a pattern com- 
posed of smaller light elements Each 
of these, depending on its mdividual 
brightness, gives rise to more or less 
luminous cross-lines or spikes when a 
straight spider is employed, with the 
total result that the image of the planet 
IS accompanied by a hazy, more or less 
noticeable, cross-band of light, ap- 
proximately as wide as the diameter 
of the planet and oriented m the man- 
ner of the usual star spikes It seems 
obvious that the definition would suf- 
fer under such circumstances, the fine 
detail originally rendered by the mir- 
ror being again partly obliterated by 
the superimposed cross-band of light 
Since no such cross-band is formed 
when a curved spider is used, the 
defiliition is improved accordmgly 


“As to the practical construction of 
the spider 1, it was found desirable 
to prepare an exact drawing before- 
hand and to calculate geometrically 
the overall length of the spider to de- 
termine the exact position of the bends 
adjoming the telescope tube. In order 
to obtain satisfactory results, one must 
make certain that each spider arm is 
curved continuously without any 
straight sections As the work pro- 
gresses, the shape of the spider should 
therefore be compared carefully with 
the drawing A liberal additional length 
of strip was allowed for fastening the 
spider to the telescope tube with short 
bolts The holes for the bolts were 
elongated lengthwise of the strip, an^i 
the correspondmg holes in the tube 
were elongated at right angles to this, 
that is, lengthwise of the tube, to the 
extent required for adjusting the spider 
to its correct position 
“The more strongly curved forms 
shown in 2 and 3 may have certain 
advantages m construction, such as 
lessened danger of straight sections, 
but whether these modifications are 
otherwise practical has not been in- 
vestigated. 

The same subject is discussed m 
mimeographed Mailing 20, of the 
“Astronomical Information Sheets’* (a 
service for placing information on 
new comets, novae, occultations, and 
so on into amateur astronomers’ hands 
quickly 20 mailings, a dollar, G B 
Blair, Dept of Physics, University of 
Nevada, Reno, Nevada, Editor) by Clar- 
ence W Parham Sr, 2354 Woolsey St, 
Berkley, California, who has had ex- 
cellent results with the streamlined 
spider in his 6" reflector and will be 
glad to answer any questions proposed 
by interested amateurs He made his 
spider of a single strip of 3/32" x 
IV 4 " brass bent as in 2 Where sharp 
bends were needed at the ends, the strip 
was grooved with a hacksaw, then 
bent, and the groove filled with solder 
In Mailing 44 of the same “Informa- 
tion Sheets,” Carl E Wells, 419 Oak 
St, Roseville, Califorma, states. “Mr 
Franklin B Wright, 155 Bret Harte 
Hoad, Berkeley, drew my attention to 
the fact that this spider must be curved 
in multiples of half circles — that is, 
one half circle, one circle, one and ont 
half circle, and so on Also, your prism 
holder should present a full circle to 
the light rays A square prism holdei 
will destroy the effect you are trying 
to get with the streamlined spider” 

T o THOSE who are designing Maksutov 
telescopes, the following, from the 
author of the articles in the October 
and December numbers, should be of 
interest. “I wish you would kick me 
good and hard, as there is an error in 
the December article, page 285, first 
column, at bottom The figure 122 
should mstead be half that, or .061,” 
and the other figures mentioned in re- 
lation to it are wrong to the same ex- 
tent I picked up the figure for a di- 
ameter instead of an aperture radius 
My apologies to all and suiii^.” 

The Maks are still delayed because 
those who had nearly finished them 
suddenly took war production contracts 
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50 Years Ago in . . . 



(Coadensed from Issues of July, 1895) 


ELECTKICAL POWER — “The electrical industry Is about 17 
years old and employs over $1^000,000,000 of invested capital 
The greater part of this immense investment has been made 
since 18ES, when the electric motor was proved to be a 
success/* 

STONE — *‘Stone, like lumber, requires seasoning Stone is 
often spoken of as the synonym of solidity— as solid as 
a xock,’ we say, but, as a matter of fact, stone is very far 
from being solid A cubic foot of the most compact granite, 
for instance, weighs about 164 pounds, while a cubic foot of 
iron weighs 464 pounds This plainly shows that in between 
the atoms which compose the mass of the most enduring 
stone there exists much space for air, moisture, and so on 
The seasoning of stone prior to use for building purposes 
has been well understood by the architects of all ages, but in 
tbe modem rush of nineteenth century building too little 
attention has been paid to it Now it enters into the calcu- 
lations of every good architect” 

SHIP LIGHTING *— “The accompanying illustration represents 
the electric light plant on the new steamer Bay State, of 
the Boston and Portland Line The dynamos are multi- 
polar slow-speed machines of 400 lights capacity each, but 



either machine will carry the entire load, amounting to 540 
lights The dynamos were designed by Mr W H Chap- 
man, electrician for the company The fixtures are of the 
latest design, with opalescent globes and shades The din- 
ing saloon IS fitted with ground glass globes, which gives 
this part of the boat a very pleasing effect” 

STEAM POWIR — “Some time ago the Ohio Steel Company, 
of Youngstown, O , not being able to generate sufficient steam 
with the boilers already constructed, and not wishing to 
wait for the completion of those in course of erection, ob- 
tained six locomotives from the N Y , L E & W RR Co ’s 
round house, and, placing them side by side at the rear of 
the engine house, connected them up to supply steam to 
the extent of 600 horse power** 

LIGHT BUOYS — ^incandescent electric lamps on spar buoys 
have been ex^rimentally used in New York Bay for sev- 
eral years, but an installation has now been completed which 
marks a considerable advance in maritime engineering and 


renders the entrance to New York Harbor possible for the 
largest vessels at any hour of the night. Gedney’s Channel 
is now lighted by 10 incandescent lights of 100 candle 
power each iSie lamps are mounted on 50 foot cedar buoys 
which are shackled to 5,000 pound mushroom anchtxrs. The 
cable IS constructed of a copper conductor, Insulated with 
gutta-percha, then bedded with Jute and sheathed with an 
armor of hai^ drawn copper wires This cable carries suc- 
cessfully a pressure of 1,000 volts alternating current under 
water for the distance of 6^ miles ” 

PAPER — “Adansoma bark is chiefiy used for the prepara- 
tion of strong wrapping papers, cartridges, and emery paper 
In point of strength the fibers obtained from it are only 
surpassed by those from the mulberry bush Papers made 
with an addition of adansonia fiber not only possess greater 
tensile strength, but offer greater resistance to tearing** 

AVIATION — “It is proposed to include an international ex- 
hibition of aeronautical apparatus among the interesting 
features of the Paris Exposition of 1900 The sub-committee 
on aerostation in charge of the matter are making prepara- 
tions for the admission of balloons of all kinds, fiying ma- 
chines and soaring apparatus of every description’* 

TROLLEY LINES— “Electric lines now connecting with the 
business center of Chicago, either completed or under way, 
give a grand total of 500 miles The benefit of such trans- 
portation facilities to a city can hardly be overestimated 
for the speed of travel will average nearly eight miles per 
hour or twice that of horse car lines The operation 

of the trolley lines is almost perfect, as the cars run smooth- 
ly and without delay, there being very few accidents to 
persons or machinery ” 

AUTOMOBILES — “Since the early days of the present cen- 
tury a practical road carriage which should carry its own 
means of propulsion has engrossed the attention of many 
inventors Today we are treated to a spectacle of an auto- 
mobile carriage with four passengers which can travel 750 
miles at the rate of nearly 16 miles an hour” 

POWER TRANSMISSION — “The first practical demonstration 
of the system of transmission to be employed by the Cataract 
Construction Company in carrying the electric power to its 
customers took place June 29 Two thousand horse power 
was conveyed from the power house to the works of the 
Pittsburgh Reduction Company, a distance of three-quarters 
of a mile ” 

WOOL CLEARING — “The employment of naphtha as a 
cleansing substance in the scounng of wool is a new method 
favorably commented upon by the scientific papers By the 
use of a pump the naphtha is forced through and through 
the wool, extracting all the natural oil, it being also claimed 
that the naphtha does not injure the fiber of the wool, as 
does alkali cleansing, but leaves the fleece m an actually 
better condition than when cleansed by any other process ” 

WIRE ROPE — “While conducting a series of tests with a 100 
ton testing machine at the Yorkshire College in England, 
which included the testing of a steel wire rope, Prof Good- 
man stated that such ropes were not a modem invention, 
and that he had recently seen a bronze wire rope one half 
inch in diameter and from 20 to 30 feet long which had been 
found buried in the ruins of Pompeii and which must have 
been at least 1,900 years old” 

ARC LIGHTS — “In an arc light produced by alternating 
currents, both carbons are consumed at the same rate and 
both remain pointed Carbons bum faster with the alter- 
nating current than with the direct ” 

HOT COOLING — “A fire started in the steamship Massa- 
chusetts at the foot of West Twenty-ninth Street, New York 
City The outbreak was in the meat storage room in the 
rear hold, and was caused by the friction of two large 
electric fans which are used to keep the meat cool.** 

TELEPHONE SIGNAL — “A small > electric lamp is being used 
instead of a bell in some telephone exchanges in England 
The call for connection lights the lamp** 
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DUPLICATING A GERMAN VACUUM TUBE 


Just behind the battlefront, a telephone system lay dead. 
The retreating enemy, hoping to return, had not blown it up, 
but had taken with them its vacuum tubes. To put it back to 
^ork, the General ordered 1000 new tubes — spot delivery. 

A sample tube was flown back to the United States and 
brought to Bell Telephone Laboratories It was of German de- 
ugn, different from any American tube m both dimensions and 
haractonstKs Could it be duplicated soon’ The job looked 
oasible Within three days, try-out models weie on their way to 
Europe Three weeks later, Western Electiic Company had made 
ind delivered every tube They were plugged in, vital com- 
nunications sprang to life 

Vacuum tubes are an old story foi Bell Laboratories 
scientists Back in 191 2 they made the first effectn e high vacuum 
ube. Three years latei, they demonstrated the practical possi- 
bilities of tubes by making the first radio talk across the Atlantic, 
bointing the way to ladio broadcasting Since then, they have 
leveloped and utilized the vacuum tube wherever it promises 
better telephone communication — there are more than a million 
n your Bell Telephone System. 

Today, Bell Telephone Laboratories is solving many of 
he toughest tube problems faced by the Armed Forces When 
he war is over, it goes back to its regular job— keeping American 
telephone service the best m the world. 


BILL TELEPHONE LABORATORIES 

txiMortiig and invtntlng, davltina and porfacrina for our Armtd Porcot of 
nor, and for continood bnpravoiviontt and oconomlot in foloidiono torvlco. 
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LICTRIC MOTORS 


8PICIAL DESIGNS FOR SPECIAL DUTIES 
From 1/32 hp to 100 hp 

Electric motorf — motor drives — linear and rotary actuators— control motors— syn* 
chronous motor$-self*contained clutch and gear reduction motors— speed mcreasers 
— right angle drives — pump motors— submersible motors— splash proof and explo- 
Sion proof motors — dynamotors — generators — instrument drive motors — splash 
proof inverters — blower motors — fan cooled motors — self synchronous motors. 



ROTARY ACTUATOR 

Ccfmpletely self-contained unit - Vi ho motor* equipped with mag- 
imic clutch and brake - Compound plaoettry and worm and sector 
gearing provides a reduaion of approximately 15«000 to I Maxi- 
mum torque on the drive shaft is 6,000-inch-poufids. Can be wound 
br use in a 28 volt or 32 volt system-^ Output* ipeed is 5/10 rpm. 
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PRIYI An intermittent duty type, 2 7500 rpm motor 

ttipped with magnetic clutch and brake liiermally proteaed 
iditionally proteaed against exposure to dust, sand or salt spray 
— Designed for low impaa torque, to prevent damage in the event 
of ovenravel caused by failure of elearical stops. 


— A 



fUCTRIC PUMP 

Designed to operate hydraulic pumps for 
power driving complex equipment, this unit 
consists of a 5 hp intermittent duty, 2 hp 
continuous duty, 9CO0 rpm motor — Supplied with 3 8 gear reduc- 
tion — Standard AN take-oflf flange, and female spline uke-otf shaft 
-Weight, complete, is 12.4 pounds. 

RIGHT ANGIE BLOWER DRIVE 

Light weight, continuous duty type, 
hp, fan -cooled, 7000 rpm motor 
equipped with right angle gear box and 
drive shaft — Gmr ratio of 1 to 1 - 
Overall efficiency of 70 per cent — Built 
for use 10 a 28 volt system - Engineered 
to fit extremely tight mounting condi- 
tions - Lifetime motor lubricattoo. 

Motor designs to Jit work ami imtaUati&m 
tpocijications as woU as oporaSmg coadt^ 
Swns — custom motor dosipss for akcrajt 
-/ar shifs^Jor trasm^Jor mdtsstry-^ 
for productions^ for powor. Submit your 
problom jobs to EBMCO ongjnoors lattbo 
design oxporiemo of EBMCO gtpoyou mo- 
tors tatUrod to tbo work for usascimsm 
ogteiomey, for maximum oconomy, for 
minimum ir o u b i o. 




IINEAR ACTUATOR 

Completely self-contained unit with iVi 
hp, 10,000 rpm motor ~ Equipped with magnetic 
clutch and brake — A double integral gear reduction unit operates 
screw lack actuator providing 2 Vi"" travel on the jack in less than 2 
seconds, with maximum load of 3000 pounds — a control gear reduc- 
tion drive turns cams for opening and closing specially developed 
limit travel switches 



MOTOR DRIVE Thermally proteaed, Vi hp motor -Equipped with 
magnetic clutch and brake — Motor aauating unit complete weighs 
pounds (nearest competing weight in a motor of this type is 

7 pounds) — Shaft output is 8-inch-pounds at 1200 rpm — Straight 

8 to 1 gear reduaion is provided for work actuation of various kinds 
— Double reduaion and worm drive operates cams for limit motion 
control 


roA punoosis or 
INQUIOr - EEMCO 
engineers will gladly 
study all problems 
submitted Please give 
them pertinent d^ata 
regarding desired per- 
formance and opera- 
tion Cover descrip- 
tion of application — 
duty cycle — kind of 
current — horsepower 
— speed — motor di- 
mensions — mounting 
requirements, etc. 




SMifd VAPOR PROOF MOTOR 

Double enclosed 2Vi bp d-c con- 
tinuous duty motor — integral 
gear reduaion of 3.8 to 1 is pro- 
vided — Approximate output rpm 
Is 2400 — Overload capacity is 
150 per cent for 15 minutes — 
32 or 110 volt d-c — An internal 
ftin cooling system is an integral 
pan of the unit. 


SPLASH PROOF INVERTER 

Self contained unit designed to 
convert 32 volt d< current into 
110 volt 60-cycle a-c current^ 
Totally enclosed, fan-cooled 
model with 350 volt ampeig 
peak capacity — Can be adapted 
for use with a power supply 
source of 110 volt d-C. 


f lECTRICAL ENGINEERING AND MEG. CORP. 

4606 WMt J«ff*rsoii Moutovard, Lm AngalM 10, ealifpmta 
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Lesn than the Span of a Single Century Covers 
the Lifetime of Applied Electricity* From Early 
Developments in an Obscure Art has Come the 
Science of Electronics^ Taking Over Many Jobs 
in Industry and Doing Them Better than Ever J3e- 
fore. A Glimpse of the Future 


By VIN ZELUFF and JOHN MARKUS 

Associate Editors, ELECTRONICS 


G oin« back a hundred years, just beyond the mem- 
ory of anyone living today, brings us simultane- 
ously to the first issues of Scientific American and 
to the growmg-pains days of electricity, when glowing 
electronic tubes were yet undreamed of and even the 
electron itself was unknown 
In 1845, horses furnished the motive powei for trans- 
portation. The life of these horses was rigorous, and on 
the average they lived only about three years. As eve- 
ning approached, lampbghters made their founds 
through city streets on nights when there was no full 


moon In homes the filling of kerosme lamps, trimming 
of wicks, and wiping of the glass chimneys was an al- 
most daily chore. This non- electrical kmd of living con- 
tinued for 3 ust about 35 more years, while scientists 
and inventors plodded away in dingy laboratories creat- 
ing the electrical foimdations for the progress to come. 
Even m 1880 there were no electric lights, except m 
the hands of a few experimenters — no electric street- 
cars except in the dreams of visionaries — no electricity 
in homes, and little anywhere else. But people did not 
miss these things, m fact, visitors at the Centennial 
Exposition in 1876 glanced at the small and unobtrusive 
Gramme generator supplymg current to a single arc 
lamp and blinked at the dazzle of bluish light “What 
curiosities!” they commented as they walked on to ad- 
mire the giant steam engine m the next booth 
But the inventive minds of men like Bi^ush, Thomson, 
and Edison kept prodding these first sputtenng dynamos 
into more and more of the productive uses that would 
one day compel the steam engine to share honors with 
electrical power. Brush improved on the dynamo and 
made the carbons of the arc lamp adjust automatically 
to the correct distance apart, without touch of human 
hands. The first Brush lamps |to be installed m Philadel- 
phia, in the show windows of the John Wanamaker 
store, were one of the wonders of 1878 and were de- 
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scribed by one newspapei reporter as ^‘immature moons 
on carbon points, held captive m glass globes** 

ARCS TOO BRIGHT — Elihu Thomson made the gen- 
erator brushes adjust themselves automatically to 
changes m load, so that individual hghts could be 
switched on and of¥ without upsetting the balance of the 
circuit But the arc lamp was too bright foi home use 
and had many other weaknesses Could anyone cut 
up its two thousand candlepower into, say, twenty lamps 
each equal to a hundred candles*^ 

Thomas A Edison thought he could Near the end 
of October in 1879 he carbonized a cotton thread, bent 
it into a horseshoe shape and put it inside a sealed 
glass bulb The current was switched on The lamp 
glowed with a soft light Half expecting the frail red 
horseshoe of light to vanish, he and his workers sat 
down to watch and wait No one thought of eating or 
sleeping A second dawn found them still at their vigil, 
and not until 40 hours aftei that lamp first received 
current did it burn out 

As the httle lamp glowed on and on, they envisioned 
great cities hghted fiom central power stations by lamps 
lasting hundieds of hours They had a lamp that could 
go where arc lamps were impractical — an entirely new 
light source to compete with gas lighting 

In city after city in the decade that followed, elab- 
orate celebrations heralded the turning on of outdoor 
arc lamps for the first time People fell on their knees 
at the sight, as if in the presence of the supernatural 
And all this time exploiers were searching the world 
for dense, woody giowths fiom which better filaments 
could be cut for Edison’s lamps Bamboo of a certain 
species pioved better than anything else then known 
In 1881 his company sold neai ly 30,000 lamps at 70 cents 
each 

By August 1882 Edison had wired 900 buildings in 
New York and placed more than 14,000 lamps m then 
sockets But tioubles weie ever piesent During a test 
of the system, a young man burst into the dynamo 
room crying **Your electricity has got into the pave- 



Foreronner of the Inutsformer was this Ganlard and 
Gibbs unit brought to ti*S« in 188^ by Westinghouse 



Bv 1917, this Coolidge X-ray tube had standardized 
practice in a field formerly on a hit-or-miss basis 


ment up in Fulton Stieet and all the horses are danc- 
ing” An Edison crew took several days to locate the 
faulty buried conductors and repair the insulation that 
caused such mischief The system was successful at its 
inaugural, howevei, and initiated two decades of ex- 
ploitation of “dose schmall condensed lights vat comes 
in bottles,” in the words of one newly arrived immi- 
giant 

IMPROVING THE PERFECT— By 1900 many scientists 
were convmced that Edison’s carbon filament lamp 
was just about perfect and doubted whether it would 
ever be materially improved However, the General 
Electiic Research Laboratory was started that year, 
and since then the efficiency of the lamp has been in- 
ci eased about sixfold* 

Dr Whitney started the investigation when the grad- 
ual blackenmg of the bulbs, as they were used, began 
to annoy him He knew that the blackening was caused 
by the evaporation of carbon from the carbon filament, 
but he thought the rate of the blackenmg might be 
increased because the filament contained small tiaces 
of ash oxides To reduce the undesirable oxides, he tried 
treating some carbon filaments m ^a special furnace 
at a much higher temperatuie For the same life as 
prior filaments, his new lamps had 25 percent higher 
efficiency, at the same efficiency, they had 4% tnnes the 
life’ 

Whitney’s new GEM lamps were put on the maiket 
m 1905 (GEM was the name obtained fiom the initials 
of General Electiic Metallized — so called because the 
graphite coatmg of the carbon filament acquit ed metal- 
likc characteristics in the furnace ) GEM lamps sold foi 

12 years, when they were replaced by tungsten -filament 
lamps whose efficiency was 80 percent higher 

Dr W D Coolidge initiated this next advance in 
lamp efficiency by developing a piocess foi producing 
ductile tungsten commercially and di awing it down 
to a fine wire Lamps with this tungsten filament were 
so strong that breakage in shipment was no longer a 
major problem, and the lamps at last were able to 
withstand the violent shuddei's of the automobiles of 
those days 

Dr Irving Langmuir soon discovered that the black- 
ening of lamp bulbs caused by evaporation of tungsten 
from the filament could be greatly reduced by fillmg 
the bulb with an inert gas at atmospheric pressure All 
except the smallest-size bulbs are gas-filled today, and 
modern lamps generally bum out long before they 
would have to be discarded due to the blackening effect 
The 60-watt bulb that once cost $1 75 and had an ef- 
ficiency of 1 7 lumens per watt for a useful life of scarce- 
ly more than a hundred hours is today selling for only 

13 cents yet has an efficiency of 13 9 lumens per watt 
and lasts more than 10 times as long 

BETTER X-RAYS-As soon as he succeeded in produc- 
ing Mnx>ught tungsten for lamps, Coohdge tum^ to its 
appheation to X-ray tubes.' Observing the higher melt- 
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mg point and heat conductivity of tungsten, he replaced 
the platinum target of the tubes with tungsten. 

Up to this time, all X-ray tubes were dependent for 
their operation on the presence in them of a small 
amount of gas, which determined the characteristics of 
the tube But, since different degrees of penetration 
were required for radiographing different parts of the 
body, X-ray technicians had to keep an assortment of 
tubes Even then there was a certain amount of guess- 
work mvolved in selecting the right tube 

Coolidge planned to build a tube with the highest 
attainable vacuum and with a hot-tungsten filament re- 
placing the cold aluminum disk as cathode He rea- 
soned that the electron emission depends on the tem- 
perature of the filament, so why not control the 
temperature of the filament by a rheostat‘s Coolidge 
tried, and it worked By such control, he could deter- 
mine the electron emission and consequently the elec- 
iiical characteristics of the tube This tube, which bears 
the name of its inventoi, has made an exact science of 
the hitheito hit-or-miss X-ray practice 

Today 1,000, 000- volt and 2,000,000-volt X-ray tubes 
peer through many inches of steel as though it were 
glass, and scientists are even woiking on billion- volt 
tubes 

WIRE COMMUNICATION — The telegraph really 
stalled with Oeisted, who in 1819 found that a mag- 
netized needle would be deflected from its noi mal posi- 
tion when bi ought close to a wire carrying a cuirent 
Soon aftei , Ampere proposed the use of magnetic 
needles and coils for the leccption of signals Ampeie’s 
fiist telegraph system employed a pair of line wiies for 
each charactei to be sent, which made it of little value 

Wheatstone and Cooke did much to popularize the 
telegiaph and to demonstiate a system of the deflecting- 
needle typo, requiting six line wires It was used on 
railway systems, but was supeiseded by a type having 
only two line wiies 

While returning from a study of art m Euiope, Morse 
designed his first telegraph Moise had a stylus attached 
to a movable armatuie which was actuated by the pull 
of an electromagnet The stylus tiaced a recoid of the 
dot and dash code impulses on a moving piece of paper 
About 1835, Morse privately demonstrated his tele- 
giaph and obtamed the backing of Gale and Vail These 
men not only obtained financial aid, but also made later 
improvements The early sending switch was opeiated 
by drawing beneath it cither a notched bai or a bai in 
which pegs were arranged in accordance with a code 
Neithei hand operation noi aural reception weie em- 
ployed at this time 



An early alternating-current central ttatiotif wltltt belt- 
driven generators and wooden switchboards in rear 



First dynamo (Edison) ever used to operate incandes* 
rent lamps on a ship ( oiirlesv IJ S. National Museum 


Soon Moise and his associates substituted a telegiaph 
key, operated by hand foi the eaily sending apparatus 
The method of reading the Moise dot-and-dash code 
message from sound rather than from a tape was per- 
fected by Vail in 1844 

Morse obtamed patents in 1848 As early as 1838 he 
had demonstiated his apparatus before the President 
of the United States and his cabinet Money was pro- 
vided by the govemment for the constiuction of a line 
between Washington and Baltimore This Ime was 
opened for public use and proved successful Yet when 
Morse offered his telegraph to the government, it was 
refused on the recommendation of the postmaster- gen- 
eial, who stated that he was “uncertain that the rev- 
enues could be made to equal its expenditures ” 

To mcrease the message-can ying capacity of the line, 
Gintl invented the duplex system in 1853, and Heavi- 
side in 1873 and Edison in 1874 independently mvented 
the quadruplex system The multiplex system wa|5 sug- 
gested by Farmer in 1852, and later developed by Meyer 
(1873), Baudot (1881), and Delaney (1884). 

SUBMARINE CABLES — After the introduction of gutta- 
percha as an insulator and methods of applymg it to- 
wires had been developed, submarme cables became of 
commercial importance 

One of the first attempts to lay a submarine cable 
was made in 1850, when a cable was placed between 
England and France. Because of its weak construction, 
it broke shortly after communication was established 
In 1851 a second attempt was made and this time the 
cable proved successful 

The first attempt to lay a cable across the Atlantic 
was made by Cyrus Field and his associates m 1857 It 
ended in complete failure In 1858,' however, cable was 
successfully laid between Newfoundland and Ireland, 
it was operated for about three months^ before it failed 
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in deep water and could not be repaired In 1865 an 
effort was made to lay another cable, but it broke when 
about two-thirds completed. The following year, how- 
ever, a cable was laid across the ocean, and this cable 
proved satisfactory. Soon after, the broken end of the 
cable laid the previous year was picked up, and this 
cable was then completed. These two cables were op- 
erated without competition until 1869, when an addi- 
tional cable was laid Now there are more than 20 cables 
across the Atlantic between North America and Europe 
alone, and more than 3200 submarme telegraph cables 
m the entire world with a total length m 1931 exceedmg 
350,000 miles 

WIRELESS — In 1865, James Clerk Maxwell, utilizmg the 
electrical and magnetic experiments developed by Fara- 
day and Oersted, proposed that light waves were elec- 
tromagnetic m character and that a charge of electricity 
moving through space constituted an electric current 
Heinrich Hertz proved m 1888 by his expeiiments that 
Maxwell’s predictions were vahd. Hertz showed that 
radio waves move with the same speed as that of light 
and behave in much the same manner He also showed 
that the radio waves had lengths that varied from a few 
inches to many miles 

With Hertz’s equipment, electric waves could be de- 
tected at very short distances only During the early 
nineties, however, many scientists, including Branly 
and Lodge, experimented with a more sensitive type of 
detector, to which the general name coherer was given 
This instrument consisted of a glass tube containing 
two metal plugs with a large number of small metalhc 
particles placed between them Wh^n electric ■oscilla- 
tions were passed through the coherer, the particles 
adhered together, and the resistance dropped To use 
the instrument for the continuous detection of groups 
of oscillations pioduced by operation of the hand key 
it was repeatedly tapped by a hammer like that of an 
electric bell This unit was called a decoherer 

With an instrument of this nature, Marconi re- 
ceived signals sent by electric waves over distances of 
several miles, and he found that the addition of an 
antenna system increased the range of his equipment 

The next major discovery in the field of wireless 
was due to Sir Oliver Lodge, who realized the im- 
portance of tuning the circuits to make them all reso- 
nate to the particular frequency of the oscillations which 
it was desired to send out He did this by adjustment 
of the size of the coils and condensers employed As a 
lesult of the improved sensitiveness thus attained, Mar- 


coni, m 1901 was able to detect signals in j^ewfound- 
land sent out from Cornwall, England. 

In England, spark transmission was improved by the 
intioduction of the Marconi rotating spark gap, which 
both decreased the rate of decay or damping of the 
oscillations and gave a musical note in the telephone 
receiver In Germany, the Telefunken Company de- 
veloped the quenched spark system, m which the same 
objects were achieved by means of a specially designed 
stationary spark gap 

By 1912 the Marconi Company was conductmg a 
commercial service between Clifden in Ireland and 
Glace Bay in Canada, and at the beginning of World 
War I a 300-kilowatt spark station had been com- 
pleted near Carnarvon for communication with the 
United States The development of radio communica- 
tion between ships at sea and between ships and shore 
was also far advanced, and the number of lives saved 
by wireless at sea was already large. 

Poulsen and Pedersen in Denmark developed to a 
considerable extent the Poulsen arc system of trans- 
mission, m which the aerial was connected to one side 
of an electric arc, the other side being connected to the 
earth The arc system was further developed m Ameri- 
ca by C F Elwell, and many of the high-power arcs 
were mstalled in stations in Europe In addition to the 
arc system, the design of high-frequency alternatmg 
current machines was earned to an efficient stage of 
development, especially by Latour in France and by 
Alexanderson and Goldschmidt in America These ma- 
chines were mstalled m many French and American 
high-power stations 

The sensitivity of the detectors of radio waves, the 
crystal and coherer, was very small and the search for 
a better instrument to convert the received energy 
efficiently led to the development of the vacuum tube 

EDISON EFFECT — In 1883 Thomas Edison, while con- 
ducting experiments with the incandescent lamp, noticed 
that if a second electrode m the form of a wire or plate 
was placed mside the lamp and this electrode made pos- 
itive with respect to one end of the filament, a small 
current flowed to this electrode when the filament was 
heated. This is called the Edison effect and is the basis 
of modem electronics 

Professor J A Fleming of England learned of the 
Edison effect, and about 1896 developed a two-element 
radio detector tube which became known as the Flem- 
ing valve About 1906, Dr Lee de Forest added a third 
electiode, called a grid, to the vacuum tube The vacuum 



Marking a mlleatone in electronics, the first X-ray picture made in the United States was^ produced with the 
tube at the left above. Compare this with the modem rotating-anode tube (righi) from MaeUette Laboratories 
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High-frequency heating, now Just coming into its own, 
was done 25 years ago with this Ajax-Northrup unit 


tube was improved by further study and experimenta- 
tion earned on by Dr Langmuir and other scientists, 
and today there are about 1000 types m use m our ra- 
dio and electronic equipment 

Mention must be made of the extremely successful 
experiments in radio-communication carried out by 
amateurs, which went a long way to show commercial 
engineers that possibilities were bemg overlooked m 
the short-wave region Just prior to World War I, 
amateur stations which had previously been allowed 
longer wavelengths were subjected to a degree of con- 
trol, and forced to rely solely on wavelengths below 200 
meters, then considered useless for serious purposes. 
After the most commendable persistance and endeavor, 
amateur signals were first received in England from 
America in 1921 on wavelengths slightly below 200 
meters, and by 1924 communication in both directions 
on shorter wavelengths and very low power had become 
frequent. It may be said that short-wave communication 
was both discovered and to some extent developed by 
those working essentially for the fun of it and for the 
advancement of science, without thought of immediate 
material gain. 

In 1916, David Samoff, then assistant traflSc manager 
of the Marconi Wireless Telegraph Company of Amer- 
ica, proposed a “radio music a memorandum to 

his boss: “I have in mind a plan of development which 
would make radio a household utility in the same sense 
as a piano or phonograph. The idea is to bring music 
into ^e house by wireless . . . For example, a radio 
telephone transmitter having a range of say 25 to 50 
n^es can be installed at a fixed point where instru- 
mental or vocal music or both are produced . . the 

receiver can be designed in die form of a simple Vadio 
music box’ and arranged for several different wave- 


lengths, which should be changeable with the throwing 
of a single switch or pressmg of a single button . . ^ 
The same principle can be extended to numerous other 
fields, as for example, receiving lectures at home which 
can be made perfectly audible; also, events of national 
importance can be simultaneously announced and re- 
ceived Baseball scores can be transmitted in the air 
by the use of one set installed at the Polo Grounds. The 
same would be true of other cities This proposition 
would be especially mteresting to farmers and others 
hving m outlying districts removed from cities By the 
purchase of a radio music box they could enjoy con- 
certs, lectures, music, recitals, and so forth which may 
be gomg on in the nearest city within their radius . . . 
Should this plan materiahze, it would seem reasonable 
to expect sales of 1,000,000 radio music boxes within a 
period of three years.” 

Today, as president of Radio Corporation of Ameri- 
ca, David Samolf sees his memo-dream fulfilled and 
expanded many times, with the vast potentialities of 
electronics swiftly unfolding from its nucleus of radio. 

Thirty years ago, De Forest’s three-electrode tube 
was applied as a repeater on the telephone wire cir- 
cuits connecting New York and San Francisco, making 
transcontinental telephony possible and practical In 
wire telephony and telegraphy, as well as m radio, elec- 
tronic applications provide a basic means from which 
successive developments are made to meet the com- 
munications needs of expanding industry and national 
activity 

Now, radiotelegraph circuits over distances m excess 
of 5000 miles operate at transmitting speeds of more 
than 500 words per minute Electronics has made pos- 
sible short-wave teletype circuits which reach prac- 
tically any part of the woild and radiophoto services in 
which pictures taken on the battlefields of Europe or in 
the Pacific are brought, within a few hours, to our 
daily newspapers Regular radiophone service is avail- 
able to the remotest sections of the globe, and radio- 
telegraph and telephone services even extend to ships 
and planes almost anywhere 

Radiograms are not broadcast in the sense that they 
can be picked up by the general public Diiective aer- 
ials project the transmitted energy toward the desired 
receiving terminal in the form of a concentrated beam, 
somewhat analogous to the beam of a searchhght High- 
speed automatic transmitters are used and the messages 
can be recorded only by special receiving apparatus 
Simultaneous transmission of two or more messages 
on a single radio channel — known as multiplexing — 
results m effective scrambling of the radio code mes- 
sage, which can be detected or unscrambled only by 
special synchronized equipment 

TELEVISION — In the early 1930’s there was developed 
m the laboratories of Radio Corporation of America 
an all-electronic television system that made use of 
Dr Vladimir K Zworykin’s iconoscope, a tube employ- 
ing electronic scanning to convert the light image into 
an electrical signal Development of this system con- 
tinued in the laboratories for several years, and in 1936 
was given field tests A hundred television receivers 
were built for installation in the homes of RCA en- 
gineers and executives, and a transmitter was installed 
in the tower of the Empire State Building. Hie tests 
were successful, and in 1939 limited commercial tele- 
vision broadcasting was authorized by the Federal 
Communications Commission. 

Other organizations were also conducting experiments 
dttring the above period, and there naturi^y^ arose 
some differences of opinion among engineers asT to t^- 
nical details such as the required number of scanning 
lines, systems of synchronization, and so on. 
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These differences were reconciled and standards es- 
itablished by a committee of engineers in 1941 The 
Commission adopted the committee recommendations 
and authorized commercial television broadcasting to 
start on July 1, 1941 Had it not been for the advent 
of the war, television would be well on its way as a 
national service 

RADAR — From radio and television came radar, used 
by static ground defenses and on warships to detect 
the approach of enemy aircraft and ships at night or 
through cloud cover, to determine the distance (range) 
to the enemies’ forces, and to provide data for anti- 
aircraft guns 

In the Battle of Britain, equivalent British radio lo- 
cators spotted German raideis long before they reached 
a taiget area, and thus gave the RAF and ground de- 
fenses time for preparation On a stormy night off 
Guadalcanal on May 31, 1943, one of our ships sank a 
Japanese battleship miles away with its second salvo, 
usmg only radar to direct the guns 

On December 7, 1941, the Army’s radar at Pearl 
Harbor, with Private Joseph L Lockard on duty, de- 
tected planes approaching, and located them about a 
half hour distant from the Hawaiian Islands His su- 
perior officer, knowing that a number of American 
planes were due fiom the mainland, took no action 
Although radar’s warning went unheeded, its signal 
summoned America to the most tremendous undertak- 
ing in its national history 

Like many electronic inventions, radai is attributed 
to no one mventor It draws upon many ladio devices 
and circuits, and therefore many scientists coiitributed 
to its development The basic principle of radar — radio 
reflection — is as old as radio itself, but it was not har- 
nessed until we had to find an anti-wai plane device 

When Hertz demonsti ated that electromagnetic waves 


could be 1 effected, he was far ahead of his time m 
radar But it remained for Tesla to recognize and to 
point out the practical application of the radio edho: 

have sent electrical vibrations toward the remote 
boundaries of the earth, and the earth has replied. In 
place of an echo I have obtained a stationary electrical 
wave — a wave reflected from afar. Stationary waves 
mean somethmg more than telegraphy without wires 
to any distance . . For instance, by their use we may 
determme the relative position or course of a moving 
object, such as a vessel at sea, the distance traversed 
by the same, or its speed” 

In the battle of Attu m Alaska, when our forces ar- 
rived and wanted to get men ashore in small boats, 
the weathei made visibility so bad that the water 
could not be seen from the deck of a ship The ships 
weie berthed and the men landed by the use of radar 
A ladar-controUed anti-aircraft searchhght, recently 
displayed by the Army Service Forces, synchronizes 
the beam of a powerful field searchlight with movements 
of the target The equipment requires thiee operators 
seated at a tent-covered control board on which are 
four circular cathode-ray screens The two large 
scieens or scopes indicate the location of the airplane 
and the two smaller scopes give the distance or range, 
in terms of spacmg between two bumps or pips m the 
pattern traced by the electron beam on the screen A 
highly mobile concave radai antenna is mounted atop 
the control board and is simultaneously aimed with 
the searchlight by means of hand wheels on the control 
boaid When both antenna and searchlight are on the 
target, the searchlight automatically goes on and its 
beam intercepts the all craft 
Other radai equipment lecently displayed includes 
an early model portable ladai warning set Its direc- 
tion-finding antenna consists of a laige number of small 
wile antenna arranged in a concave pattern to give 



Towers of the famous radio station at Arlington, Virginia, that played a vital part In World War I eommunieations 
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GLASS-TO-METAL SEALS 

The old problem of protecting vanous 
capacitor and resistor types against leaks 
and moisture is solved by a unique glass- 
to-metal seal pioneered and perfected by 
Sprague. Glass capacitor bushings ar^ 
sealed direct to the metal container and do not require 
adjacent metal rings with ''matched'* coefficients of 
expansion. On Sprague *KOOLOHM Resistors^ the 
units are encased in glass tubes which are sealed 
directly to the metal ends The resulting seals are leak 
proof, shock-proof, humidity-proof, and fungus-proof. 


A Step Ahead! 


HIGH-VOLTAGE 
HIGH-TEMPERATURE PROBLEMS 

SOLVED When you've got both high voltage and 
high temperature to contend with m a capacitor appli- 
cation-~>weli, ordinarily, you'd have a problem on your 


hands Once again, however, Sprague engineering sup 
plies |he answer. Although extremely compact, Sprague 
Capacitors impregnated with * VITAMIN Q operate 
satisfactorily at thousands of volts at ambients as high 
as 103 ** C. Leakage resistance at room temperature is 
20,000 megohms for one microfarad, or at least five times 
better than previous types! , 




i iv" 


by Sprogue i$ so 
regular engineering attention in 
effort to surpass for Tomorrow that which is 


bast” Today. 


SPRAGUE ELECTRIC COMPANY 


North Adaitif, Moss 


SPRAGUE 

PIONEERS OF RADIO- 
ELECTRONIC PROGRESS 




'^/toc200 


PERMITS 200^ C. CONTINUOUS 

OPERATION Many types of electrical 
equipment can now be designed for 200'' C. con* 
tinuous operation, thanks to the Sprague wartime 
development of *C£ROC 200, a flexible ceramic 
(inorganic) insulation for co(>per, nickel, andl 
other types of wire. Smaller aqulpment can be 
designed to do bigger jobs. '^CEROC 200 dis- 
sipates heat rapidly and has an extremely good 
space factor. You*U be hwiiig a lot about 
*C£ROC 200 in days to come! ^ 

^rrodamofki flag. U 5. Pel. Off. 
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beam action. With the control* in the portable set are 
two scopes, indicating the position of the plane m rela** 
tion to the set This instrument, now obsolete, was ci|- 
pable of locatmg a medium bomber up to 100 mit^s 
away 

Heavier radar anti-aircraft apparatus automatically 
controls gun range This, however, is a massive piece 
of field eqiupment The entire equipment, including the 
antenna structure and the three operators, moves as a 
umt and can be turned in all directions 

Revealed at last is the mystery of how Allied bombers 
have been able to drop their bombs accurately on in- 
visible taigets through the thickest clouds, smoke, or 
darkness The electromc device that does this is called 
“Mickey” and is a form of radar that allows an men to 
see on the screen of the scope distmctive outlines cor- 
respondmg clearly to landmarks far below A tiained 
operator watching the scope can readily distinguish 
the Ime between land and water, as required in the 
bombing of most large cities smce they have river or 
coastal frontage In ellect, Mickey gives a profile of 
the terrain below, and can be focused to get an in- 
creasingly sharper picture of limited areas such as an 
industrial area or even a specific buildmg 

On D-day in Normandy Mickey enabled bombers to 
find their beach targets through an overcast and also 
located landing places for air-bome troops in the dark- 
ness As in ladar, a signal is sent back by the invisible 
target like an echo and is translated electronically to 
an image that is a reproduction of the ground below 
Water shows up as dark patches, while buildings are 
hghtei patches having the same shape as the, actual 
structures on the giound 

Not all planes m a bombing mission need to carry 
radar, which is foitunate because the equipment is 
quite bulky and therefore reduces the bomb load One 
tactical proceduie involves using a pathfinder plane 
to locate the target by radar and drop on it one or more 
coldred smoke bombs that allow succeeding waves of 
planes to sight tlie smoke columns from as fai as five 
miles off and release their bombs over the target. 

The letters of the word “radai” spell the same for- 



Bell Telephone Laboretoties Installed thk Ajax in* 
dncUott furnace for experimental alloy work in 1919 
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Oourteay Westinghoute Electric Corporation 

A method of concentrating low-grade ores electronic- 
ally mav prove applicable to other concentration jobs 


ward and backward, with ra standing for radio, d for 
detection, a for and, and r for ranging The fact that 
ladar involves a backward reflecting echo is apparently 
just a coincidence with the reversible spelUng 
Although radio-controlled bombs are still in the 
fantastic -invention category as far as the general pub- 
lic IS concerned, the Army Seiwice Forces recently dis- 
played to the press a radio system that is capable of 
detonating mines at distances up to eight miles on land 
and up to 20 miles underwater When the mine is laid 
it is assigned a definite radio frequency of its own By 
means of a telephone dial attached to a ladio trans- 
mitter, the operator can dial a three-digit number coi- 
responding to that assigned to the mine to be set off 
Over 21,000 combmations of code pulses are available 
foi this radio detonator system 
Electronics was bom of research However, many of 
the more common electronic phenomena were discov- 
ered before there was a definite knowledge of the 
mechanisms involved X-rays, accidentally discovered 
at the end of the last century, were so named because 
Roentgen could not explain the action Electron emis- 
sions were discovered accidentally and independently 
by Edison and others Photoelectric effects were dis- 
coveied m 1887 when Hertz showed that ultra-violet 
light would lower the breakdown voltage of a spark 
gap, and it wasn’t until 1899 that J J Thomson iden- 
tified photoelectric emissions as electronic m character. 
Research brought radio, which is at one and the same 
time the forerunner of electronics and one of the major 
branches of electronics. 

INDUSTRIAL ELECTRON ICS--Just as electronics has 
revolutionized warfare, so has it affected industry. 

' Electron tubtes have brought a new meaning to the 
word ‘^automatic” in mechanical and electx^al opera- 
tions. No task IS too heavy, too fast, ot too precise for 
the electron tube. It opens doors, brings elevators to 
a level landing, operates timing devices, and rings 
alarms. It is for smoke, fume, and fire detection. 
As an electronic eye it analyzes, sorts, weighs, in- 
spects, and detects flaws as well sa foreign materiai; it 
counts hundreds of items from bau bearings and beans 
to packages and autoxnoblleSt^nMitches colors, gages 
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Wherever quick access is necessary on 
hinged or removable parts, the Dzus* spiral 
cam fastener is used. This strong, dependable, 
easy-to-operate fastener is quickly opened 
or closed in a quarter turn. 

Dzus fasteners were introduced over 12 
years ago and became widely used in the 
aviation industry for firmly holding engine 
cowls, accessory doors, plates and panels. 
Then other industries followed suit and 
adopted this type of fastener for various 
other fastening problems. 

If you have a fastening problem, send for 
our catalog today. There is a Dzus spiral cam 
fastener for every requirement. 

V 
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DZUS FASTENER CO., INC. 
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thickness of mateiials to a millionth of an inch, and 
marks time to the millionth of a second It measures 
humidity and atmospheric pressure, and controls tem- 
peratures It detects the presence of solids no human 
eye can see and gases no human nose can smell 

The capabilities of electronics for good or evil de- 
pend solely on the morals of those who employ them 
The tubes can hear, see, feel, taste, smell, remember, 
calculate, and talk They are the electronic brain not 
only of radio, but of industry By the use of the elec- 
tron tube, production is accelerated, power converted, 
work made more precise, safety enhanced, and ma- 
chinery and processes con ti oiled automatically, thus 
offering a wide new field for electronic engineering 
and electronic devices 

In electronic heating, one of the most promising in- 
dustiial developments, radio waves aie passed thiough 
objects such as wood, metal, and even foods and cloth 
to generate heat foi gluing, drying, case hardening, 
annealing, rivetmg, welding, melting of metals, deac- 
tivatmg enzymes, and sewing of special plastics fabrics 
In the processing of laminated wooden propellers elec- 
tronics sets the glue in minutes instead of hours re- 
quired by the steam process Large lubber wheels are 
cuied in 18 minutes by the electronic process while 
steam requires five hours In the textile industry, 
layon cakes are being dried uniformly in a matter of 
minutes compared with hours required by standaid 
heating methods 

Supersonics, the application of high-frequency 
sounds by means of electronic equipment, has import- 
ant possibihties in chemistry, metallurgy, miedicine, 
and other fields, such as separating water from crude 
oil by means of vibration Supersonic precipitation of 
dust and smoke and the purification of water are prom- 
ising Certain bacteria can be destioyed by intense vi- 
brations Degassmg of molten iron to prevent holes is 
another possibility, and studies are being made in aging 
whiskey and other alcoholic products by the high- 
intensity vibration treatment 

ORE SEPARATION —A new electronic ore separator 
developed by Westinghouse Research Laboratories has 
successfully refined ores of such metals as tin, iron, 
and gold The operating principle is much like that of 
the Westinghouse Precipitron that has been used foi 
many years to remove smoke, dust, and liquid particles 
from air Most promising results have been attained 
with low-grade ore samples from a recently developed 
tin deposit m a southern state By spraying electrical 
charges on this ore, which contained only one and one- 
half percent tin, the new Westinghouse device sepa- 
rated the metal from rock and sand, concentrating it 
into an ore containing approximately 70 percent tin — 
suitable for smelting 

The ore is ground to the fineness of sand, dried, and 
then poured into a trough at the top of the separator 
The particles of sand, rock, and tin tnckle onto a ro- 
tating metal drum, where they receive high-voltage 
electrical charges from a series of fine wires a short 
distance from the drum’s surface Since the tin par- 
ticles are good conductors ot Electricity, the elecixical 
charges seep through them and into the metal drum 
The tm particles then lose their charges before the 
drum has made more than one half turn and fall off the 
drum But the poorer conductmg sand and rock par- 
ticles retain their charges and clmg to the drum until 
pulled off — during the second half revolution — ^by a 
series of opposite charged wires. 

The electrostatic separator can soxi mixtures of any 
ttvo materials provid^ one component is a conductor 
of electricity and the other such a poor conductor that 
it is in effect an -insulator In addition to experiments 
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One of the first three-element vacuum tubes of the 
t>pe thift was invented by Dr. Ix*e de Forest in 1906 


with low-giade tm and othei ores, the machine may be 
used to separate foreign materials from giains, sepaiate 
stems from raisins, and purify many types of foods 

DAYS AHEAD — Today radio is no longer just crooners, 
baseball games, and music while you shave It is mo- 
bile police protection at all hours, weather observer, 
automatic pilot, instant communication foi fireboat 
and fire truck It is opera toi of remote powei stations, 
file fighter, and cradle watchei It has learned to seive 
as well as to amuse and educate Tomorrow when +he 
thunder and pain and preoccupation of war have passed, 
ladio — released from the manacles of static by fie- 
quency modulation (FM) and stripped of its blmdei« 
by television — will bung you the clear high note of the 
violm, the timber of the voice, and peihaps even the 
color of the umpire’s tie Electiomcs has m store for 
millions of homes of the future a radio perfoimance 
that as yet has not been a part of their experience 
Of electronics’ part in the war only a little has been 
revealed, but much will soon be written While wai 
With one hand withholds and obstructs peaceful scien- 
tific pi ogress, with the othei it actually pushes forwaid 
industrial research and application 
Under the lash of necessity, developments which 
might have taken years are compressed into months 
The woild will reap these fiuits of war, and they will 
not be bitter In the words of Prime Minister Winston 
Churchill “We may be astonished at the progress in 
efficiency we shall suddenly find displayed The 

ceaseless improvements in wireless and the wonders 
of radio-locators applied to the arts of peace will em- 
ploy the radio industry . With the modem methods 
of locomotion and the modem amusements of the cin- 
ema and wireless, to which will soon be added tele- 
vision, life m the country and on the land ought to 
compete m attractiveness with life in the great cities ’ 
Before the mvention of electronic tubes, electrical 
engineering was largely a science of wires and circuits 
We were concerned with the jars and bottles and pipes 
in which electricity was stored, through which it was 
distributed Now, with the electron tube, the engmeei 
can command electrons so that they will do his bidding 
For the first time he has command of electricity itself — 
not just of its mamfestations All that has gone before, 
important as it has been to our lives and fortunes, may 
well be only a preparation for a new and greater ad- 
venture in living 
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The Television Dream That Cables Make Possible 


T elevision — sign and symbol 
of the age to come — is one of 
the wonders that specially de- 
signed cable transmission makes 
practical. For the quality and 
fidelity of the transmitted image 
depend largely on how well the 
cables are engineered and manu- 
faaured, from tiny cables in the 
broadcasting mechamsm itself to 
the great coaxial cables Imking 
dty with city, making possible the 
television networks of the future 

Thus the "wireless age” as it de- 
velops will actually need more 
wires — and more complicated ca- 
bles — to achieve its realization! 
And in the solution of these 
problems, new and more com- 
plicatejd cables will be requited. 

Today, we will undertake to en- 
gineer and manufacture the radio 
and audio cable requirements of 



any government agency or private 
concern in war work. Moreover, 
we look forward to solving many 
of the most difficult cable tasks 
in peacetime — as we have in 
warame. The same laboratories, 
the same Yankee ingenuity that 
have helped to whip many of the 
difficulties involved in the com- 
munications requirements of our 
Army and Navy are prepared 
to function for industry — what- 
ever the problems of today and 
tomorrow. 


Why ANKOSEAL 

solves cable problems 

Ankoseal, a thermoplastic insu- 
lation, can help solve many elec- 
trical engineering problems, 
now and in the future Polyvinyl 
Ankoseal possesses notable 
flame-retarding and oil resisting 
characteristics; is highly resist- 
ant to acids, alkalies, sunlight, 
moisture, and most solvents 
Polyethylene Ankoseal is out- 
standing for Its low dielectric 
Joss in high-frequency transmis- 
sion. Both have many uses, par- 
ticularly in the radio and audio 
fields Ankoseal cables are the 
result of extensive laboratoiy re- 
search at Ansonia — the same 
laboratories apply engineerin 
technique in uie solution o 
cable problems of all types. 


THI ANSONIA SLICTRICAL COMPANY 

SpedaltxsHg m a l^irmopUsttc InsulaUon^^ 
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ANSONIA • CONNECTICUT 


A WMly-Ovuntd Subadury of 

CLCCTRIC CORPORATION 




Noma. 

GENERAL OFFICES • NEW VORK, N. Y. 

nuJeen of the famous Noma Lights— the neatest name ip decorative 
lighting. Now, manufacturers of fixed mica dielectric capacitors and other radio, radar 
and electronic equipment. 
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ENGINEERING Conducted by EDWIN LAIRD CADY 

It Pays To Listen 

Wire- Recording Equipment and Other Electronic Instruments are 
Giving New Ears to Foctory Men. New Accuracies in Machine and 
Process Industries, Mode Possible by Studying ond Comparing Noises, 
Are Speeding Production, Improving Quolity, and Cutting Costs 


O NI of the latest tricks In in- 
dustry is to install a micro- 
phone beside a large press which is 
just being set up The microphone 
is connected to an instrument which 
records on a moving Wire every 
noise the press makes when m op- 
eration. 

The reason for all this is as old 
as the world of machmery and as 
simple as the whettmg of a scythe 
There is a characteristic noise pe- 
culiar to each machine which is 
workmg at its best Tmy differences 
in machine and die settmgs will 
make soimds which betray them 
Let those differences go imdetected 
and the dies may fail many hours 
or even days before they would if 
perfectly set up And die failures 
mean days of down time for the 
press while new or spare dies are 
installed — ^the wait is longer if there 


is only one set of dies which must 
be repaired before setting up the 
machine again. 

Once the machine has recorded 
its present noises on the wire, that 
wire is taken to a quiet room and 
played back throu^ a standard 
radio amplifier and loudspeaker Re- 
corded on another portion of the 
same wire is the noise which the 
machine made on the set-up which 
resulted in the longest die Iffe. The 
two are compared and the new set- 
up is corrected until the machme 
makes very nearly the same noise 
as it did with its most successful set- 
up 

Side by side with this noise m- 
spection goes the usual microscopic 
inspection of the surfaces of the 
finished steel parts made on the 
press The metallurgical laboratory 
still checks up the effects of the 


drawing operation on the grain 
structure of the steel parts The 
comparison of the noises made by 
the press is just one more refine- 
jnent of a highly exact setting-up 
process The whole process results 
m longer lives for dies, higher over- 
all operating rate of the press, more 
work done per operating month, 
better surface finishes on more ac- 
curate finished parts 

Sooner or later, of course, a more 
successful set-up than the 
known” one will be obtained Then 
the standard set-up noises will be 
wiped off the wire and the new 
standard substituted. The whole 
noise-recordmg process is magnetic 
and the wire is not cut or marred 
by it Hence the same wire can be 
wiped off magnetically and used for 
new recordings thousands of times 

The wire recording and repeatmg 
device is an electronic instrument 
It is one of the means of givmg his 
ears back to the factory supervisor, 
a process in which many mstruments 
must serve 

The old-fashioned factory man 
had little need for such instruments 
All around him milling machines 
moaned, shapers grunted, electric 
motors whined, heavily laden rough- 
toothed gears roared, belts squealed 
when bemg shifted, tumblmg barrels 
rattled, saws sang, presses pounded 
And to him every noise had a defi- 
mte note, a definite meaning which 
could be interpreted Although he 
might seem a little deaf when con- 
versmg in a quiet room, once he 
entered his factory he became a 
Stokowski and the machines were 
his symphony At the slightest sour 
note he made corrections. 

CHARACTERISTIC SILENCES - 
Quietness entered factories slowly* 
l^e first of it came from the hi^er 
accuracies of high-speed machinery. 
A high RPM centrifugal pump can- 
not be allowed to make Ae pound- 



OdoMT 0«i«na SMtrle Oompuir 

As ediuftobit-voltaes drivt with tbctronk control of eccolorotion it Instollfd 
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Mognetic wire recorders, first brought 
into wide use for militory needs, ar« 
finding mony industriol applicotions 


mg noises of the much larger but 
slower reciprocatmg ones, it soon 
would poimd itself to pieces if it had 
any parts loose or lU-fittmg enough 
to produce such noises Ball bearings 
seldom can keep their high accura- 
cies on poorly balanced, noisy equip- 
ment, motors which whine are 
hkely to wear out quickly under 
heavy loads at high speeds, any 
machine tool which moans or grunts 
is wearmg out its tools and bear- 
mgs too fast as well as leaving 
chatter patterns on the finished 
work, gears that roar cannot carry 
modern high-speed heavy loads 
withm the small spaces now alloted 
to gearing Modem machmes, in- 
stead of havmg characteristic noises, 
have characteristic silences 

Guarding and shielding brought 
more silence Modem high-speed 
parts cannot be left unshielded 
They are too dangerous, their lubri- 
cant will be thrown too fast and 
far, their delicate accuracies will be 
damaged by dirt unless they are 
enclosed 

The first guards actually increased 
the factory noises, they acted like 
drums But modem guards have 
stopped ail that, they stop noises 
and dampen vibrations 

Silence for its own sake came 
later Managements noticed that 
heavy, noisy, slow-actmg machines 
slowed down the working paces of 
men The operators kept time to 
those machmes as if marching to 
music Other managements foimd 
that a prolonged noise also slowed 
down the men and promoted ac- 
cidents. 

Vibration absorbing pads, some of 
them four feet thick, were put be- 
neath heavy presses. They reduced 
repair bills and increased the quality 
of the work as well as reduced the 
noise for the sake of nearby person- 
nel. Floors, walls, and ceilings were 
made noise absorbent Noisy ma- 
chines and departments were en- 


closed. Soon, many a busy factory 
became as quiet as a hospitaL 
But while al| this was going on 
the factory man began to miss his 
tell-tale noises. He had to have them 
back, and in sharper, more de^itely 
identifiable forms. 

INSTRUMENTS THE ANSWER- 

The production manager of a plas- 
tics factory had been accustomed 
to listening to his old-style steam 


traps every day If the traps were 
working then he was getting wet 
steam but no free water at his 
moulding dies If they were not 
working, it meant production 
troubles plus rusting of pipes and of 
die mteriors 

New and more efficient traps did 
not make any noises that he could 
hear with his naked ear A physi- 
cian’s stethoscope helped some, but 
brought wisecrackmg comments 
from the employees The final 
answer was a portable microphone 
which amplified the noises so high- 
ly that any of his well-trained as- 
sistants can use it., His steam traps 
used to be one of nis daily worries, 
now he has dismissed them from 
his mind. 

The highly skilled tool maker 
who grinds small broaches to ac- 
curacies of one hundred thousandths 
of an inch, complain^ that vibra- 
tions in the tool room were spoiling 
his work 

His machine was moved to a 
vibratior^-free room Still his 
troubles contmued. 

Then it was found that what he 


needed was not less noise but more 
of more identifiable noise. His vi- 
bration-free room was completely 
sound proofed so there would be no 
reverberations from the floor. Walls, 
or ceilmg. Then an electrical noise 
magnifying instrument was attached 
to the tail stock of the grinding 
lathe Now the noise of his machme 
tells him when he is likely to run 
into trouble even before such 
trouble is shown up by his highest 


accuracy dial gages and tool maker’s 
microscope 

Super-accurate gearmg needed 
noise amplification in the mspection 
room Gear teeth were being fin- 
ished to the highest obtainable ac- 
curacies and with surfaces smooth 
withm eight milhonths of an inch- 
some had been made smooth with- 
m one milhonth of an inch but it 
was found that lubrication would not 
work correctly on such smooth sur- 
faces Even with all this accuracy 
it was foimd that some trains of 
gears would fail for lack of ac- 
curacy while others would not 

Wilii instruments which depend 
upon light waves and upon contact 
doing all they could to find inac- 
curacies which caused the failures, 
some other testing means had to be 
tried. 

A noise testmg machme was de- 
vised. Characteristic noises of the* 
running trains of gears quickly iso- 
lated the edge squeal which indi- 
cated that the leading edges of teeth 
were givmg trouble, the "knocks 
from the impacts of irregular teeth, 
the rattles from variations of helix 



OourtMy Weitem Sl«otric Company 

An electronic "stethoscope’’ being used to test refrigerotor units This device 
produce! a permanent charted record of the tound level ot eoch frequency polled 
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angles, the whines and squeals and 
other noises of strut or wedging ac* 
tion and of tip interference, the 
rattles from inaccurate bearings. 
But strangely enou^ it was found 
that many noises came from teeth 
which were as accurate as human 
means could make them but whose 
inaccuracies nevertheless combined 
with each other to produce bad 
running conditions. Consequently it 
was decided that, m spite of highest 
accuracies in cuttmg the gears, it 
would be necessary to devise some 
method of selective assembly of 
gear trains so as to combme gears 
whose inaccuracies would offset each 
other rather than act cumulatively. 

Quiet gear trains have the longest 
lives tmder the severest loads at the 
highest speeds, and they need little 
or no breaking in or runmng m 
Noisy trains fail quickly— but it 
takes a specially designed machine 
to hear any noise at all 
In this technique the gear makers 
are simply borrowing an old prac- 
tice of the ball bearmgs industry 
After ball bearings have been made 
as accurate as machinery and test- 
ing can make them, noise testmg 
will find defective ones. Take a noisy 
bearing apart, and only very rarely 
can instruments measure the inac- 
curacy which caused the noise Re- 
assemble these parts with others to 
make new bearings and the minute 
inaccuracies — measurable only m 
millionths of an inch if measurable 
at all — ^may so balance each other 
that the bearings will be quiet And 
yet the noisy brings on the test- 
ing machine sounded like a flat 
wheeled freight train going at hi^ 
speed over a loose trestle wMle the 
quiet bearings made only slight 
swishing soimds 

THEY KNOW BY NOISE-Quite 
different from these testings for 
highest accuracies are some of the 
noise detection methods in use m 
process industries. One fermentation 
vat, for example, used to be open at 
the top and its contents were al- 
lowed to assume whatever tempera- 
ture the process produced. In those 
days it was easy for skilled men to 
listen to the noises made by bubbles 
of gas rising to the surface and to 
judge by this whether ov^not the 
vat contents should be stilted.^ 

Now the vat Is totally enclosed, 
and its temperature is carefully 
regulated to control the rate of fer- 
mentation Analysis of the gasses 
given off can tell a great deal about 
the progress of the fermentation 
But noise is still the final test 
Differing from the old practice 
of having a trained man cUmb to 
the top of the vat and listen atten- 
tively for dehcate nuances in the 



Electronically operotod, this Gtnerol 
Electric protila soge is utod with o 
Follows involMto meosuring mochino to 
rtcord on o poper chort inoccurocios 
In gear tooth os minuto as 0001 inch 

noises, the modem electrical micro- 
phones make the rising gas bubbles 
soimd like the roar of Niagara— the 
instrument brings out enough noise 
so the state of the process is easy 
for ordinarily trained ears to detect 
Judging the exact time that ma- 

BUCKLID PLATES 

Preyenfed by Applying More 
Heat for Shorter Time 

A RAPIDLY advancmg techmque in 
arc weldmg is to use larger elec- 
trodes on steel plates and other thin 
sections and thus apply more total 
weldmg heat but apply it to any one 
section for a shorter length of time. 

The purpose is to prevent buck- 
ling of the thin sections. And the 
technique contradicts a time-hon- 
ored theory that the greater the 
total heat the greater the buckling 
Evidently, buckling is promoted 
more by giving heat time to build 
up so that there are large bodies 
of hot and expanded metal which 
later must cool and shrink than by 
applying more heat in a shorter 
time and thus heatmg smaller areas 
of metal to temperatures high 
enough to cause trouble. 

PLANT LAYOUTS 

Easily Made With 
Scale Models 

T RB CLASSIC method for making 
plant layouts is to draw scale Va- 
grams of floor spaces, make card- 
board pieces representing the ma- 
chines and equipment reduced to 
the same scale as the floor plan, 
and, after moving the pieces about 
on the diagram until a satisfactory 


tenals should remain in processing 
barrels used to be a matter of in- 
stinct and guesswork. Now instru- 
ments magi^ the noises made by 
the cascad^ materials and tdl the 
whole story. Noise detectors will 
warn of the presmKie of sli^tly wet 
steam in turbines intended only for 
dry steam— the wet steam erodes 
the blading if not corrected. 

Strangely enough, noise detectors 
also are used to tell when there is 
too much quiet. In a battery of in- 
ter-connected Diesel engmes, for 
example, one engme can cut out 
but continue to revolve and to run 
fuel through its cylinders until its 
lowered temperature tells the story. 
But a noise-detectmg instrument m 
the room will instantly react to the 
changed level in the total volume 
of sound, and the engineer can find 
out which engine is wrong long be- 
fore its temperature drops appre- 
ciably. 

These contributions of electromcs 
to mdustry are certain to mcrease 
m value There can be no point in 
reducmg plant lightmg; therefore 
the engineer will always have his 
eyes And as the noise level is re- 
duced, electrical instruments give 
him back his ears 



A WeihnghQust model plonf layout 


arrangement is found, reduce the 
final layout to a blue print. 

A newer method calls for makmg 
scale models of the machines, the 
conveyors, and other equipment 
These provide a much better mental 
picture of how the new plant will 
look and how the production Ime' 
will be coordinated. And, once prop- 
erly placed, the models can be pho- 
tographed to give the installation 
men clearer conceptions of what is 
wanted than can be had by read- 
ing blue prints 

With plant changes as frequent as 
they are today, the models also 
serve t6 show how rearrangements 
will look, and ho^ new products 
can best be a^ommodated on pres- 
sent production lines. 
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In an Army tank a GUNNER fires 
with deadly accuracy — while charging 
across rough terrain — because of a 
gun stabilizer, officially recognized as* 
one outstanding advantage of our tanks 
over those of the enemy, 

. . . the name on the GUN STABILIZER ts IVestinghouse* 


In a steel mill an ENGINEER uses an 
induction heater to fuse a mirror-like surface 
on dull electrolytic tin plate — helping to 
conserve two-thirds of our war-scarce 
tin supply. 

. . the namt on the INDUCTION HEATER ts Hesttnghoute 


In a laboratory a SCIENTIST uses a micro- 
balance to weigh a single layer of oxygen atoms, 
1 /50,000,000th ounce, to determine the corrosion 
resistance of special alloys at high temperatures. 

. the name on the MICRO~BA LANCE ts JVesttnghouse 


In a bomber a BOMBARDIER “pin-points” 
his target with an American bombsight — 
controlled by a gyroscope which is driven by 
an electric motor, balanced to 1/ 10,000th ounce. 

. . the name on the ELECTRIC MOTOR ts Westinghouse^ 

TODAY - Westinghouse is producing vital war equipment 
and weapons, many of which must rertiain secret until 
after final Victory. 

TOMORROW -These wartime developments will be 
turned to peaceful uses ~ products for industry and the 
home, backed by Westinghouse research, cngipeering, and 
precision manufacture 

Tune in - JOHN CHARLES THOMAS-^Sunday 2 30 pm, NBC • TED MALONE-^Mon thru FfL, 11 45 am, EfVT, Blue Network 
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PUSTtCS 


Conducted by CHARLES A. BRESKIN 


Better Plastics Heating 

In Wood FobricoHon ond in Proporing Plosticf Motoriols for Molding^ 
High Froquoncy Hooting is Will into the Development Stoge. The Suc- 
cess that Has Been Attoined Bids Fair to Influence Fovorobly The 
Ropid Production of Even Large ond Complicated Plastics Ports 


H iQH->rRiQUiNCY heating U now 
being used to an ever increas- 
ing extent as a means of preheating 
plastics molding materials and of 
accelerating cunng of synthetic 
resins used as adhesives in wood 
fabrication For this latter purpose, 
high-frequency power has proved 
to be remarkably useful For ex- 
ample, it is responsible for the rec- 
ord of one company m turning out 
cargo-carrying glider parts at a 
continuously increasing rate with 
an ever decreasing cost to the Gov- 
ernment. In this instance the elec- 
tronic device was originally intended 
to facilitate gluing of laminated parts 
for grand pianos However, when all 
piano manufacture ceased by order 
of the War Production Board in 
May 1M2, only the fashioning of 
various new jigs and fixtures was 
necessary to convert the high-fre- 
quency umt to work on resin- 
bonded aircraft parts 
Experience in the wood fabricat- 
ing field has indicated that the loca- 
tion and arrangement of the elec- 
trodes has a vital effect on the ability 
of the high-frequency machine to 
transmit the power through the sys- 
tem of electrodes and on the likeli- 
hood of the work absorbing this 
power uniformly and utilizing it as 
heat. The three established methods 
of Introducing high-frequency heat 
to a glue l^ie or to a mass of mate- 
rial are known as perpendicular, 
parallel, and stray field heating. 

Perpendicular heating is referred 
to when the gltie Bnes or planes are 
perpendicular to the flectrostatic 
field and parallel to the electrodes 
The gluing of veneers in Ae manu- 
facture of plywood or the gluing of 
laminations to form curved sections 
such as wing bows are considered 
as being treated by perpendicular 
heating. The preheating of plastics 
materials before molding, to be con- 
sidered in more detail later on, is 


also done by perpendicular heating 
Parallel heating requires that the 
plane of the glue Ime be parallel to 
the electrostatic field and perpen- 
dicular to the electrodes This meth- 
od is considerably more efiicient 
than perpendicular heating since the 
power is absorbed almost entirely 
by the glue line rather than by the 
wood itself For example, where 
wing spars are being made of sev- 
eral laminations that are a half- 
inch or more m thickness, the power 
required to set the glue m perpen- 



Uif of 0 fivs-kilowott higk-froqiioncy 
oKillotor to proheot preforms not 
only increosod production but low- 
ered worpogo in molding this pheno- 
lic port used In on eleetricol os- 
sembly for feothering propellers 

dicular heating would be beyond 
the range of the ordmary machine 
of 15 kilowatts or less However, if 
the electrodes are located so that 
only the glue lines are treated— that 
IS, by parallel heatmg— the power 
and time requirements are reduced 
enormously. ^ , 

Stray fietd^ Keating offers the 
' greatest pofirfE^ties but is the most 
compliogted of the three methods. 
In this case advantage is takmi of 
the fact that the electrostatic field 
set up by two adjacent conductors 
or electrodes, usually in the form of 


tubing or rod, does not travel on a 
straight line between these con- 
ductors. The field spreads out or 
widens as it leaves one electrode 
and finally converges as it reaches 
the other Thus it is possible to 
reach glue lines and surfaces that 
are not directly m line with the 
electrodes but are a definite distance 
above or below them 

NOT A CURE-ALL-In the field of 
wood fabrication as well as in that 
of preheating molding materials, 
high frequency has certain short- 
comings It is not a cure-all Where 
the section to be heated is very 
thin, a steam plate or electrical re- 
sistance grid usually is more de- 
sirable High frequency should be 
used in objects where the physical 
dimensions do not allow for uniform 
distribution of ordinary heat Con- 
ventional heating methods are defi- 
nitely not satisfactory where the 
depth of heat penetration is more 
than % or % inch 
The most important use of the 
high-frequency machme in the 
wood-working mdustry is to speed 
production And this it has done by 
drastically reduemg the time re- 
quired to cure a glue joint— cutting 
it from four to six hours to a matter 
of seconds or imnutes 
Preheating of molding materials 
prior to the pressing operation is 
not new. Through such heatmg it 
has been possible to Improve the 
flow of material to the mold, accel- 
erate the closmg of the mold and 
the curing of the piece, and reduce 
closing pressures However, al- 
though many advantages have been 
obtamed by this method, the fact 
remains that moldmg materials, be- 
mg insulators, resist heat absorption 
Because of this, a preform which is 
heated without benefit of high fre- 
quency is much hotter at the out- 
side surface than it is at the core. 
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At Itfr It a molded block of woodflour-filled phenolic mofenal which wot cored in 
one hour ot 320 degrees, Fohrenheit o pressure of 2100 pounds per squore inch. 
Mode of Hie some moteriol end molded ot the some heot ond pressure, the block ot 
the right, six inches by six inches by two inches, wot cured heotronicelfy in five minutes 


In fact, the matenal may be rela- 
tively cool at its core when the 
outer surface has become crusted 

PREHEATING PROCESSES — One 

common means for preheating is 
the double steam plate in which a 
layer of preforms is placed between 
the upper and lower plate. Another 
meth^ employs an oven with shelf 
arrangement With this setup, either 
preforms on trays or bulk powder 
in pans can be heated These meth- 
ods have been used for years and, 
no doubt, always will be used But 
in principle they are resisted by 
the materials themselves 

In contrast, the development of 
radio frequency for preheating has, 
for the first time, given the mold- 
ing industry a method whereby a 
charge of material can be heated 
nearly uniform throughout its mass 
in a very small fraction of the time 
previously consumed Of particular 
importance is the fact that when a 
preform is heated m this manner 
the heat is generated imiformly 
throughout the material, irrespective 
of size And the rate at which this 
heat is developed is directly propor- 
tional to the power mput This 
means that the heat conductivity 
of molding materials, precludmg 
size and weight as limitmg factors, 
no longer has to be considered 
Thus, theoretically, any quantity or 
weight of thermosetting molding 
material can be heated to molding 
temperature 

With minor modifications, the 
heatronic process is applicable to 
the molding of a variety of plas- 
tic materials Thus, thermoplastics 
may be molded with considerable 
advantage by compression Brake- 
lining materials have also been 
heated and molded satisfactorily 
from preforms and powder If cer- 
tain precautions are taken — espe- 
cially as to rate of heating— mate- 
nals which are partially conducting 
and materials containing conducting 
particles can be heated in this man- 
ner and molded Colored and 
mottled materials aS well as black 
and brown phenolic compounds will 
mold satisfactorily when heated by 
high frequency. ]^perience has in- 


dicated that, generally speaking, 
the slower curing materials are 
preferable for thick sections and for 
moldings requiring exceptional flow 
Although urea and melamme are 
more critical in this respect than 
phenolics, they have been molded 
by the heatronic process with con- 
siderable success 

METHODS OF APPLICATION - 

There are a rumber of methods of 
adapting this heating techmque to 
present-day molding A simple yet 
effective system consists m heatmg 
the preformed material to moldmg 
temperature in the electrostatic field 
which is set up outside the molding 
press After heating, the material 
IS quickly transferred to the mold 
or transfer pot, and the press is 
closed rapidly so that the desired 
flow is obtained pnor to hardening 
This transfer of the preheated ma- 
tenal may be manual or automatic 
Such an arrangement can be 
varied m a number of ways In 
transfer molding, , the electrostatic 
field may be created over the mold 
and the heated material allowed to 
drop into the ihold or be forced in 
by the mold plungers In the case 


of a horizontal ram in the transfer 
mold the electrostatic heating plates 
may be mounted between the ram 
and the mold.. Here use would be 
made of the ram to force the heated 
matenal mto the mold. 

The size of the high-firequency 
heating equipment depends upon the 
size of the job to be done. In the 
past year new designs have been 
engineered to meet efficiently the 
specific needs of the plastics indus- 
try, extreme simplicity and ease of 
operation being the keynotes Keep- 
ing in mind the fapt that preforms 
differ markedly in size and shape, 
provision has been made in some 
of these units for changes in the size 
of the electrodes. And safety devices 
have been featured throughout 

The advantages of preheating are 
numerous Briefly they may be sum- 
marized as follows, precise control 
of preheating; shortenmg of the 
preheating time, much lower mold- 
ing pressures; less mold distortion 
and damage, simpler molding cycles; 
fewer contraptions at the press, 
simplified material loading; less 
material handling, slightly less load- 
ing weight; lower plasticity re- 
quired; less warpage experienced, 
no “weld” lines, minimized internal 
stress m the molded piece; uniform 
density of the part, thoroughly 
cured molded piece, generally im- 
proved properties; more pieces per 
press and per man-hour; much faster 
cure 

'IMPOSSIBLE" JOBS-Just what 
these advantages mean is perhaps 
best explained by citing a few 
of the seemmgly impossible jobs 
that were successfully molded 
through the use of high-frequency 



Oomrttiif JoMiSs BuMmx 

To obtain moxlmnm rowitt from a bigh-froqiioncy oKlIlotor, ono compony hot ongi- 
noorotf 0 eonvoyor tytfom for tho ipoody trontftr of prohoofod formt to tho prosiot 
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OourtMT BftkeUU Ootporatlon 
Mod# of phenolic moteriol. Hie pre- 
form ot left wos electronicolly heoted 
to 300 degrees, Tohrenheit, in 30 
seconds ond molded in 45 seconds ot 
320 degrees to form the hondle for 
0 coffee moker pictured on the right 

heat There is, for example, the 
phenolic head of a chemical pot- 
feed device in a water purifying 
unit. In producing this head part— 
a fairly large part weighmg ap- 
proximately 1 pound 6% ounces and 
measuring about 5 by 5 by 2 inches 
— the molder wanted to make siu‘e 
that there would be no leakage be- 
tween canals molded in the head and 
that no cracking would take place 
in the part under extreme tempera- 
ture changes Before the molder 
adopted high-frequency heating, at 
no time was he able to produce a 
head that did not have porous in- 
ternal sections which resulted in 
leakage between the canals. How- 
ever, the uniform preheating of the 
material by high-frequency pro- 
duced complete uniformity of the 
molded part with no indication of 
any porosity or internal strains 
An even more difficult molding 
problem satisfactorily solved through 
the use of high-frequency heating 
was an aircraft engine ignition dis- 
tributor head molded from asbestos- 
filled melamine compound The dif- 
ficulty lay in a combination of cir- 
cumstances* The low thermal con- 
ductivity of the compound, the size 
of the part, the close nesting of a 
large number of pins, «and the com- 
plex arrangement of 17 inserts. To 
secure proper flow from the trans- 
fer chamber into every section of 
the mold, the 2%-pound preformed 
plastics was preheated to 250 de- 
grees, Fahrenheit, before it was 
placed in the loading well Only by 
a rapid, uniform heat could such 
a mass be heated to the center 
without overheating the 8\u:iace at 
the same time. If the core were 
underheated, the material could not 
be made to flow into the cavity 
without the use of such great pres- 
sures that pins would be broken or 
bent and inserts sheared off or moved 
out of portion. If the surface of 
the preforms were overheated in an 
attempt to soften the core, the com- 
pound would begip. to set— with 


equally disastrous results. Before 
the installation of high-frequency 
equipment, the rejects often ran as 
high as 30 to 50 percent of the day’s 
output However, once hi|d^-fre* 
quency was adopted for the heat** 
mg of the preforms, this percentage 
dropped below 5 percent. 

High-frequency heating as ap- 
plied to the plastics industry is well 
into the development stage; the 
work that has thus far been accom- 
plished with its help in this field 
IS indicative of how research and 
development can influence and 
change the course of business. 


• # # 


VENTILATING DUCTS 

Mode of Steel Springs and 

Plastics Treated Fabric 

F RESH clean air is assured con- 
struction men working in such en- 
closed spaces as the holds of ships 
by portable “Ventube” flexible ven- 
tilating ducts developed by £ I du 
Pont de Nemours and Company, 
Inc Designed for either blower or 
exhaust systems, the imit consists 
of a tempered steel helical spring 
inside a tube of specially selected 
fabric which has been impregnated 
and coated with a high-grade abra- 
sion-resistant plastics compound 
that is water-resistant and imper- 
meable to air When bent to an 
angle of 180 degrees, the new Ven- 
tube will exhaust more air than 
the old-style tubing, and, in addi- 
tion, it weighs only half as much 
as an equivalent length and di- 
ameter of the earlier types 

BETTER HEELS 

Result from Improved 

Plastics Injection Method 

As A RESULT of a new development 
in injection molding, the wooden 
heel cores of women’s shoes can 
now automatically be given an even- 
ly distributed coating of cellulose 
acetate approximately 1/16 inch 
thick The new plastics-covered 
heels, which are said to have wear- 
ing qualities far exceeding those of 
any other shoe, will not scratch or 
scuff, nor will the coatmg wear off, 
split, or pecL The latter character- 
istic can be attributed to the fact 
that the plastics is slightly impreg- 
nated into the wood under the pres- 
sure of injection. There is no seam, 
and the process, which was devel- 
oped by Percies Brothers, can be 
uised for any size, shape, or style. 

According to the results of re- 


peated tests, the coating is not af- 
fected by temperature changes or 
by the acticHi of any elements. The 
heels can be made in either dull or 
ghesy JinUh in practically every 
color 

In previous attempts to mold a 
plastics shell or coating around a 
diaped wooden core, difficulties 
were encoimtered, due mainly to the 
high pressure employed in the in- 
jection process With the wooden 
forms supported in the mold by 



Ploiticf covered wooden keels 


pins extendmg into opposed ends 
of the core, the pressure of the 
molten plastics material entermg the 
mold by the usual direct feeding 
methods shifts the core on the sup- 
porting pins This movement often 
results hn unequal application of 
the coatmg material to the core 

To overcome this difficulty, a new 
type of gating was adopted It is es- 
sentially a modification of a ring 
gate The spaced indirect feeding ar- 
rangement made possible by this 
gating provides for simultaneous 
and uniform flow of the cellulose 
acetate, under similar pressure con- 
ditions, all about the core Conse- 
quently, ^there is no tendency of 
the core to be shifted, and the coat- 
mg is uniform throus^out 

COLORED CONNECTORS 

Insure Safety in 

Electrical Installations 

F OR EASE of installation and to sim- 
plify replacement work and trouble- 
shooting, H B. Sherman Manufac- 
turing Company has adopted red 
plastics fixture connectors for use 
on current-carrymg wires and white 
plastics connectors for grounded 
wires. This color code also lessens 
the danger of accidents. Detroit 
Macoid Company molds the fixtures 
from Vinylite because of its non- 
flammability, hx^ t^ile strength, 
moisture rekstimce, and electrical 
resistivity 
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LOOKS LIKE A LONG HARD GRIND AHEAD 

Grinding wheels bonded with Durez resin possess the 
durability, strength, and accurate grinding power so neces- 
sary for efficient production Relatively simple to produce, 
Durez-resin-bonded grinding wheels are typical of the 
many — almost limitless — applications which Durez bond- 
ing resins have made available to the progressive man- 
ufacturer with an eye on post-victory markets 


OIL SOLUtLF RESINS 


The rigid requirements for arc resistance, dielectric 
strength, and heat resistance which the modern distributor 
cap must pass call for a plastic compound of unusual ver- 
satility Naturally, this means that the automotive distrib- 
utor cap manufacturer looks to the phendlics because 
these are the most versatile of all plastics and when 
he looks to the phenolics he looks to Durez — specialists 
in this field for the past quarter century In addition to 
the electrical and heat resistant properties which a plastic 
compound for a distributor cap must have, the Durez 
phenolic molding compound selected for this job possesses 
such characteristics as good moldability, moisture resist- 
ance, and low shrinkage You will find the versatility of 
the more than 300 Durez phenolic molding compounds 
IS the natural starting point for selecting a plastic material 
that fits your job. 


• Versatility is a much misused word 
and, especially when referring to the 
properties of plastics, deserves elabor- 
ation. When we say that Durez phen- 
olic resins and molding compounds 
are versatile, we mean that they pos- 
sess a wide range of highly desirable 
properties such as highest dimensional 
stability under all types of climatic 
conditions, chemical resistance, impact 
strength^at resistance, di^rsity of 
finishes, Hfelectric strength, and niois- 



THE NEXT BEST THING TO THE * 
FOUNTAIN OF YOUTH 

Durez resins impart to aluminum paints the brilliance, 
gloss, and durability that make them amazing life pio- 
longers for such items as petroleum storage tanks A my- 
riad of wartime developed (and proved) applications for 
Durez resins in the protective coatings field opens new 
honzons for the alert manufacturer 



ture resistance But there is even more 
to it than this — for when you add to 
the product versatility of Durez plas- 
tics the many new molding methods 
and processes developed by your cus- 
tom molder and the tremendous ad- 
vances made with Durez resms m the 
impregnating, bonding, and coating 
field, you can readily understand the 
tremendous scope that is now available 


to the imaginative design engineer The 
benefits which the wide experience of 
Durez technicians and the Vealth of 
data available in our files can offer 
arc available at all times towards the 
successful solution of any plastic ma- 
terial problem which you may have. 
Durez Plastics & Chemicals, Jnc., 527 
Walck Road, North Tonawanda, N. Y. 


PLASTICS THAT PIT THI JOB 
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AVIATION 


Conduced by ALEXANDER KLEAAIN 


Control In The Air 


T he science of electronics is high- 
ly complex, yet the prmciples 
underlying most aircraft electronic 
installations are relatively simple 


Electronics Has Brought to Aviation o Versatile Means of Controlling 
Many of the Airplane's Essential Mechanical Components. Increosed 
Engine Efficiency, Reduced Pilot Fatigue, and Greater Safety are 
Some of the Worthwhile Results thot Have so Far Been Obtained 


The heart of every installation is the 
amplifier circuit which, with elec- 
tronic tubes, boosts a very small 
amoimt of electric power to usable 
proportions. 

Oft the many methods of creatmg 
the initial impulses m an electronic 
control system, it will be sufficient 
to say that fiiey can be created 
by moving a coil in a magnetic field, 
or by changing the intensity of a 
magnetic field near a coil, by chang- 
ing the capacity of a condenser, by 
varymg resistance m one branch of 
an electnc circuit, by photoelectric 
action, by employing the varymg 
electrical resistance of materials at 
different temperatures, by actually 
breaking or closmg an electric cir- 
cuit, and so on 

REGULATING SUPERCHARGERS - 

One of the most important adjuncts 
to the mihtary and commercial air- 
plane is the turbo supercharger, in- 
dispensable to flight at great alti- 
tudes because it raises the rarified 
air to a pressure at the carburetor 
inlet almost equal to that at sea 
level. When* the pilot has to control 
the action of the supercharger, he 
adds greatly to his already complex 
duties; hence such an automatic 
electromc control as developed by 
the Minneapolis-Honeywell Regu- 


lator Company is a valuable addi- 
tion to aircraft mstrumentation 
In a typical airplane engine 
equipped with a turbo supercharger, 
hot exhaust gases from the engine 
pass through the inlet and enter 
the nozzle box which surrounds 
the turbine wheel Smce it is the 
turbine wheel which drives the 
supercharger, and since it is the 
speed of the supercharger which 
largely regulates the pressure boost 
at the carburetor, the problem is to 
control the speed of the turbine 
wheel automatically Basically, 
speed control is dependent on the 
waste gas With the waste gate 
closed, all the gases impinge on the 
turbme and its speed is then at a 
maximum As the waste gate is 
opened, more gases escape to the at- 
mosphere, and the speed of the tur- 
bine decreases Air is brought into 
the supercharger or turbo compres- 
sor inlet, and its pressure is increased 
by the impeller. Compressed air 
when heated lessens volumetric ef- 
ficiency at the engme To avoid 
this, the heated air is first led to an 
mtercooler, where it is cooled by 
air brought m from a scoop, and 
then is passed on to the carburetor 
An internal blower still further m- 



The •lecfronlc control 
stick, which mokti close 
formotion flying eosier 
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creases the air pressure befoie it 
passes to the engine manifolds 

ELECTRONICS DOES IT--Control 
requirements of Ihe supercharger 
are many and severe It should be 
completely automatic Fluctuations 
m engme power must be met quick- 
ly and accurately, control of power 
must be by boost pressure rather 
than by throttle For safety’s sake, 
the turbme must not exceed a cer- 
tain speed, or manifold pressure a 
certain value, low temperature must 
not be a bar to efficient operation 
The combmed efforts of the me- 
chanical engineer and the electronic 
specialist have met these require- 
ments completely 
The sensitive unit of the super- 
charger control system is the Pres- 
suretrol which measures electrically 
the pressure of air supplied to the 
carburetor. It consists of two op- 
erating bellows and a reference 
bellows Together they move a po- 
tentiometer contact by means of a 
sector arm and a pinion gear. Then 
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there is a waste gate motor which 
IS a two-phase reversible electric 
motor operating a balancing poten- 
tiometer within its own case. An- 
other unit is the turbo governor, 
driven by a flexible shaft from the 
supercharger. One part of the turbo 
governor prevents overspeeding; the 
other part anticipates overshooting 
of the manifold pressure. 

All these imits are connected in 
the mam jimction box to a complex 
electric bridge circuit. When the 
units produce conflicting electric 
effects on the bridge circuit, an im- 
balance is signalled, amplified by 
the electronic amplifier, and the 
waste gate motor is set into opera- 
tion 

In a plane eqmpped with an auto- 
matic supercharger regulator, the 
pilot selects engine speed by setting 
the propeller governor control on 
his dashboard, and opens the throttle 
wide The mtemal blower gives a 
constant boost, so that if the turbo 
boost selector gives a constant pres- 
sure before the carburetor, a con- 
stant manifold pressure is bound to 
follow Once set, the delicate elec- 
tronic system keeps pressure con- 
stant and prevents overspeeding of 
the turbine Because of electronic 
amplification, all signalling and 
“thmkmg” devices can be small and 
delicate, yet their final action pow- 
erful and rapid 

CABIN COMFORT— Control of the 
temperature of an airplane cabm is 
another extremely important phase 


of aerial flight which is being taken 
over by electronics. Post-war, 
equable cabin temperature will be 
maintained on our airlmers, even 
though the airplane inoves from 
one temperature to another in a 
matter of seconds, and sometimes 
these changes are as much as 50 de- 
grees or more. The new Minne- 
apolis-Honeywell ^^electromc cabm 
temperature control” is a package 
umt weighing shfpitly under eight 
pounds. 1 \ mamtams the desired 
cabin temperature of 70 degrees, 
Fahrenheit, automatically m spite 
of extreme fluctuations outside. 

The temperature control system 
includes an outside air compensator 
This IS a small coil of wire installed 
m the duct bringing the air mto the 
cabm heaters. Temperature fluctua- 
tions change the electrical resistance 
of the wire The change in resistance 
IS slight, but even the smallest varia- 
tion is amplified through electron 
tubes Servmg aft the brains of the 
system, the tubes learn from the 
compensator coil whether the out- 
side air IS colder or warmer, and 
send electrical messages to a motor 
which opens or closes a mixing 
damper, proportiomng the amoimts 
of outside air mixed with heated 
air from the plane’s cabm heating 
system 

THE AUTOPILOT— Electronic de- 
vices do not constitute a whole con- 
trol system, but merely act the 
‘‘liaison” part This is well exempli- 
fied m the “electronic autopilot ” 


The primary umt is not electronic 
nor even electrical in character. It 
is a gyroscope or a number of gyro- 
scopes in a case fixed to the plane 
The plane may dive, climb, or bank, 
but the gyro rotor remains fixed in 
space. In older systems, the differ- 
ence in attitude between rotor and 
its case-operated ports or valves led 
compressed air or hydraulic pres- 
sure through piping to servo motors 
The servo motors m turn operated 
the rudder, ailerons, or elevator. 

In the electronic autopilot, the 
relative displacements of gyro and 
plane are picked up electronically 
and amplified mto a force strong 
enough to actuate the control sur- 
face motors It IS claimed for the 
electromc autopilot that its action 
IS practically instantaneous and re- 
fined; that the connecting electric 
wires are immime to extreme cold, 
and that no leakage of air or hy- 
drauhc fluid is to be feared. Another 
advantage is that the control sur- 
faces are connected by many fine 
wires, makmg it more difficult for 
gunfire and flak to put the autopilot 
out of commission as compared with 
mechamcal, pneumatic, or hydrauhc 
systems It is no longer a secret that 
the electronic autopilot is used on 
bombing aircraft such as the B-17’s, 
B-24’s, and B-29’s to%reheve pilot 
fatigue on long runs It also enables 
the airplane to be flown from two or 
more stations Pilot or navigator 
may be disabled, but another mem- 
ber of the crew can carry on 

It IS now permissible to say that 













the electronic pilot has proved most 
useful in precision bombing. With 
the automatic correction it mtro- 
duces, it is the bombardier who ac- 
tually operates the plane on a bomb- 
mg run. The result has been to re- 
duce the vulnerability of our air- 
craft because the effectiveness of 
enemy anti-aircraft fire is directly 
related to the time consumed in the 
bombing run. Single aircraft have 
made approaches with runs of only 
eight seconds The greatest contribu- 
tion, of course, is improved accuracy 
of bombing 

ELECTRONIC JOY STICK-The 
“formation stick” is an original 
war-time electronic development In 
early flights of American heavy 
bombers over enemy territory, at- 
tacks by enemy fighters compelled 
the use of ti^t formations, with 
planes fiymg almost wing-tip to 
wing-tip In turbulent air, such 
precision flying called for great ef- 
fort on the part of the pilots who 
often arrived over their target 
fatigued, Just when precision bomb- 
ing demanded their utmost alertness 
Accordingly, Wright Field encour- 
aged the development of a device 
which would take over all effort re- 
quired in formation flying and sub- 
stitute the servo motors of the auto- 
pilot for the muscles of the flyers 

As seen in the pilot’s compartment 
of a bomber, the formation stick is 
a pistol-gripped lever about ten 
inches long, free to move in all di- 
rections in exactly the same manner 
as the Joy stick of pursuit aircraft 
Through amplification of the elec- 
tric variations introduced by the 
motion of the stick, and with the aid 
of the servo motors of the control 
smfaces, the stick moves the air- 
plane in the same direction as, and 
proportionately to, its displacement 
A stabilizing mechanism has been 
added to give the stick “feel” and 
prevent the application of too abrupt 
control. 

DETECTING DETONATION---Deto- 
nation m an mtemal-combustion 
engme is the compression-ignition 
of the last part of the cylinder 
charge to bum, with hi^ localized 
pressures and temperatures Both 
of these may be damaging to pistons 
and cylinders. Early experiments in 
detonation detection involved ac- 
tual measurement of the pressure in 
the combustion chamb^ and an 
analysis of the exhaust gases. later * 
investigation has shown that deto- 
nation can be detected by observing 
changes in the frequency of the 
vibratibns transmitted through the 
cylinder wall. 

In the “detonation indicators,” de- 
veloped by the Sperry Gyroscope 


Company, a pick-iqi unit is attached 
to the cylinder wall and connected 
through an amplifier to a neon light 
mdicator on the instrument board 
which flashes a warning when 
detonation conditions occur. No 
piercing of the cylinder is necessary 
to make an installation, and the 
equipment will serve all types of 
power-plant installation. Further, it 
is possible to discover immediately 
which cylinder is at fault by the op- 
eration of a selector switdi 

DE-ICING— Among the many elec- 
tromc devices developed by the 
Eklipse-Pioneer Division of the 
Bendix Aviation Company is one 
that improves the efficiency of the 
de-icing boots used on the wing 
edges of airplanes The new control 
permits a more selective method of 
mflatmg and deflatmg the tubes 
along the wing edges so that ice 
broken loose by the pulsating rub- 
ber can be earned off by the slip- 
stream. 

Pressure and suction manifolds 
are located at the individual de-icer 
boot connections. The manifolds are 
operated by solenoid-actuated dis- 
tribution valves, precisely and in- 
stantly controlled by an electronic 
timer Onginally there was a smgle 
recurri])g cycle of inflation and de- 
flation fixed at approximately 40 
seconds Now an electronic device 
measures the thickness of the ice 

• 


AIRCRAFT PILLOWS 

Quickly and Easily 

Turned Into Jacks 

An interesting new device, devel- 
oped by the Air Technical Service 
Command at Wnght Field, is simply 
a giant pillow used to jack aircraft 
on soft ground or after they have 
made crash landings It appears that 
the idea originally came from our 
German enemies. The British learn- 
ed it when they captured some pic- 
tures of giant rubber bags being 
used as airplane Jacks They quickly 
passed it on to the AAF, and the 
Air Technical Service Command’s 
equipment laboratory added im- 
provements* One of these is a de- 
vice for lacing the bags together so 
that high-wing plaim could be 
lifted to almost any desired heif^t 

The photograph shows and ex- 
plains ^e equipment It weighs 220 
pounds and can ^ carried in almost 
any airplane. It 'comprises a set of 
thm bags and one gasoline-engine- 
driven blower or compressor. Each 
bag is six feet high and only two are 
required to lift most airplanes, al- 
though a B-24 Liberator takes four 


and permits the pilot to vary the 
frequency of the pulsations in rela- 
tion to the thickness and type of ice 
being formed. 

OTHER APPLICATIONS-Electronic 
flmne detectors, in whidh photoelec- 
tric cell circuits are affected by the 
presence of flame or smoke, serve 
as quick-acting fire alarms An 
engine temperatwe control fur- 
nishes voltage to the amplifier, so 
that temperature variations operate 
cowl flaps, admittmg more or less 
cooling air as circumstances war- 
rant. Remote actuation of airplane 
controls and accessories by elec- 
tromc means has been greatly aided 
by the design of small but power- 
ful electric motors of low mertia 
and with the ability to turn rapidly 
in either direction The Sperry auto- 
matic direction finder makes every 
radio transmitter a possible source 
of guidance The list of such ap- 
pliances could be extended almost 
indefinitely, but enough has been 
recorded here to show that elec- 
tronics has already served the air- 
plane to an extraordinary degree in 
control, in all manner of instru- 
ments and engine auxiliaries, and 
in navigation There is not the 
slightest doubt, moreover, that elec- 
tronics will be one of the most im- 
portant contributing factors m the 
growth of safety and comfort in 
post-war flight 



Photo bjr Air TtchnlcAl Service Commend 
Air pillowt lift o ptone 


bags and a B-29 Superfortress takes 
eight. Each bag can support 12 tons, 
measures approximately six and a 
half feet square, and is filled with air 
at a pressure of three pounds per 
square inch. 

Experience shows that it is far 
simpler to slip defiated bags under 
'the wings of a belly-landed plane 
and inflate them than to use the old 
method of excavating and inserting 
hydraulic jacks. Even a motorist 
might, at times like to have some- 
thmg of the kind instead of pain- 
fully manipulating a conventional 
automobile jack. 
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PETROLEUM Conductwi by JEROME CAAAPBELl 


Gas in Bottles 


Liqiiofied Petroleum Gos, Becouse of its High Thermol Efficiency ond 
Adoptability to Convenient Storoge ond Tronsportotion, has Come to 
be on Importont Foctor in Americon Economy, Both Domestic ond In- 
dustriol. Its Uses ore Widely Voried ond They ore Increosing Ropidly 


By BUDD MULIOY 

O N» of the growing indus- 
tries in the United States is 
the production, distribution, and 
marketing of liquefied petroleum 
gases — ^butane and propane. Before 
LP-Gas became one of the vital 
materials of war, the annual con- 
sumption for domestic, commercial, 
industrial, and chemical purposes 
was mcreasmg at an average rate 
of almost 50 percent a year While 
consumption for normal purposes 
has remained almost static during 
the war, consumption for war pur- 
poses has skyrocketed New facih- 
ties established since 1940 multiply 
by many times the previous produc- 
tion possibilities 

When early petroleum engineers 
and chemists were seeking the mil- 
lenium in a compressed fuel, it lay 
beneath their feet, regarded as a 
nuisance m the oil fields and re- 
fineries because it produced prob- 
lems which seemingly could not be 
whipped Natural gasoline, for in- 
stance, ‘‘weathered ” So many thou- 
sands of gallons of gasoline would 
be stored in tanks and a great many 


less gallons could actually be sold 
The balance escaped as a gas 

After the turn of the century, the 
Riverside Oil Company owned nine 
natural gasoline plants and the 
general superintendent of the com- 
pany, A N. Kerr, determined to 
stabilize his gasolme and abate the 
nuisance He and Herman Stuke- 
man, a young company engineer, 
worked long and hard on the prob- 
lem Finally they decided to con- 
dense the escapmg gases and in 
1910 produced about 200 gallons of 
the condensate. It proved to be a 
mixture of butane, propane, and 
other hydrocarbons 

In 1911, an expert steel cutter, 
J F Richardson, used the new gas 
to cut steel in Pennsylvania In 
May, 1912, the gas was installed in 
a home and a short time later a 
Wheeling, Pennsylvania, packer pro- 
duced liquefied gas for himself and 
used it to operate one of the early 
automobiles 

By 1920, butane and propane had 
been separated and the particular 
values of each was apparent Meth- 


ods of transportation, control, and 
“packaging” were being tried out 
Procedures of sellmg were gettmg 
their first tests New capital, large 
and small, entered the business 
Durmg the 20’s big oil companies 
created subsidiary companies and 
chemical companies did the same. 
All were seeking to capitalize on 
the growmg potenlials of LP-Gas 
as a fuel. 

GAS IN LIQUID FORM-The mole- 
cular formiihi for propane is CaH». 
The designation for both normal 
butane and isobutane is CJ^k, While 
both of these arrangements of car- 
bon and hydrogen atoms do much 
the same industrial and domestic 
jobs m much the same way, they 
differ in qusdities and advantages. 
These differences explain the geo- 
graphic Ime in their marketing Of 
course, markets and uses for the 
two gases overlap, but two basic 
factors have contributed to the sec- 
tional marketmg division One is 
the vapor pressure rating; the other 
what the mdustry calls the “boil- 
mg pomt” The boiling pomt of a 
hquefied gas is that temperature 
at which it changes rapidly from 
liquid to gas It bubbles, or “boils” 
while so domg, hence the name The 
vapor pressure rating of a liquefied 
gas is the poimds of pressure per 
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square inch at a certain temperature 
The great advantage of propane is 
that the boiling pomt, where it 
vaporizes rapidly, is about 44 de- 
grees below zero, Fahrenheit. The 
disadvantage lies in the fact that its 
vapor pressure at 70 degrees above 
zero is 109 3 pounds per square 
inch. The containers m which it is 
merchandised weigh, roughly, about 
as much as the gas in them Thus 
100 poimds of gas sold means 300 
pounds of total transportation — ^the 
cylinder weighing 100 pounds mak- 
ing a roimd trip journey in order 
to sell 100 pounds of gas to the cus- 
tomer. 

When butane is used in the north 
it must be protected from the cold, 
and a system of artificial heating is 
required, smce the boiling pomt of 
normal butane is 31 8 degrees above 
zero, Fahrenheit It readily vapor- 
izes above about 35 degrees and has 
little, if any, pressure below that 
level On the other hand, the pres- 
sure per square inch of hquefied 
normal butane is only 16 9 pounds 
at 70 degrees In general terms, this 
means that butane can be stored and 
transported in less expensive, lighter 
equipment than is required for pro- 
pane. 

Most of the LP-Gas sold is not 
pure propane or pure butane. This 
lack of “purity” does not mean a 
lack of virtue or that the product is 
dirty or undesirable It means only 
that it has not been necessary to 
carry the separation process to the 
final degree, and that there is bu- 
tane in the propane and vice-versa 
As a matter of fact, many distrib- 
utors deliberately mix the two 
gases, to arrive at a blend suited to 
the area and the climate in which 
the mixture is sold and the purpose 
for which it is mtended Butane gas 
for smudge pots, for instance, is often 
“needled” with propane to lower 
the boiling pomt to the desired fig- 
ure 

IN THE HOME-More than 2,000,- 
000 American homes today are 
equipped for cooking, water heating, 
refrigeration, or room heating with 
liquefied petroleum gas fuel These 
homes are in the suburbs of the 
cities, in the fringe areas of the 
large cities themselves, m small 
cities and towns, and on farms 
The importahce of this 2,000,000 
home figure is realized by looking at 
other figures. More than 18,000,000 
famihes in the Umted States cook 
with gas of all kinds — ^natural, manu- 
factured, and liquefied petroleum 
gas. This means that about one in 
every nine gas ranges in the country 
uses IP-Gas. 

The gas range used with LP-Gas 
is much the same as the range used 
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m the city with manufactured or load and partially to enrich other 
natural gas, but special designmg gas to keep it up to the set stand- 
has been done to make the most ards of the companies, 
economical use of the richer fuel Smce that year the use of IP- 
Propane, as it flows to the range, has Gas by city gas companies has 
a BTU ratmg of 2526 per cubic foot grown m leaps and boimds In only 
Butane has 3276 BTU to the cubic two years since 1928 has the record 
foot. The manufactured or natural shown a decrease The other years 
gas flowing through city gas mains showed substantial increases, from 
varies in richness, but most of it is 10 to 66 percent each year The 
about 560 BTU (manufactured gas) 1,500,000 gallons sold m 1928 have 
and seldom is it richer than 1100 grown to 46,000,000 in 1944. Many 
BTU (mostly natural gas). large cities now have LP-Gas in 

Since proper combustion demands storage for emergency use and many 
that oxyg;en be supplied in volume more are usmg it to supplement 
somewhat proportional to the nch- their own gas sales, 
ness or heating value of a gas, it is LP-Gas is widely used for room 
apparent that LP-Gas must have a heating, particularly in those 
larger intake of air than city gas climates where the weather is not se- 
For this reason range manufac- vere but the temperature goes down 
turers have designed special burners rapidly after sundown In these 
for ranges sold through LP-Gas places the job assigned to space 
dealers The standard type range heaters is one of taking the chill 
can be converted for use with LP- from rooms. What is needed is a 
Gas, but those of special design are quick, instant heat Many central 
deemed more efficient heating systems are also operated 

A family of five persons wiU use, on LP-Gas. 
for cooking purposes, about 8 2 Room heaters are made in many 
pounds of gas a week if their living forms Among them are the radiant 
scale IS in the average bracket, but flame type heater, the floor furnace, 
the amount may double that if the and hot water or steam radiators 
livmg scale is higher and the fara- with individual gas flame heating 
ily entertains a great deal A farm units Some heater models are de- 
family using LP-Gas for cooking signed to fit in fire places or wall 
and for heating water will use about recesses; some are manually con- 
14 pounds a week, according to trolled and others automatically op- 
tests In a Southern home where erated with thermostats In size, 
large quantities of butane are used their input ratings range from 7000 
for room heating and the rate is to 60,000 BTU per hour 
consequently low, the cost of the While individual room or space 
fuel used for cookmg may be as heaters are generally designed to 
low as 10 cents a gallon, which is be used as auxiliary sources of heat 
equal to about 2 cents a pound The to a central heating system, they 
other extreme is the summer home are satisfactorily employed for heat- 
in a resort area where only small ing entire houses by multiple in- 
amounts of gas are used and then stallation. Butane-propane mixtures 
only seasonally The price here may are the* gases most widely used. For 
be as much as five times higher this purpose, a large tank contain- 
than the low price level mg fc^m 100 to 1000 gallons of gas 

In 1928, city gas companies dis- is kept outside the house. Piping is 
tributmg natural or manufactured run from this tank to each room in 
gas purchas^ about 1,500,000 gal- the house in whidi heaters or other 
Ions of liquefied petroleum gas. This appliances are installed, 
gas was used partiaUy as standby LP-Gas is used on farms and 
supphes to insure delivery during randies as a production tool 
emergendes and at times of peak Wherever heat or flame is required 
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to boost farm production, or to cut 
manpower hours, the gas can do a 
useful job. The tasks assigned to it 
range from automatic smudge pots 
for the orchards and flame*>throwing 
weed killers to such prosaic assign- 
ments as sterilizing milking equip- 
ment and heating chicken hatch- 
eries. In between are the farm- 
factory jobs such as smoking meat, 
dehydrating fruits and vegetables, 
ripening fruits, and fueling the in- 
ternal combustion engines m tractors 
and irrigation pumps 

GAS ENGINES— LP-Gas can be 
used as fuel for internal combus- 
tion engines Some of the early 
streamlined trains were operated on 
butane Railroads use it for com- 
pressors, cookmg, refrigeration, and 
to run switch engmes Thousands of 
irrigation pumps throughout the 
west use the same fuel and some 
compames installed butane equip- 
ment on the heavy trucks in their 
fleet as much as 10 to 15 years ago 
The buses of the Los Angeles Com- 
pany were fueled with butane as 
early as 1930 

Prime advantage of butane and 
propane as a motor fuel is the fact 
that they go into the cylinder as a 
gas and remain so imtil fired. This 
means that there is no dilution in 
the crank case, that the lubncatmg 
oil is never stnpped off the cylmder 
walls by the fuel, and that engmes 
may run as much as ten times the 
normal mileage between overhauls 

A typical case is that of the 
Spokane United Railways, which 
converted all its buses to a butane- 
propane mixture m 1937 Exclusive 
of unloading and storage facilities, 
the cost of the change-over was 
about $250 for each vehicle The 
fuel used was a mixture of 65 per- 
cent butane and 35 percent propane 
for summer use and a 50-50 mix- 
ture for winter The temperature in 
Spokane ranges from —20 degrees, 
Fahrenheit, m winter to 105 degrees 
in summer 

Road performance of the Spokane 
buses has been materially improved 
over the experience with the same 
buses fueled with gasoline. Troubles 
due to vapor-lock were ehminated 
Shop maintenance costs were re- 
duced SO percent Much of this was 
because engine overhauls now are 
made about every 90,0000 to 95,000 
miles instead of every 40,000 to 
45,000 miles In addition, it has been 
foxmd that customers’ complaints 
about obnoxious exhaust odors have 
been eliminated 

WIDE INDUSTRIAL USE-The ab- 
normal demands for gas in a large 
midwestem city with many war 
plants during Ae past five years 


, has created a fluctuation of gas 
pressure which upset many of the 
processes of manufacture. 'Il^e solu- 
tion was propane and butane in- 
stallations at many factories. Con- 
stant maintenance of LP-Gas pres- 
sure, the assurance of clean, car- 
bonless flames, and the accuracy 
of control has made a large con- 
tribution to the war effort in these 
factories and foundries Most of 
these manufacturers have stated that 
even when conditions return to 
normal after the war the LP-Gas 
installations will stay 

Thousands of manufacturing op- 
erations are carried on with LP- 
Gas. Some of these installations are 
many years old; others have been 
bom of war necessity Torpedo hulls 
made m a Navy-operated factory in 
Indiana are heat-treated in an oil 
furnace Smce a draft of cold air 
commg through the opened door 
could make them imperfect, a cur- 
tain of flame provided by an LP- 
Gas installation protects the door 
Whenever it is opened, tongues of 
flame shoot from top and bottom to 
meet and seal the opening against 
the cold This is but one of many 
gas jobs created by the war. 

In shipyards of both coasts and 
throughout the midwest much of the 
metal cutting is done with propane 
LP-Gas, say the shipbuilders, saves 
time, money, labor, and material 
It is reported that the kerf, or cut 
edge of a plate of metal so cut does 
not resist a grinder as does a kerf 
from an acetylene torch This makes 
later finishing operations easier 
The purchasing agent hkes the fact 
that less gas is bought and the yard 
superintendent hkes the fact that 
the men do not have to stop their 
work so often to change tanks. Lay- 
out men can figure on less metal loss 
between patterns and can often get 
an additional and needed piece out 
of a sheet 

Enamel baking, metal hardenmg, 
carburizmg and cleaning, smelting 
and annealmg — these are but a few 
of the additional jobs being done by 
LP-Gas 

GASES FOR CHEMISTS-The rear- 
rangement of atoms in the molecule 
and the addition or subtraction of 
atoms to gain a desired effect is 
often referred to as ’’chicken wire 
chemistry.” This reference comes 
from the molecular diagrams which 
the chemist draws on his research 
note pad as his work progresses 
Through ’’chicken wire chemistry” 
the petroleum chemists and engi- 
neers have brought us synthetic 
rubber, 100-octane aviation gasolme, 
pigments. They can, and do, take to 
their work benches butane and pro- 
pane, the common varieties, usi^y 


known as “tank” or “bottled” gas, 
and bring back carbon black, chlo- 
roform, pure ethyl alcohol, indigo, 
formaldehyde, ammonia, and a large 
number of additional substances. 

High test aviation gasoline, upon 
which our fighting pilots depend for 
their superiority in the air, repre- 
sents another large chemical use of 
LP-Gas. Large quantities of butane 
and isobutane have gone into the 
gasoline program This use might 
well be considered, too, a stabiliz- 
ing influence for the mdustry Our 
post-war gasoline will have a much 
higher volatility dnd octane rating 
if a surplus of butane exists Rather 
than sell butane stocks at distress 
prices the refiner will either leave 
much of the butane in the gasoline 
or will add it if the gasoline does 
not already contain enough. 

The future of the LP-Gas mdus- 
try would seem to be one of con- 
tinued expansion. New markets and 
new uses are constantly commg to 
attention, new methods of recovery 
and distribution are m the ofiing, 
and new higher stands of living, 
plus new industrial processes, will 
push up and up the figures on the 
consumption charts 


# ^ # 

SCIENTIFIC SEARCHING 

For New Oil Sources 

Required by War Depletions 

Intensive post-war “prospecting” 
by geologists usmg unusual scien- 
tific methods in exploration for new 
sources of oil and minerals was pre- 
dicted recently by Professor Paul F 
Kerr, head of the geology depart- 
ment of Columbia University 

War demands have called for a 
great quantity of oil, and have con- 
sumed huge deposits of metals 
Geologic explorations have ex- 
panded supplies of both rare and 
common minerals as well as fuels, 
Professor Kerr said, but serious de- 
pletion of many of the best deposits 
will necessitate a quest for new sup- 
phes 

The war-time search has devel- 
oped some new exploratory tech- 
niques which still are being kept 
secret, he added But the technique 
of the modem scientific “prospector” 
already included geologic mapping, 
sedimentation studies, geochemical 
analyses of sands and clays found in 
oil-contaming formations, electrical 
logging, seismic waves, the sp^tro- 
scope, X-ray identification of min- 
erals, and micropaleontology, the 
study of microscopic life foimd even 
in cores of rocks dug deep from the 
earth. 
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RAILWAY TRANSPORTATION Conducted by C. B. PECK 


Power Plants On Wheels 


Comfort in Modern Posienger Trains Requires Large Quantities of 
Electric Power Put to Work in Mony and Divers Woys. On Most Trains, 
this Needed Energy Is Produced by Cor>MounMd Generators Driven by 
the Axles. Other Methods Are Also Used 

By A. G. OEHLER 

Btetrleal Bditor, ItaUwap Age 


P ASSENGER locomotives have many 
hinctions m addition to haul- 
mg cars One of the most impor- 
tant of these auxiliary duties is the 
generation of electric power, usu- 
ally by means of axle-driven gen- 
erators mounted on the cars 
A modem passenger train needs 
huge quantities of electricity for 
lights in the cars and on the loco- 
motive, for the ventilation, refrig- 
eration, and controls required for 
air conditioning, for cab signals or 
automatic train control, for accurate 
control of high-speed brakes, for 
refrigerators and gadgets in the 
diner; for water-coolers and elec- 
tric razors m the Pullmans; for the 
radio in the lounge car, and per- 
haps also for a tram telephone sys- 
tem 

All this necessary auxiliary power 
IS generally created by the locomo- 
tive, though on some roads it may 
be generated by a propane-fueled 
engine imder the car or by one of 
several Diesel-generator sets in a 
power car next to the locomotive 
In the United States 6300 steam 
locomotives are used for hauling 
passenger trains This represents 
about 16 percent of a total of 39,500 
used by Class I railroads, 296, or 
38 percent, of the country's 868 
straight electric engines are used m 
passenger service, out of a total of 


2500 Diesel-electric locomotives 
there are 287, or 11 5 percent, used 
in passenger and in combination 
and freight service The low per- 
centage of the Diesels used in these 
categoiies is explained by the rela- 
tively large number used for switch- 
ing 

Most of the 8729 Pullmans and 
35,945 railroad-owned passenger 
train cars in service today are elec- 
trically lighted; 5219 Pullmans and 
8139 railroad-owned, a total of 
13,358 cars, are air-conditioned In 
one form or another, each one of 
these cars requires from one to 
thirteen kilowatts of power for the 
comfort and convenience of the 
passengers — power that is not used 
for moving the car 

If a car is equipped with electro- 
mechanical air conditioning, it has 
a 20-kilowatt generator driven by 
gears, oi V-belts and gears, from one 
of the car axles Although the con- 
nected load in the car is only 10 
or 12 kilowatts, the generator must 


be of 20-kilowatt size because the 
train is standing for a part of tl\e 
time, or running at speeds too low 
to develop full generator load To 
compensate for this, the generator 
must have sufficient surplus ca- 
pacity to charge a storage battery 
for use when the tram is standing 



CrowiM foe^thtr in orderly feitiion 
in this locktr oro oil Hm oloefric 
confrob of o modern pomngor cor 


Consequently, there must also be 
standby power systems in yards and 
terminals for charging batteries and 
for operating air-conditioning equip- 
ment 

When the 20-kilowatt generator 
operates at full capacity, it requires 
about 40 cylinder horsepower of 
the locomotive. Thus if there are 
ten air-conditioned cars with loaded 
generators in a train hanled by a 



An oxIo-driveR gonorator ottochod to the bottom of e cor, ibowing the ootomotic 
dutch, 0 vniversoi joint end tho spiined shoft extonding to tbs goort on tho oxlo 
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Hidden under o ttreomlined cor is the olr conditioning 
unit with Its condenser ond its motor- driven compressor 


An instollotton of motor generator sets, with their switch- 
boord for charging railrood cor botteries in the yords 


4000-horsepower locomotive» the 
auxiliary power required may 
amount to 10 percent of the ca- 
pacity of the locomotive 

CAR LIGHTING — ^Fluorescent hghts 
are now bemg used extensively be- 
cause they offer a number of ad- 
vantages over mcandescent lamps 
Their shape makes them readily 
adaptable to the long, low intenors 
of a car. They reduce the load on a 
limited supply system and generate 
less heat, thus reducmg the load on 
the air-conditiqnmg system 

Most of the available fluorescent 
lamps operate on 115-volt, 60-cycle 
power and this means that the direct 
current from the generator, usually 
at 32 volts, must be converted either 
by a motor-alternator or a vibrating 
inverter A 15-inch, 14-watt lamp 
was developed for direct-current 
operation on 64-volt systems, but its 
use also requires some loss m a 
series control resistor for each lamp 

The 32-volt system is most wide- 
ly used on railrond trains, but 
growing loads have called for bat- 
tery sizes which make handling dif- 
ficult and for unwieldy and expen- 
sive conductors As a result, there 
will probably be an increasmg use 
of 64 and 115-volt systems 

Engine-driven generators and 
compressors hgve foimd increasmg 
favor on western roads in recent 
years. In this system, two identical, 
20-horsepower, propane-burning 
engmes are used to drive respec- 
tively a 7^-kilowatt generator and 
a dbmpressor to supply the needs 
of the car, thus relieving the loco- ' 
motive of the air-conditioning and 
lighting load. 

One train has been built with each 
car having a power plant which 
supplies all electrical needs includ- 
ing heating. A Diesel engine under 
each car drives a 30-kilowatt gen- 
erator for lighting, air-conditioning, 
and other needs When heat is re- 
quired, this Is obtained from elec- 


trical resistors and from engme 
jacket water 

There are two kinds of head-end 
power systems. One is represented 
by a train having a power car con- 
taining two SnO-kilowatt, Diesel- 
electric generating sets This is 
coupled next to the locomotive and 
supplies all electrical requirements 
of the tram through tram hnes at 
220-volts, three-phase A 64-volt 
battery on the power car is charged 
by a motor-generator set and an- 
other on the dbservation car by a 
vacuum-tube rectifier A 64-volt 
direct-current tram line supphes 
emergency lifting, control appara- 
tus, and air blrakes 
liie second type of head- end 
power system is m use on a few 
suburban trams which are success- 
fully lighted by a steam turbme- 
driven generator mounted on the 
locomotive No batteries are re- 
quired, but cars cannot be cut out 
of the train without interruption of 
the lighting 

PASSENGER COMFORT — Air-con- 
ditioning controls on railroad sys- 
tems are bemg constantly improved 
At first passengers were happy with 
a little cooling Having grown ac- 
customed to comfort, however, they 
became cnticaL It is now necessary 
to have controls which modulate 
the cooling effect in steps, causing 
the inside temperature to follow 
the outside at a respectful distance, 
and keeping all cars in the train at 
the same temperature It has also 
been found desirable to make the 
controls almost fully automatic 
Dirt 18 kept out of cars by filters, 
either the oiled type which is 
cleaned periodically or the dry type 
which is replaced when necessary. 
More recently there has been tested 
on two cars an electneal precipitator 
which effectively removes sohd 
particles as small as tobacco smoke 
Odors \ are another railroad-car 
problem. Theee can be absorbed by 


activated carbon, and can be re- 
moved, or masked by various types 
of deodorants. The introduction of 
ozone, properly regulated, is effec- 
tive. 

Humidity control is m most cases 
a by-product of temperature control 
When air is cooled by the coils of the 
evaporator, water is precipitated on 
the coib and is drained off In earlier 
types of air conditionmg, full cycling 
control was used, the compressor 
ran at full capacity or it did not 
run, as dictated by a thermostat 
Under these conditions the humidity 
will rise during off-cycle periods, 
causing some moisture to form on 
the skm of passengers even though 
the rise in temperature is slight 
Although rate of air circulation re- 
mains constant, when the compres- 
sor starts again and the evaporator 
coils start collecting moisture, 
evaporation of moisture on the pas- 
sengers increases and they feel a 
sensation of cold 

To correct this condition, evapo- 
rators are divided mto two parts 
and compressors are run at two or 
three rates or capacities, thus step- 
modulating the system to make 
cooling and dehumidifymg continu- 
ous at all but very hght loads The 
ideal condition, however, is obtained 
by reheating. This requires that the 
compressor be run constantly at full 
capaaty with a small amount of 
steam heat used to bring the tem- 
perature back to the required val- 
ue Reheating has the disadvantage 
of putting more load on a limited 
power supply system, but has been 
used effectively in climates where 
the hiumdity \a high. 

REGULATION — ^Power control in a 
car is in ail cases centralized in 
what IS known as an electric locker 
Here are assembled voltage regu- 
lators, automatic relasrs, main 
switches, distributor imnil, air- 
conditioning controls, and other 
auxiliary devices. Unfortunately 
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Four 50-kilowott DitMl generators 
ore mounted in this troin power cor 


for* the circuit designer, the locker 
must be placed at one end of the 
car. From this location condmt lines 
by the dozens disappear through 
the floor to the imdemeath areas 
and also up into that vast, mysteri- 
ous, and well-filled space above the 
ceiling which the passenger never 
sees There the electric layout man 
competes with those who are trymg 
to hide water lines, train lines, brake 
systems, air piping, tanks, steam 
Imes, and many other things, re- 
membering the while that an ad- 
jacent steam Ime is an effective way 
to preload a circuit. The modem 
sleeping car, too, must provide sepa- 
rate rooms complete with all toilet 
facilities, and is made with thin 
solid partitions to conserve space 

WHArS COMING-Prophecy is 
always unsafe, but there are already 
many indications of future trends 
The war-time traffic has required 
that the railroads employ every pas- 
senger car they could put into safe 
operating condition and to use them 
so intensively that it has often been 
necessary to turn them aroimd at 
terminals without sendmg them to 
the yards for cleaning. Loadmg has 
increased to the point where pas- 
sengers sit three in a coach seat, 
with others sleeping in the aisles 
and even in the baggage racks. Wear 
and tear has increased accordmgly, 
and the railroads have not yet been 
allowed to build any new cars 
There are more than a thousand 
cars on order, waiting imtil material 
can be released for their construc- 
tion, and it is estimated that the 
passenger train cars to be ordered 
during the first five years aft^ the 
war ttmjt well approach the total 


attained in the early 1920*s when 
the average was about 2024 per 
year. 

'^Standard Pullmans’’ with cur- 
tained compartments will gradually 
be replaced with various types of 
room cars. Many innovations in the 
form of diners, club, lounge, cafe, 
and observation cars will appear, 
even a nursery car has been 
planned The preponderance of new 
cars, however, will probably be 
coaches since railroads are particu- 
larly well situated to supply trans- 
portation in large units. The coaches 
built recently, too, have been notable 
for supplying more comfortable 
travel than the chair and lounge 
cars of some years ago 

Trains will be faster and cars 
will ride better because of improved 
design and construction which may 
even employ such refinements as 
g 3 nro stabihzers Electrical operation 
of service brake applications be- 
comes desirable as train speeds go 
up. Electrically controlled devices to 
prevent wheel slipping are used to 
a limited extent and their applica- 

• • 

CAR SPRINGS 

Studied Through Window 

In the Car Floor 

Standard freight-car trucks have 
coil springs with a maximum travel 
of 1% inches from free height to 
solid These trucks pass through 
critical speeds usually between 45 
and 50 miles an hour where the 
rate at which the wheels pass rail 
joints coincides with the natural 
period of vibration of the loaded 
truck sprmgs 

The need for longer-travel 
springs in freight-car trucks intend- 
ed for high-speed service was estab- 
lished in a series of tests conducted 
by the Association of American 
Railroads In efforts to develop a 
satisfactory truck conforming to the 
principles established by the earlier 
tests, the American Steel Foun- 
dries employed two freight cars 
elaborately equipped with apparatus 
for the measurement of various 
truck and car-body movements 
and of shocks transmitted to the car 
body Notwithstanding extensive 
data available from indicating and 
recording instruments, visual ob- 
servation of the action of the trucks 
was still considered an important 
part of the tests Hence windows 
were placed in the floors of the cars 
on each side of each truck. 

In the development and proof 
testing of its q>eed-control truck the 
American Sted Fotmdries’ cars were 
run 50,000 miles. The truck Includes 

i 


tion will undoubtedly be extended 
Diners will use electric refrigeration 
and may employ electric cooking; a 
50-kilowatt axle-driven generator is 
being considered for use on a diner. 
Several designs have also been made 
for Diesel-electric power plants to 
supply complete needs of individual 
cars 

Air conditioning for new and re- 
modelled cars include many 
refinements and there will be more 
automatic control Models and draw- 
ings of new car interiors indicate 
that new lighting mstallations may 
well serve to show the travelmg 
public how lighting can be used ad- 
vantageously m the home. Gadgets 
such as grilles, toasters, percolators, 
mixers, dishwashers, and so on may 
be expected to appear in consider- 
able profusion Radio and inductive 
train telephone systems for com- 
munication between opposite ends 
of a train and between trains, as well 
as trains and wayside pomts, will be 
applied first to freight service, and 
will later be used to expedite the 
movement of passenger trams 

• 


sprmgs with a maximum travel up to 
3-13/10 inches with Just enough 
friction damping action to discourage 
violent boimcmg m the critical speed 
range 

RAILROAD RESEARCH 

Coal Mines Take a Hand 

In Locomotive Improvement 

A RESEARCH project to improve 
the coal-buming locomotive was 
latmched in January by six rail- 
roads and three major coal-produc- 
mg companies More than a million 
dollars has been subscribed to ini- 
tiate the research which will be han- 
dled by Bituminous Coal Research, 
Inc, an agency of the bituminous 
coal industry, as a distinct project 
with separate personnel adniin- 
istered by a committee of which 
R B. White, president of the Balti- 
more and Ohio Railroad, is chair- 
man Bituminous Coal Research, 
Inc , has imder way a study of com- 
bustion in the locomotive boiler at 
the Battelle Memorial Institute. 

The railroads involved in the new 
project are the Baltimore and Ohio; 
the Pennsylvania; the Louisville 
and Nashville; the Norfolk and 
Western; the New York Central, 
and the Chesapeake and Ohio They 
originate more than 60 percent of 
the bitummous coal tonnage moved 
by the railroads. The three coal pro- 
ducers are the Jsland Creek Coal 
Company, M. A. Hanna, and Ae 
Sinclair Coal Company 
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^y//|N WAR SURPLUS \x ^ 

LENSES'o PRISMS 



SILVEMO TANK ^EISM 

IK)-45^ d€crte, long, wide, finely 

iround and polished Would normally retail from 
$24 to 130 each 

#9004-1 $9 00 Mdi PoiMd 

(niuftra^ b^et on Prieme Included FRlfi) 
FOUR SILVERED TANK RRISMS- 
SREOAL $7 00 

Poeipald This la the moot aenaatlonal bargain 
we have ever been able to offer 


ATTENTION ALL AMATEUR 
TELESCOPE MAKERS 

An exceptional opportunity to eecuro e large 
variety of opdcel piecee (eeconde) in yerying 
fltegee of proceesing — from raw optical glees to 
pamallv finished Most pieces have been molded* 
some finished on one side. Diameters up to at 
least 3 inches Good varie^ of pnsm blanks In* 
eluded* bulk packed Refractive indexes from 
1 9110 to 1 6490 but not identified. Contains both 
Crown and Flint glass. ^Id *'as is" but vdth our 
usual miarantea of full satisfaction or money re* 
funded Excellent for educational usesi for prae* 
ticing and learmng optical grinding and polishing 
Stock #703 ‘S 8 lbs. (minimum w^ht) 

$9 00 l^stnaid 

Stock #702 S lib fil 00 Postpaid 

FOIAROID . Diameter 3^ inches One round 
piece of Polaroid (mounted between glass) Sup 
plied in individual cloth containers Limit — a 
pieces to a customer 

Stock #623>S $1J0 each Postpaid 

LENS CLEANING TISSUE (PERFECT) Approxi 
matcly 4fio sheets, size 7^x11 inches 

Stock #704-S $1 SO Postpold 

NEW so PAGE IDEA BOOK "FUN WITH CHIPPED 
EDGE LENSES" 

Contains wide variety of projects and fully covers 
the fascinating uses of Lenses and Prisms 
only $1 00 Postpold 


PERFECT ACHROMATIC (CEMENTED) Tfli- 
SCOPB OUECTIVE LENS Diameter iH in 
ches Focal length ao inches 
Stock #4091-S Frica SS 00 Poatpoid 

PORRO PRISM in 

FROM ARMrS 6 POWER BINOCULAR 

Consists of a Porro Prisms to make an 
erecting system for a Telescope 

Stock #9010wS $2 00 Postpold 

MAGNIFIER SET 

s magnifying Lenses . Powers from 1 

#1026-1 $2 00 Postpaid 


TANK PRISMS 

90-45-45 degree prisms of huge size — 
5%" long, 2W wide, finely ground and 
polished. Used to build a Periscope . . . 
excellent also for experiments, classroom 
demonstrations at high schools, colleges, 
camera clubs, astronomy clubs Some of 
our ingenious customers have used these 
Prisms to make camera stereo attach- 
ments, photometer cube, range finder, 
etc Normally, these Prisms would retail 
from $24 to $30 each 


MISCELLANEOUS ITEMS 

Stock No Itafn Prica 

9(XI^$ Porro Abba Priam $2B aach 

9B16-S Pentagon Pntm JS aach 

2024-$ 10 Piecaa Circular A i Plate 
Glaat (Diam 31 mm — for 
making Filter) 25 aach 

10(M-S a Redueinjg Lenaet . 1 20 

9001-$ Lena Surface Pnam .. . 2 00 each 

503-S No i Sable Hair Lettering 

Bruah ... 1 00 doc 

9021 -S Amici Roof Priam (3rd Grade) 25 each 

4009- S Heat Abaorbing Glaaa 95 aoeh 

4010- S Heat Absorbing Glass a" x a" .10 aach 

201^1 17 mm Diam Gunsigbt Reticle 10 each 

40 mm Neg Lena, (Trosa Lines 25 each 
9020-S Right Angle Priam 48 mm 

wide (3rd grade) 95 each 

529-S Six Threaded Metal Reticle 

Cells .25 

26-f First Surface Aluminized Mir 

ror, Diam 1^" 25 each 

1027-S Perfect Plano*Convex Lena, 


I Diam. la j mma , F L ao mms 90 each 

624-1 Neutral Ray Filter size x 

aVf" 25 

(Minimum Order on Above — $1.00) 

' COLOR FILTERS 

^ I Red and i Yellow Filter in following Diam 
JO mm (seconds) 40e 31 mm (seconds) 70c 

I 3a 5 mm (seconds) 70c 45 5 mtn (seconds) 

37 mm. (seconds) 70s 29 mm (perfect) $1 00 

' (Minimum Order on Abeve — $1 00) 

WAR SURPLUS ACHROMATIC 
LRNSES 

Dla, FL. 

C:omment8 PrU 
fiJU*! >5 4« Cemented 61 

3^ Cemented 71 

*6 y« Cemented SI ( 


Dia. 
in mms 

FL. 
in mms 

Comments 

Price 

U 

41 

Cemented 

60c 

3^ 

Cemented 

75c 

16 

75 

Cemented 

$100 

3a 

13a 

Uncemented 

7Sc 

46 

108 

Cemented 

$100 


All itenti Finely Ground and Poluhtd 
but Ed get Slightly Chipped or Other 
Slight Imperfections Which We Guar* 
antee Will Not Interfere with Their 
Use. Come Neatly Packed and Marked. 


YOU CAN EASILY MAKE 

TslMcopes, Magnifiers* Phetogrspbic Gadgets 
sad Hundreds of Bxpenaents with these Low 
Ceec Lenses. 

To trtnslste millimetar messuremeotaj 29 4 
mm. equals one inch 

8 MM MOVIE PROJSaiNO LENS SET - Sleek 
#4011-1 $120 Postpaid Consists of j 

Achromatic Lenses, diameter 18 mm and a 
focal length when combined of one inch 

SCOOPI CONDENSING LENS SET FOR 95 MM 
PROJECTORS OR ENLARGERS 

Crown optical glass* unsymmetrical convex, diam 
K 2 mms P L 88 mm Set comprises a lenses 

Stock #401M $2 00 Postpaid 

ACHROMATIC OtlECTIVE LENSES with F L of 
193 mms Hsye wider diameter than those used 
tn Army s 7 power binocular Excellent for tele 
scopes Diameters of edged lenses are ab«ut 5J 
mma. 

Stodi #6064-$— Edged and Uncemented— PHee $1 75 

COMPLETE SET OF LENSES AND THE PRISMS TO 
MAKE A MONOCULAR (TELESCOPE) 

These are from the Navy’s 7 Power Binocular 

with s” diameter objective lens 

Stodi #5100-S . . Monocular S^ — $ 5.00 Postpaid 

KELLNM EYE PIECE LINS Focal Length 

I H inches Diameter of eye lens 16 mm 
Diameter of fidd lens ac mm Comes unmounted 
but eye schromst already cemented 
Stodc #6108-$ $1 00 PesHtoid 

95 MM KODACHROME PROJECTING LENS SET 

Consists of a Achromatic Lenses for projecting, 
a Condensing Lenses, and piece of heat absorbing 
glass with complete directions 

Stodc #6097-8 .. S960 Paitpa 1 a 

aEANING BRUSH SET 

For lenses. Optical mat , etc Perfect quality — 
rj inch Flexible Plastic handle, hollow circular 
const Rgnge from stiff to very soft 4 Brushes 
to set 

Stock #504-1 — (Reg $6 00 value) Prieo $1 00 

RETiai sr 

5 assorted, engraved reticles from U S Gun 
sights 

Stock #2095-8 $1 00 Postpaid 

~ TANK PERISCOPE 

Compigte Sit Mounted Components 

• Rugged, strong* originally constructed for 
; U S Tank Corps Consists of a fine Peri 


these Lenses for mskmg Projecting Lenses, 
L^w Power Microscope Olnectives, corrected Magni 
fiCTS* substitute entgreing Lenses, Eye-Piece Lenses, 
Macrophotography* gadgeti* opticssl instruments, etc. 


U S tank Corps Consists of a fine Peri 
scope Mirrors mounted in metal and plastic 
Only plywood body frame is required to 
finish this exceptiimsl Periscope. First sur 
face mliYor is well protected by glass win* 
dows Set weighs aM lbs Overall length 
of mount 654". width aJi". Would normJly 
retail at $40 to $50. 

Stock #700-8 . . $9 00 Complato Set Postpaid 
TWO SETS (4 GNlTt) . SPia AL-$5 JO Postpaid 


ORDM BY Sir OK STOCK HO. . SATISf ACTION eUAKAHTCEO 

EDMIM MLIME COMMNY *P.O.MIIBOI.IEWJEKEf 
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METALS IN INDUSTRY Conducted by FRED P. PETERS 


Industry's Permanent Pull 

Modern Permonent Mognetic Alloys, Two to Ten Times More Powerful 
Than Former Moterials, ore Responsible for Compoct, Efficient Wor» 

Time Energy-Converting Devices ond Will be the Key Elements in Many 
Post-Wor Electricol ond Electronic Products 


A lthough hardly a new device, 
the permanent magnet has 
won so many new friends and en- 
tered so many new fields in recent 
years as to be truly a “modem” 
electrical accessory. This is espe- 
cially true of those made of the 
newer permanent magnet materials, 
with the imusual design, perform- 
ance, and cost advantages ^ey pro- 
vide. 

Permanent magnets are the es- 
sential components of many of the 
familiar conveniences of our every- 
day life as well as of the more 
utUtarian necessities o{ industry 
Phonograph pickups, radio micro- 
phones, electric guitars, automobile 
magnetos, generators and motors, 
radio loudspeakers, electric power 
meters, magnetic separators, mag- 
netic chucks, and thermostats, are 
among the items of modem living 
that are more effective because of 


the highly developed state of per- 
manent magnet materials 

A permanent magnet is a product 
that retains a large part of the mag- 
netism induced in it when “mag- 
netized” (it has a hi^ “coercive 
force”) and whidi can then exert 
a very high magnetic force on other 
magnetic materUds. Permanent mag- 
net materials are said to be magneti- 
cally “hard,^’ in contrast to the 
magnetically “soft” metals like pure 
iron which are much more easily 
magnetized (they have higher “per- 
meabihty”) but retain very Uttle 
magnetic force when the magnetiz- 
mg energy is removed. 

Permanent magnets have been so 
increased m effectiveness and effi- 
ciency in recent years that they are 
replacing electromagnets in some 
devices. Nearly everyone has seen, 
heard of, or wondered about the 
tiny permanent magnets which can 
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lift 60 times their own weight. Such 
magnet materials are responsible 
for some of the most compact and 
efficient energy-converting devices 
in war-time use and will be key ele- 
ments in many of our new post-war 
electrical and electronic products 

The general applications of per- 
manent magnets fall into three 
major classes, according to purpose: 
(1) converting mechamcal to elec- 
trical energy; (2) convertmg electri- 
cal to mechanical energy, and (3) 
tractive effort — ^lifting or holdmg or 
pushing or pulling materials or ap- 
paratus parts. 

In converting mechanical motion 
to electrical energy, the permanent 
magnet produces a magnetic field 
through which a moving conductor 
passes, thereby generating electri- 
cal energy (or ^e conductor may 
be stationary, with the magnets ro- 
tating) The most familiar examples 
of tl^ are the electric generator, 
the dynamic microphone, and the 
phonograph pickup 

In converting electrical energy to 
mechanical, electric current is 
passed through a conductor located 
in the field of a permanent magnet 
so that whichever is rotatable or 
movable, moves. Electric motors are 
a classic example of this, with loud 
speakers a t]^i<jally modem use ' 
(and prior to the war the number 1 
outlet for permanent magnets on an 
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A job for seasoned executives — this 7th War 
Loanl Especially when we've got to make 2 war 
loans total just about as much as all 3 in 1944! 
Putting this over demands the combined and 
continued efforts of the "No. 1" men of Ameri> 
can industry. 

This mejms marshaling your plant drive to make 
every payday — from now 'til Jime 30th — do its 
share toward the success of the 7th. Directing 
the drive is not enough. It's equally important 
to check to see that your directions are being 
carried out — intelligently! 

For example, lias every employee had: 


an opportunity to see the new Treasury film. 


Mr. and Mrs. America”? 


a copy of How To Get miere, the new Finance 
Division booklet? 

a new bond-holding envelope with explanation 
of its convenience? 

i 7tii War Loan posters prominently displa 3 red 
in his or her department? 

I information on the department quota— and an 
urgent persorud solicitation to do his or her 
share? 


WAR LOAN 


Remember, meeting — and beating — your 
highest-yet 7th War Loan quota is a task call- 
mg for "No. 1" executive ability. Your full 
cooperation is needed to make a fine showing 
in the 7th! Do not hesitate to ask your local 
War Finance Chairmeux for any desired aid. 
It will be gladly and promptly given. 
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annual poundage basis) Telephone 
receivers, magnetic recording heads, 
polarized relays, and similar devices 
also ^employ permanent magnets in 
this way, 

TALKING TAPES-Although the 
Bell Telephone Laboratories has 
used endless loops of alloy tape for 
magnetic sound recording for some 
years in their weather announcing 
systems, the advent of the war has 
brought renewed mterest m this 
held. The United States Army is 
now using tape for recording **on the 
spot” developments. The records 
need not be processed but can be 
played back immediately. 

A successful magnetic alloy for 
this application is “Vicalloy,” con- 
taining 6 to 16 percent vanadium, 30 
to 52 percent iron, 36 to 62 percent 
cobalt. This alloy holds more per- 
manent magnetism than any other 
commercial material and, moreover, 
can be rolled and drawn into a thin 
flexible tape A special heat treat- 
ment 18 required to develop suitable 
magnetic properties 

The third functional fleld of use — 
tractive effort — is the one most fa- 
miliar to the average reader and the 
one in which permanent magnets 


sometimes replace electromagnets. 
Here the magnetic force of the per- 
manent magnet is used directly to 
attract magnetic material or other 
magnets. Magnetic chucks for hold- 
,ing work on a lathe and magnetic 
separators for extracting unwanted 
iron from nonferrous metal scrap 
are well-known holding or lifting 
devices using magnets, a ubiquitous 
tension-producing application is the 
thermostat, in which the magnet 
provides a quick make or break in 
the electric^ circuit without the 
use of mechanical springs. The pack- 
ingless drive represents the use of 
permanent magnets for transmitting 
motion without mechanical con- 
nections 

The original permanent magnets 
were made of hardened high-carbon 
steel. Then for many years the best 
materials were a SH percent chro- 
mium steel and a 5 to 6 percent 
tungsten steel These have been 
over-shadowed m importance m re- 
cent years by the so-called cobalt 
magnet alloys and most recently 
by the Alnico materials contammg 
aluminum, nickel, and iron, with or 
without cobalt or copper 

For reference purposes the prop- 
erties of commercial permanent 


PROPERTIES OF COMMERCIAL MAGNET ALLOYS 


MAGNET 

ALLOY 

TYPICAL 
COMPOSITION, % 


MECHANICAL 

PROPERTIES 

FEASIBLE 
METHODS OF 
FABRICATION 

OmmiHm 

ftMl 

3 5 chromium, 1 car- 
bon, bolanco iron 

295,000 

hard, tough 

forgod, punchod, 
mochintd 

Tungtt.n 

StMl 

5 tungston, 1 corbon, 
bolonce iron 

320,000 

hard, tough 

forged, punched, 
mochined 

17 Cobalt 
tfetl 

17 cobalt, 1 carbon 
bolanco iron 

650,000 

hord, tough 

forged; punched, 
mochined 

36 Cobalt 
sttol 

36 cobolt, 3 5 chro- 
mium, 1 corbon, bol- 
anco iron 

930,000 

hard, tough 

forged, punched, 
mochined 

Cobalt- 

nkkal-copper 

Alloy 

41 cobalt, 24 nickol, 

35 coppor 

993,000 

ductilt 

cold -rolled, ma- 
chined, punched, 
cost 

Iron-nicktl- 
coppor AHoy 

20 iron, 20 nickol, 60 
coppor 

1,070,000 

ductilo 

cold- rolled; mo- 
chined; punched 

Cobolt 

molybdonum 

Alloy 

i 12 cobalt, 17 molyb- 
donum, bolonco iron 

1,100,000 

hord, tough 

forged, cost, 
punched, mo- 
chined 

Alnico 1 
ofi6 IV 

12 oluminum, 20-28 
nickol, 5 cobolt, bol- 
oneb iron 

1,250,000- 

1,330,000 

hard and 
unmochinoblo 

cost, sintered, 
ground 

Alnico III 

12 oluminum, 25 
nickol, bolanco Iron 

1330X)00 

hord and 
unmochinablf 

cost, sintered, 
ground 

Alnico II 

10 ohiminum, 17 
nickol, 125 cobalt, 6 
coppor, kolonco iron 

1,tf0,000 

hard end 
unmochlnobl# 

cost; sintered; 
ground 

Alnico V 

8 oluminum, 14 
nickol 24 cobolt, 3 
coppor, bolonco iron 

4,000,000- 

4,500,000 

1 

hord osd 
unmochlnebto 

cost, ground 
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magnet materials are given in the 
accompanying table. The B X 
figure IS the so-called energy-prod- 
uct of a permanent magnet material 
and is tbe usual measure of its ef- 
ficiency as a permanent magnet. 
Note the great difference between 
this value for the older materials 
at the top of the table and for the 
more recent alloys near the bottom 
Alnico V IS a truly phenomenal al- 
loy, being about three times as pow- 
erful as any other permanent mag- 
net material 

MORE POWER, LESS BULK-This 

extra potency of the modem ma- 
terials and especially the Alnico al- 
loys has vastly improved magnet 
design in several respects A most 
important feature is the smaller- 
sized magnets that can be used be- 
cause of their greater magnetic 
force, as shown in the accompany- 
ing bar chart. 

In the case of the n^wer materials 
the mcrease in energy product over 
the old IS proportionately much 
greater than the increased cost, 
with a consequent reduction in cost 
per unit of energy product Thus 
the chromium magnet steel may cost 
three times as much per imit of 
energy product as Alnico V On the 
other hand, such cost-of-perform- 
ance advantages of an alloy may be 
partly or wholly offset by the extra 
cost of fabricating or flnishmg the 
magnet itself, since the new alloys 
are more difficult to work 

The decrease m space required, 
together with the lighter weight, has 
frequently justified higher perma- 
nent magnet cost In addition, the 
Alnico ^nagnets are more resistant 
to demagnetization (often an impor- 
tant factor) either by vibration or 
by stray magnetic fields than are the 
older alloys. The new materials 
show little loss of magnetic force at 
temperatures up , to 900 degrees, 
Fahrenheit, whereas the alloy steel 
magnets suffer appreciable losses as 
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low as 200 to 400 degrees, Fahren- 
heit. 

The new materials reqiiire differ- 
ent production techniques than were 
commonly used for ihe alloy steel 
magnets All depend for their mag- 
netic qualities on appropriate heat 
treatment or **age hardening.” For 
the older materials this may be 
simply quench-hardening; for the 
newer alloys the magnet is heated to 
a high temperature to produce a 
homogeneous structure and then 
either (1) quenched and held at a 
dull red heat for a long time to pro- 
duce a “precipitated” structure pos- 
sessing optimum magnetic quahty 
(and, incidentally, higher hardness) 
or (2) slow-cooled from the high 
temperature to produce the same 
structure and properties The sec- 
ond process is more commonly used 
with the Alnico alloys. 

NEW METHODS— The other differ- 
ences in processmg are radical. The 
tungsten or chromium magnet steel 
m the form of cut rod or bar is hot- 
formed to shape on a press, cooled. 
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Co Co f Cr 

drilled, and machined while soft, 
heated to hardening temperature, 
quenched and ground to final di- 
mensions Such methods cannot be 
used to make magnets from Almco, 
for the latter alloys are hard, brittle, 
unmachinable materials that can be 
made only by castmg nearly to 
shape and then grinding, or by 
powder metallurgy methods (press- 
mg metal powders in a die and 
sintering) 

The smtermg process is ideal for 
small magnets of certain designs but 
has definite limitations above a cer- 
tain size (about 0.1 pound), and 
the bulk of Alnico magnets are 
therefore made by casting and 
grinding The magnetic properties 
of cast and of smtered Alnico of the 
same composition are about the 
same. The cast magnets require 
(Please turn to page 49) 





For Modern 

Lighting and Electronic Applications 

Although specialists in the design and quan- 
tity production of transformers for a quarter 
century, the demands of the past few years 
have brought about many developments The 
requirements for military and essential in- 
dustry purposes have multiplied many-fold 

m Ho# Coffcodo with further emphasis on exactness and uni- 

l\\ con# Lamp Bahast (Bnd 

\\\ of BoHom Laad$). formity 

Transformer specialists before the War— 
great strides have been made in anticipating 
and meeting requirements of greatly varied 
character that have multiplied many-fold for 
military and essential industrial purposes. 

Reports from all over the world emphasize 
the reliability of Jefferson Electric Transform- 
ers Wherever used— on land, sea or in the 
Lumtoovt ri«b« (Mm) fwiiifam..r. a»r-in the frozen North, or hot, dry or humid 

tropics, the value of ‘‘quality** is being dem- 
onstrated daily. 

Now IS a good time to study your transformer re- 
quirements and let Jefferson engineers make recom- 
mendations that will save your time later 

As a first step send for a copy 
of new Booklet 45-V. It is ydurs 
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X TMANSMISSION 


CHEMISTRY IN INDUSTRY CondwctMl by D. H. KlUEFFER 


Infra-Red In Industry 

By Hornessing Forces that Act Outside the Bounds of Humon Senses, 
and Applying Electronic Amplificotion, Chemicol Control Methods 
Hove Been Highly Refined. The Infra-Red Technique is Not Yet in 
Wide Use, but Successful Results So Far Point to Brood Future Fields 


A s PROBLEMS of continuoils and 
automatic processing in the 
chemical industry become more 
complex, electronic devices grow in 
stature. In addition to utilizing heat 
and pressure, control today depends 
upon factors quite imperceptible to 
the human senses to motivate op- 
erations requirmg substantial power 
in their performance Forces too 
famt to be detected by less sensi- 
tive means are magnified by elec- 
tronic circuits until they are able to 
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activate the necessary "controlling 
mechanisms to ke^p the process 
within bounds 

Indeedy the imtiating forces may, 
by their very nature as well as their 
magnitude, be quite outside the 
range of our senses and yet be 
cap^le of carrying on a chemical 
reactiosi in huge amounts of mate« 
rial yAik jbr greater assurance than 
a human operator possibly could. 


Typical of this class are control 
functions based upon ultra-violet 
absorption, pH values of solutions, 
and infra-^red transmission, noiie of 
which is normally detectable by the 
human senses. While the detection 
and even the measurement of these 
values can be accomplished without 
usmg electronic equipment, conver- 
sion of detectors and meters to 
practical controlling devices requires 
electronic amplifying circuits 
In this field, the swiftness of 
scientific development and its ap- 
phcation outside the laboratory to 
plant operating problems are par- 
ticularly well illustrated Although 
many of the basic facts about infra- 
red absorption and its relation to 
chemical structure have been known 
for several decades, their use in the 
laboratory is still far from general 
Only withm half a dozen recent 
years has this technique begim to 
spread, yet it already has been 
adapted to the control of important 
mdustrial operations 
Current huge scale chemical con- 
versions of the hydrocarbons of 
petroleum into aviation gasoline on 
the one hand and mto synthetic 
rubbers on the other have entailed 
dehcate problems of analysis and 
what seemed only a short time ago 
to be msoluble problems of control 
But both analysis and continuous 
control of processes have been ac- 
complished with an ease and com- 
pleteness that suggest further wide 
appheations of the methods em- 
ployed. 

CHEMICAL FINGER-PRINTS- Va- 
rious hydrocarbons m mixtures can 
be measured separately by the use 
of the mate spectrometer, provided 
there is even ^ slightest difference 
in their atomic weights. The method 
is based on inducing unit electrical 


mg the unknown gaseous mixture, 
accelerating the charged particles 
m an electric field, and finally bend- 
mg their paths from the normal 
straight lines by imposmg a magnetic 
field on them. The extent of the 
curvature of the path is a function 
of the mass of the particle, as well 
as its charge, and hence this factor 
provides a method of distinguishing 
among the hydrocarbons m a mix- 
ture Furthermore, it is possible — 
but not yet practicable — to employ 
this method of effecting an actual 
separation of molecules of different 
weights 

This method, valuable though it 
is, fails where the hydrocarbons 
constitutmg the mixture are isomers 
having identical molecular weights 
Special emphasis is placed on the 
several hydrocarbons of four carbon 
atoms m both aviation fuel and rub- 
ber synthesis Obviously, then, a 
method must be employed which 
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will not cmly distinguish between 
the butanes and butenes and other 
hydrocarbons in such mixtures^ but 
it must also recognize differences 
between butane (CHi-CHs^CHa- 
CHs) and isobutane (CHb^-CH- 
(CHs)^)* and between the two bu- 
tenes (CHa-CH = CH-CHs and 
CHa = CH-CHa-CHs) and iso- 
butylene, (CHa ?= C-(CH8)a). 

Necessarily such distinctions rest on 
molecular structure alone and their 
detection can be effected only by a 
mediod taking this into account 
That is where infra-red absorption 
finds its natural field because each 
atomic group within a molecule ex- 
erts a characteristic effect on the 
compound’s absorption for mfra-red 
radiation of a characteristic wave- 
length. The graphic representation of 
the transmission of infra-red of dif- 
ferent wavelengths through any 
compound is quite as characteristic 
of the compound as the signature or 
fingerprint is of a person 
That IS particularly important 
where compounds so similar as the 
C* hydrocarbons are involved Fur- 
thermore, on the basis of differ- 
ences in the absorption spectra, the 
relative quantities of each constitu- 
ent in a mixture can be estimated 
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On the left, the structurol formula 
of isobutane and, right, of butane 


with considerable ease and accuracy 
By selectmg a particular part of the 
spectrum (a narrow band of wave- 
lengths) and usmg it to activate 
the controlling mechanism, the in- 
fra-red transmission of the mixture, 
and hence the percentage of a par- 
ticular compound m it, can be used 
to control the manufacturing pro- 
cess. 

Special peculiarity of infra-red 
radiation is the opacity which many 
materials exhibit to it. Because 
many substances have characteristic 
absorption spectra in this region, 
particular care must be exercised 
in choosing the construction mate- 
nals of the instrument and in ex- 
cluding any compoimds from the 
path of the ra 3 rs to be measured 
that might affect them. Where ex- 
ammations of organic compounds 
are to be made, carbon dioxide and 
water vapor must be carefully ex- 
cluded from the body of the instru- 
ment through which the rays pass 
or, .better, the effect of them allowed 
for in the result. 


The instrument itself consists es- 
sentially of a source of infra-red 
radiation of all wavdengths (a hot 
body), a sample, a prism for dis- 
persing the rays (made of sodium 
chloride or other substance trans- 
parent in the range of wavelengths 
being investigated), and a sensitive 
thermocouple to detect and measure 
the final radiation. Sensitivity is 
greatly improved by using concave 
mirrors to focus and direct the rays 
and to concentrate the final pencil 
of rays on the thermocouple for 
measurement. The voltage gener- 
ated m the thermocouple by the 
heating effect of the rays is detected 
and measured by an extremely sen- 


sitive galvanometer from which a 
graphic record of the transmitted 
spectrum is taken with the help of 
an amplifying circuit employing elec- 
tron tubes. 

AMPLIFICATION IS THE KEY- 

For purposes oi control, the intensity 
of ihe radiation from a constant 
source transmitted throu^ the 
sample at a single selected wave- 
lengtii is measured by the thermo- 
couple and amplified in an elec- 
tronic circuit to an extent sufficient 
to operate the necessapr mechanism 
The sli^test variation in transpar- 
ency of the sample is reflected in 
the transmitted beam Amplification 
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rely on the superior performance of high 

quality binoculars. They know that a far- 

away object on the horizon can be quickly 
identihed with these powerful glasses. The 
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of the feeble initial impulae allows 
a remarkably effective control to be 
worked out and applied to even the 
complicated equipment of both the 
aviation fuel and the synthetic rub- 
ber industries. 

Once the transmitted infra-red 
ray has been detected and its effect 
amplified, the remainder of the 
controlling mechanism and its plan 
are identical with those based on 
pressure, temperature, and other less 
abstruse variables. The objective 
of all such arrangements is to ex- 
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ercise control over an operation in 
continuous progress and to make it 
so quickly effective that the process 
has no opportimlty to get out of 
hand 

In the petroleum chemical mdus- 
try, for example, automatic control 
IS vital to most processing steps 
These are commonly carried out in 
continuously flowing streams of gas 
or liquid as they move through 
heated or cooled zones and past 
catalysts which influence funda- 
mentally the chemical changes oc- 
curkig. Because these processes are 
practiced on a vast scale, the slight- 
est variation from the established 
values for even a tiny mterval of 
time may waste important amounts 
of materials or even, in the extreme 
case, lead to disaster. 

The plant operator strives to con- 
duct his processes at just the point 
of greatest yield of his desired prod- 
uct and this may fall on a narrow 
edge of efiiciency between areas of 
wasteful under- and over-conver- 
sion. This is particularly true with 
such delicate reactions as that which 
converts various hydrocarbons into 
butadiene, essential raw material in 
S3aithetic rubber. The desired prod- 
uct is more delicate and unstable 
than any of the pther compoimds 
likely to be present and hence is 
readily destroyed if conditions are 
not controlled with great precision 
m the narrow optimum range. 

EFFECTIVE INSTRUMENTATION-- 
The same thing is true in varying 
degrees of all chemical processes. 
tTi^er one set of conditions they 
proceed in an efficient and orderly 
manner and can be Conducted con- 


tinuously with hi^ output. If criti- 
^ variables are allowed to drift 
outside optimum ranges, continu- 
ous processes become wasteful in 
the extreme Seldom can human op- 
erators respond with the requisite 
speed to the demands of the process 
and hence it is out of the question 
to attempt to design or operate an 
automatic or continuous process im- 
til effective instrumentation has 
been developed for it. In this respect, 
electronic amplification has proved 
a tremendous boon to the industry. 
Necessarily the variation of any fac- 
tor required for control must be 
tiny to prevent trouble and that 
reqiures extreme sensitivity m the 
controller; but, at the same time, 
the force required in exercising any 
control IS entirely out of proportion 
to the power usually available from 
a sufficiently sensitive unit That 
makes an ideal field for electronic 
amplifiers; industry, made to reahze 
their high value by their perform- 
ance on wartime tasks, will be quick 
to use them in post-war operations. 

Havmg used infra-red spectro- 
scopy as an example pf electromc 
control m the chemical mdustry, it 
would be negligent not to describe 
more of the important uses of this 
valuable tool A decade ago, infra- 
red spectroscopy was so imfamiliar 
to even the scientist that it was 
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considered scarcely more than an 
abstruse scientific toy Within the 
intervening few years, its value has 
been so proved on both military 
and civihan problems that few re- 
search laboratories will be able or 
wilhng to get along without its help 
Developments in the instruments 
based upon it have progressed to 
the point where simplifi^ models 
now available axe sensitive as well 
^ rugged and sturdy, qualities ab- 


sent from their earlier prototypes in 
the scientific laboratories. The pres- 
ent instruments can be readily used 
in the normal plant environment 
whereas the older infra-red spec- 
troscopes required to be isolated in 
a vlrti^ dungeon to get away from 
disturbing influences. 

TIRES ANALYZED-Already men- 
tioned has been the problem of dis- 
tinguishing between the C4 hydro- 
carbons by the infra-red method 
as one of its outstanding achieve- 
ments. Quite as striking was its use 
to analyze tires captured from the 
Germans to determine their content 
of natural and synthetic rubbers and 
the kinds of synthetic used With 
infra-red methods this question was 
settled in a few hours whereas it 
might have required weeks by 
other methods, if indeed it could be 
solved at alL Production of toluene 
from petroleum has become quite as 
vital to our war-making potential 
as that of synthetic rubber It, too, 
presented a problem in analysis and 
control which yielded quickly and 
easily to infra-red spectroscopy but 
was extremely tedious and difficult 
by more usu^ methods. There are 
many other examples only a little 
less strikmg 

The intricacies of many orgamc 
compounds have been revealed by 



of an tnfra-nd spcefromelcr 

these methods. Each part of the 
complex structure of an organic 
chemical compound affects the ab- 
sorption of infra-red at a charac- 
teristic wavelength and thus sup- 
plies invaluable clues to the entire 
structure by showing what parts 
compose it. The different effects of 
different atomic groups within the 
molecule are characteristic and are 
affected only sli^tly, if at all, by 
other groups present. In the *hm^ 
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It t$ no longtr neceoary to handle tare strictly mechanically 
through time contummg sliding tare poise or adjustable 
dials. It can now be done by electronics, the magic of 
combining mechanical and electrical principles. The NEW 
electronic tare compensator has a range of from a few 
grains to several pounds ... is standard equipment on 
EXACT WEIGHT Electrograph but can be installed on 
all EXACT WEIGHT models when specially ordered by 
production engineers. This is a revolutionary new principle 
for use in accurate, high speed production line weighing. 
Production engineers may secure all the facts by writing our 
engineering department. 
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of an exjpenenced worker, an infra- 
red spectrogram becomes a virtual 
blue-pnnt of the structure of the 
compound. The extraordinary va- 
riety of the spectra produced by the 
many thousand organic compounds 
employed in today’s indxistry makes 
this the most effective method of 
distinguishing between them. Fur- 
thermore, the known relationships 
between structures and spectra pro- 
vide the keys to the mysteries of 
many new and unknown com- 
pounds. 
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PROTEIN RECOVERED 

From Still Waste by 

Use of Waste Lignin 

Addition of small amoimts of lignm 
from the waste liquor of sulfite 
pulp manufacture to the waste from 
alcohol stills operating on grain, 
precipitates most of the protein m 
convenient form to filter, according 
to a recently published research re- 
port of the Overly Biochemical 
Research Foimdation 

Distillers have always had trouble 
disposing of their wastes largely 
because they contain proteins But 
proteins are also valuable food- 
stuffs. The present technique pro- 
vides an mexpensive way to remove 
the valuable proteins from the still- 
age slops In a sense it is a case of 
“setting a thief to catch a thief,” 
smce both stillage waste and sulfite 
liquor are noxious substances, dif- 
ficult to dispose of Addition of lig- 
nin to the stillage waste causes the 
protein to precipitate out in an easily 
handled form for recovery Not only 
IS food value conserved but pollution 
of streams by the wastes is pre- 
vented 

USEFUL GLYCOLS 

Are Bases of Many 

Drugs and Cosmetics 

An unusual family of chemicals 
are the higher polyethylene glycols, 
with uses ranging from shoe polish 
to hair dressings, and from medici- 
nals to glazing of china. They are 
both unctuous and water-soluble, a 
combination of properties never be- 
fore available in smgle compounds, 
C. P. McClelland and R L. Bateman 
explain in a report to the American 
Chemical Society. 

These products are commercially 
available now m four liquid and five 
waxlike solid forms, the latter known 
as Carbowax, and have broad uses 
in many different industries. 

Each is actually a mixture of sev- 


eral polymers and each represents a 
band of molecular weights Their 
properties vary with molecular 
weights. The meltmg pomts, flash 
points, specific gravity, viscosity, 
and aqueous solubilizing actions all 
increase with increasing molecular 
wei^t, while water solubility, vapor 
pressure, hygroscopicity, and solu- 
bility in organic solvents generally 
decrease with increasing molecular 
weight. 

Hair dressings, hand lotions, sun- 
tan creams, leg lotions, and skin, 
powder .base, and shaving creams 
have all been made by leading cos- 
metic manufacturers from these gly- 


cols. A number of specialty creams, 
including ink removers, are also 
based on them. 

The use of these compounds m 
pharmaceutical omtments has de- 
veloped rapidly and shows promise 
of becommg even larger Sulfanila- 
mide and sulfathiazole are both sol- 
uble in the hi^er i>olyethylene 
glycols. Sulfadiazine and sulfapyri- 
dme are less so. Thus, unctuous 
bases such as Carbowax compound 
15(K) serve as ointment vehicles for 
these drugs, while the harder 
polymers, Carbowax compoimds 
4000 and 6000, function as dusting 
vehicles for them#* 
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IN OTHER FIELDS Conducted by Tha Staff 


Cathodic Protection 


Pipelines ond Other Underground Metallic Structures ore Constontly 
Subject to Corrosion Caused by (Saivanic Currents. Control of Such 
Corrosion Con be Obtoined by the Use of Buried Anodes Which Set Up 
Counter Potentiols. Masses of Mognesium Offer a Ready Solution 


By L. H. WOOD/AAN 


M agnesium, the versatile light 
metal which, after a quarter 
century of obscurity, bloomed sud- 
denly into wartime prominence and 
now holds promise of changing 
many of our established concepts 
of tomorrow through the reduction 
of useless wei^t, is becoming, 
strangely enough, an ally of steel 
pipe. 

A simple cylinder of the metal, 
foiu* inches in diameter and 16 inches 
or more in length, may be the key 
to savmg the nation’s consumers of 
gas, oil, and water millions of dol- 
lars annually in costs of replacing 
and repairing con*oded imderground 
pipelines The results of laboratory 
research and field tests carried on 
by The Dow Chemical Company 
indicate that the use of these mag- 
nesium cylinders in cathodic protec- 
tion of underground pipelines will 
be an effective and economical pro- 
cedure and will at the same time 
offer a substantial market for sec- 
ondary (reclaimed scrap) as well as 
primary magnesium. 

Gas, oil, and utihty companies op- 
erate hundreds of thousands of miles 
of buried pipelines, totahng more 
than double the combined mileage of 
all railroads in the United States, and 
this tremendous network is imder- 
going constant expansion While a 



. 
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variety of protective coatings are 
employed to retard corrosion of 
these vital and costly lines, pin- 
holes and breaks in such coatings 
occurring durmg the laying of the 
line appear to be inevitable The 
method of cathodic protection has 
been found most effective not only 
in arrestmg and preventing corro- 
sion through these pinholes and 
breaks but also in preventing cor- 
rosion of bare pipe 
Corrosion of underground metal 


tanks, foundations, pipelines, and 
similar structures is engendered 
chiefiy by galvanic electrical cur- 
rents. Such currents are set up by 
impurities in the metal, soil varia- 
tions, and numerous other causes 
impossible to predict or to control 
effectively In this action the corrod- 
ing areas of the metal assume the 
characteristics of electrical anodes, 
the current passing through the 
moist soil to oilier areas of the metal 
whifch act as cathodes As the cur- 
rent leaves the surface of an anodic 
area of the metal it carries with it 
iron ions which combine with oxy- 
gen to form iron oxide As this ac- 
tion continues a pit is formed which 
gradually becomes deeper and even- 
tually, in the case of a pipeline or 
tank, results in leakage as hi the ex- 
ample illustrated at the left. 

OUTSIDE CURRENTS— It has long 
been recognized that if these cur- 
rents could be prevented from leav- 
ing the surface of the metal, such 
corrosion could be prevented Thus 
was developed the system of cathodic 
protection, which ihvolves changing 
the anodic areas of the buned metal 
to cathodes by introducing from an 
outside source a current stronger 
than the i>otential in the metal being 
protected This idea was first em- 
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ployed by Sir Humphrey Davy in 
1829 for preserving copper 

sheelhing on aUpe, but only in re- 
cent yearn has the principle been 
appli^ to buried metallic structures* 
Conventional procedure has been to 
employ an anode of carbon or a 
bed of scrap-iron buried near the 
structure to be protected and con- 
nected to the positive side of some 
source of direct current. A return 
wire connects the protected struc- 
ture with the negative side of the 
power source Thus current is 
caused to flow into the metal 
throu^ the soil. The potential of 
this current is sufficient to overcome 
the potential of outward currents of 
the galvanic action, thereby elimi- 
nating the cause of corrosion 
This method obviously entails 
some source of power. Where alter- 
natmg current hnes are available, 
rectifiers may be used Where no 
such facilities are at hand, wmd- 
driven or engine-driven generators 
are commonly employed However, 
since extensive pipelines require a 
series of anodes placed at intervals 
along the hne, this method neces- 
sarily mvolves rather complex and 
costly electrical installations 

SELF-GENERATED POTENTIALS - 

A more simple and economical form 
of cathodic protection, therefore, 
involves the use of an anode made 
of some material havmg m itself a 
higher potential than the metal to 
be protected, which will thereby set 
up its own current by galvanic ac- 
tion without the necessity of an 
outside source of power. It is this 
prmciple which is employed to ad- 
vantage by using magnesium anodes 
Zinc anodes have been employed 
in the same manner They give a 
driving voltage against iron of 04 
to 0 5 volts which is generally suf- 
ficient to afford protection Zinc, 
however, tends to polarize gradu- 
ally, thus givmg less and less pro- 
tection as time goes on Because of 
this factor the degree of protection 
at any given time after installation 
of zinc anodes is problematical, 
polarization not taking place at a 
constant rate While zinc of very 
bijSh purity has shown little tend- 
ency to polarize, its use increases 
the cost of the anodes considerably. 

The work done by Dow now shows 
that anodes of certain alloys of mag- 
nesium have a driving voltage 
against iron of fippyoximately 1.0 
volt, or roughly twice that of zinc, 
that they show no polarization, and 
that these alloys can be readily and 
economically cast from either scrap 
or primary magnesium. While ti^e 
connecting wires must be welded 
to the pipe to be protected} the 
anodes themselves may be put dowio 


with a post hole digger or sudb 
other convenient means as soil con- 
ditions may dictate. Skilled elec- 
tiicians are not required as in the 
case of the outside power installa- 
tions and the actual costs of the mag- 
nesium anode mstallation are rela- 
tively low. 

ALL UNDERGROUND - Another 
factor in favor of both zinc and 
magnesium anodes is that there need 
be no equipment, or even wires, 
above groqnd to invite vandalism 
That this seemingly insignificant 
pomt can be a matter of real im- 
portance is illustrated by the wryly 
amusing story told of a firm hav- 


ing extensive pipelines running 
through a remote section of South 
America. Wind-driven generators, 
employed with scrap-iron cathodes, 
kept disappearmg and replacement 
was becoming a substantial cost 
item when the company's engineer 
discovered that members of the na- 
tive tribes simply did not 'Vate" 
"unless they had one of those “wmd- 
miils" to decorate the front of their 
hut 

Magnesium anodes have been cast 
principally in 14-pound cylmders 
with six-foot lengths of wire cast 
into one end for makmg the con- 
nection to the pipe Such factors as 
depth of installation, distance from 



Here's one industry where only the best equipment and mochine tools ore used, yes sir! 
Thot is why you'll find the DoALL Contour Machine right up in front — in tool rooms, 
mochine shops, on production lines. 


Fostest method todoy for mochining metals, alloys, lominotes, plastics, plywoods — the 
DoALL cuts through blocks, bors, tubing, stacked sheets — stroight line or contour 
shaping — external and internol work 

Plone makers know their stuff — toke o tip from them Investigate the DoALL right now 

See DoALL Work Reed About DoALL 

Frpm yowr nporett DoALL torvico branch, a Writ# for illustratod litorafure givino comporotivt 
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onitrot# its many uses, right In your own plont mofhodt 
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* pipe and spacing along the line are 
dependent upon soil conditions, pro- 
tective coating of pipe, and many 
other variable factors which must 
be determined in each case by cor- 
rosion engineers The service life 
of a given mass of magnesium is 
likewise governed greatly by soil 
conditions, and it appears likely that 
anodes eventually will be cast m a 
variety of weights so that the cor- 
rosion engineer will be able to ob- 
tain sizes calculated to give, for ex- 
ample, two years, or five years, or 
perhaps ten years of service under 
known soil conditions Various 
shapes and core arrangements are 
also imder investigation. The 14- 
poimd cylinder might be said to 
have a service life of approximately 
four years under “average” soil 
conditions, although corrosion engi- 
neers will hasten to declare that 
there is no such thing as an “aver- 
age” soil 


m 9 ^ 


CORROSION LOSS 

ftofed os 2 Percent 
Annually of Iron and Steel 

Afproxxmately 2 percent of the 
total weight of iron and steel in use 
in this coimtry is lost annually due 
to corrosion and must be replaced, 
according to Dr. Hugh McDonald, 
director of the corrosion laboratory 
recently established at Illinois In- 
stitute of Technology. 'That per- 
centage Is an important item in war 
time. Through research we are at- 
tempting tcf cut the loss.” 

The only educational and research 
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center stressing corrosion in the 
United States, the laboratory will 
carry on a basic, long-range research 
program on the fundamental theory 
of the mechanism of corrosion 
processes and control, and will serve 
as a center for graduate instruction 
in the science and engmeering prob- 
lems of corrosion 

Dr McDonald adds that the prob- 
lem will become of even greater 
importance in the post-war period 
when thousands of tons of mtricate- 
ly-built equipment will be stored in 
government warehouses for periods 
of from 30 days to perhaps 20 years 

POWER TRAINS 

Generate Electricity Needed 

At Fighting Fronts 

Mobile electric power trains are 
one answer to pushmg back the 
enemy and “setting up shop” in the 
midst of blown-up power plants 
By the use of railroad cars of 
special design moimted on standard 
trucks, tanks, trucks, and other war 
equipment can be repaired close to 
the front The idea, an American 
one, has been a god-send to the 
Russians 

This portable power comes m the 
form of a tram of 10 railroad cars 
easily transported to devastated 
areas to provide power and light 
within a few hours Specially de- 
signed steam boilers are bemg made 
for mobile power imits at The 
Baldwin Locomotive Works The 
boilers are shipped to the American 
Car and Foimdry plant, where they 
are mounted on cars with other ap- 
paratus supplied by General Electric 
and its subcontractors and shipped 
as an assembled power train 

Each power train consists of two 


boilers, two tenders carrymg coal 
and water, one car containing auxil- 
iary equipment, another containing 
the main turbine, generator, and 
surface condenser, and three oars 
containing equipment to cool con- 
denser water. In actual operation 
a tenth car is added to serve as crew 
quarters 

These mobile power plants on 
their own wheels are hauled by 
railroads to the site, spotted on a 
smgle track and need only the con- 
nection of steam pipes, water pipes, 
and electric cables, all carried on 
the cars, to be ready for operation 

The power tram is designed for a 
continuous output of 3000 kilowatts, 
using coal having a heating value 
of less than 7000 Bt.u. per pound 
This heating value is much lower 
than that of the poorest grade of coal 
obtainable in the United States 

COLOR CONDITIONING 

Of Industrial Interiors 

Brings Higher Production 

Functional color for industiial in- 
teriors to improve employee effi- 
ciency, health, and comfort will be 
a post-war reahty Described as the 
science of determining the correct 
industrial color environment for 
maximum vision, the system has 
been developed by Du Pont in col- 
laboration with Faber Birren, lead- 
ing mdustrial color authority. Among 
the benefits of “color condition- 
ing” are listed mcreased produc- 
tion, improved quahty of workman- 
ship, and reduced personal mjuries 

The technique is designed to pro- 
tect employees against eyestram by 
reducing glare and ebmmating ex- 
treme contrasts between light and 
dark It recommends restraint in us- 



SCfENTlFiC AMERICAN • JULY 1945 




Nowl Shop Measurements to 
One Millionth of on Inth 
With Simple Light Wave Setupl 

Tho wove length of light is the basis for this amazing 
new optical measuring equipment — which measures 
millionths of an inch as easily as a micrometer meas- 
ures tenths! All that is required, in addition to a 
simple setup, is average eyesight, intelligence and 
arithmetic. 

At shewn obeve, the work was placed under the 
Monochromatic Light, upon the work and gauge 
block— and covered by the optical flat. The light, re- 
flected back to the operator, oy the top and bottom 
surfaces of the optical flat, creates interference bands, 
representing height intervals of 1 1 6 millionths of an 
inch So that from the center of one dark band to the 
center of the next, the level of the work has risen or 
fallen 116 millionths of an inch. The bands, simply, 
are a contour map of the surface This fact, in a 
simple mathematical formula, is suffiaent to explain 
all me shop uses of optical flats, and give the work 
measurement, quickly and accurately. 

No longer, however, can your dealer give you 
Wngley’s Spearmint Gum Today, under present 
conditions, tliis produa cannot be manufactured up 
to Wngley*s auality standards. To protect consumer 
and dealer alike, the makers of Wrmley’s Spearmint 
have decided to keep the quality Wrigley's Spear- 
mint wrapper empty Remember this wrapper, it 
means chewing gum of finest quality and flavor. 

You can yt compUtt tnformatson from 
Acme Sctmtific Division of Acme Industrial Cs., 

200 No, Laflm St , Citcay 7, III, 



The Monochromatic Light. 



Opticol Plot. Surface of Work. 
Interpretation of bands on 
truly flirt suffaces* 
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mg color, especially distracting, 
over-stimulating hues, as well as 
abolishing li|^t-robbmg and danger- 
ous dark areas, 

Research findings have deter- 
mined correct colors for factory 
walls, for machines, and for back- 
grotmds withm the field of vision 
Surveys of entire plants where an 
mtegrated color system has been put 
m ^ect from &ont to rear door 
demonstrate that umform wall, dado, 
and equipment painting, with a 
**change of pace*' for corridors, stair 
wells, and washrooms, yield bene- 
ficial results as revealed in com- 
parative safety, production, and ab- 
sentee records Only a few colors m 
combmations need be utilized, the 
studies show 

New* colors have been developed 
for industrial mteriors. These are 
not decorator's colors in the bright, 
clear range, but hues subdued in 
tone and unobtrusive and practical 
In selecting the colors, illuminating 
and color engineers studied light- 
refiectance qualities, hue character- 
istics, influence of different kinds of 
illumination, and psychological 
characteristics 

PLANE ENGINES 

Will Be Carefully Chosen 

To Give Greatest Safety 

Extreme caie in the selection of 
aircraft engines to fill specific needs 
m post-war operations will be re- 
quired by new standaids of service 
and safety m commercial air Ime 
operations, according to Charles 
Froesch, chief engineer of Eastern 
Air Lmes. 

“While the air transport operator," 
says Mr Froesch, “is reconciled to 
the thought that the conventional 
type of reciprocatmg mternal com- 
bustion engine will be used for sev- 
eral years more, he is, nevertheless, 
following the development of the 
gas turbine with interest Its sim- 
plicity and relative ease of installa- 
tion are temptmg characteristics, but 
its low thermal eflSciency, as re- 
flected by high specific fuel con- 
sumption, is at present a serious 
disadvantage This will imdoubtedly 
be overcome by the development 
of materials which can stand higher 
operating temperature, but with 
them may come greater difficulties 
of thermal nature, which engineers 
have been trying to remedy in the 
present type of engmes. 

“Transport aircraft designed be- 
fore the war," Mr. Froesch con- 
tmues, “as a result of air-line op- 
eratmg experiences with the Doug- 
las DC-3’s for many years, were put 
in mass production during the pres- 
ent coniffict and utilized far more 
than was anticipated* These aircraft 


have been operated with loads and 
at speeds which were not thou^t 
to be safely possible. Operational 
characteristics have been developed 
and experimental testing of newer 
equipment indiegtes that we have 
grown technically to a point where 
our pre-war thmkmg must be ad- 
justed." 

Mr Froesch goes on to say that 
there is general agreement « that 
two engmes ai^ ;the minimum re- 
quirement for flight safety, since 
the earners will *he flying in more 
difficult weather than heretofore. 
Size of the engme selected depends 
to a large degree on the total num- 
ber of engines used and the type of 
operation for which a plane is de- 


signed, he adds, notmg that imder 
Civil Aeronautics regpilations twm- 
engine planes are required to de- 
velop higher total take-off power 
than planes eqmpped with four- 
engine power-plants. 

GOOD FROM WAR 

Seen by Scientist 
In Optical Appliances 

Seven War-to«b optical mventions 
which have important post-war ap- 
plications are cited by Dr. K D. 
Tillyer, research director of the 
Amencan Optical Company, as con- 
crete evidence that some good has 
come out of the tragedy of war, ^Rie 
inventions, he says,, were developed 
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to fill certain military n^eds and 
are now aiding the war effort. They 
mclude: 

1. A new method of reducing light 
reflections, useful in removmg an- 
noying or dangerous glare from auto 
wmdshields, shop windows and 
cases, paintings, photographs, and 
instrument and camera lenses 2. 
New charts for testing color blmd- 
ness, which makes the Umted States 
independent of Germany and Japan, 
previous sources for such charts 3 
New types of sun glasses and goggles 
which provide maximum eye com- 
fort outdoors by absorbing annoying 
glare and mvisible rays. 4 A new 
all-plastics artificial eye which nvals 
a human eye in color and appear- 
ance, resists breakage and corro- 
sion, and can be re-shaped to fit the 
eye socket precisely and therefore 
comfortably. 5. A new absorptive 
weldmg glasi which permits gas 
welders to look through blinding 
glare and see welding operations, 
thus speeding production and pro- 
tecting eyes. 6. A new glass which 
offers resistance to hydrofluoric 
acid which dismtegrates ordinary 
glass It is useful for safety lenses 
and laboratory glassware 7 A new 
process of annealing or heat-treat- 
mg optical glass, which stabilizes 
the glass and makes possible im- 
proved types of lenses. 

ALL-WELDID HOSPITAL 

Will be Erected When 

Materials Are Available 

P RXLiMiNARY details have been 
worked out for what is believed 
to be the first all-welded hospital 
building in the country The 18- 
story structure embodies the most 
progressive ideas in modem design 


and furnishes a significant clue to 
the general type of building con^ 
struction that can be expected as 
soon as restrictions on material are 
lifted 

It IS proposed that the framework 
of the new unit, to be known as 
Kahler Hospital, will be designed 
as a continuous structure of beams 
and their connecting members, weld- 
mg details of which are based on 
past analysis and conform to gen- 
eral engineermg acceptance. 

In preparing the specifications, 
the architects, accordmg to the Lin- 
coln Electric Company, discarded 
all concepts of riveted construction, 
which tends to restrict the range of 
apphcation of certain weldmg de- 
tails 

The hospital building, to be 
erected at Rochester, Minnesota, 
will cover an area of feet by 270 
feet, or about half a city block, and 
will be built of welded steel with 
concrete floor slabs 

WEATHER MACHINE 

Creates Ram and Sunlight 

To Test Materials 

Known as a weather-ometer, a new 
machine provides conditions equiva- 
lent to sunhght at noon in June, 
and a water spray of varying m- 
tensity to simulate rain It allows 
the effects of sunhght, periodic 
rain, and temperature changes on a 
material under test to be determined 
m advance. 

Light and water spray periods are 
automatically controHed Inter- 
changeable nozzles determine the 
volume of water delivered, with the 
material imder test controlling which 
shall be used. One of the automatic 
controls allows the light to remain 
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iniarting e test: sompls of moroHcil 
in thi new 'Veotfier-moking" machine 


on for the test period and drenches 
the material with water for three 
minutes every 17 minutes Other 
controls permit mterruption of the 
light and startmg of the water spray 
at mtervals 

One of the major tasks of the ma- 
chme as used by B. F Goodrich is to 
evaluate the weathering ability of 
Koroseal to see that it measures up 
to specifications. 

ACTIVATED CARBON 

Has Extended Surface 

For Chemical Absorption 

A CHEMICAL cousm of both diamond 
and coke, activated carbon is a 
powerful tool of many mcreasmg 
uses, rangmg from hfe-savmg ser- 
vice m gas masks to salvage of a 
host of valuable materials A smooth, 
soUd, one-inbh cube of chalk has a 
surface of six square mches, but 
*^the same weight of the best acti- 
vated carbon possesses an available 
surface of 59,400 square yards or 
about 12 acres,” Drs Ernst Berl 
and Walter G. Berl of the Carnegie 
"Institute of Technology explain m 
summarizing research m this field 

Activated carbons can be tailor- 
made to fit various needs, and the 
large, pitted, and porous surface 
“is a powerful tool for the adsorp- 
tion, elimination, or recovery of a 
host of desirable and undesirable 
substances. 

“Most war and mdustrial poisons 
in concentrations that would be nn- 
mediately fatal if inhaled are filtered 
out completely in less than 1/100 
seccmd contact. 

“Valuable solvent vapors, as ether 
and alcohol in the production of 
rayon or smokeless powder, which 
are carried off by air during the 
drying operation, are completely re- 
covered on passing throu^ be^ of 
activated carbon. They can be s^- 
arated and revived by extraction 
with live steam. Similarly, valuable 
liquid gasoline ^fractions in natural 
gas or benzene m coke oven gas can 
be separated conveniently.^ 
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Metals In Industry 

(Continued from page 39) 

especially close control during the 
melting and pourmg operations, 
with induction heating equipment 
virtually essential 
A very recent development hold- 
ing much promise for the produc- 
tion of Alnico magnets of larger size 
and greater intricacy is the use of 
the precision (*‘lost wax”) casting 
method for making such magnets 
This overcomes the machinability 
limitation by permitting the direct 
casting of the magnets to very close 
dimensional tolerances and with 
satisfactory magnetic propeities 
Thus we see modern methods — 
powder metallurgy, induction melt- 
ing, precision casting — coming to 
the aid of a new mateiial whose po- 
tentialities could not othei-wise 
have been fully utilized because of 
noimal processing limitations We 
may confidently expect continued 
improvement in permanent magnet 
materials and a steady expansion in 
then overall use m electrical and 
electionic equipment 


^ ^ ^ 

CORROSION PROTECTION 

Afforded to Steel by 
Stiver Cladding 

Add to the modern clad metals with 
bright possibilities for the future 
silvei -clad steel used in chemical 
and petroleum industry equipment 
that will handle hydrofluoric acid 
in high octane gas production and 
also resists chlorinated solvents 
Silvei-clad steel is superior, it is 
said, to silver- lined steel because the 
former has bettei heat conductivity 

INDUCTION HEATING 

Has Great Advantages 
In Metal Forging 

Large-scale application of the m- 
duction method to forging-heatmg 
has shown a particularly rapid 
trend durmg the war Because in- 
duction heatmg is at its best in high- 
production apphcations, it was the 
obvious selection for a large part 
of the war-bom forgmg capacity of 
the nation This trend was accel- 
erated both by the lack of skilled 
forge-plant help and by the op- 
portunity to bv^d new plants and 
install new forging capacity with- 
out havmg to write-off existing fa- 
cilities. 

A recent survey of operating con- 
ditions has turned up some inter- 
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esting data. For example, induction 
heatmg produces virtually no scale, 
while furnace heatmg produces 
scale amounting to as much as 6 per- 
cent of the total weight of the 
heated piece, the elimination of scale 
not only saves metal but often ex- 
tends die life 300 to 400 percent 
Again, heating times are very 
rapid A 1%-mch diameter steel 
bar comes up to 2300, Fahrenheit, 
in eight seconds and a 3 -inch di- 
ameter bar in two minutes, by m- 
duction heatmg, whereas much 
longer time would be required by 
ordinary methods 
When heatmg bar stock lai ger 
than %-inch in diameter it is pos- 


sible to use the lower fiequencies 
produced by motor-generator sets 
rather than spark-gap or electronic 
oscillators Bars larger than two 
inches can be economically heated 
for forging only with frequencies 
as low as 960 cycles per second 
An intei esting pomt is that, al- 
though the electrical efficiency of 
heating nonferrous metals mduc- 
tively IS less than that for steel, 
the powei lequiiements to heat to 
forgmg temperatures are no highei 
foi the nonfeirous metals — simply 
because the nonferrous metals have 
lower forging temperatures, they do 
not have to be raised to as high 
tempeiatures as steel 




New Products 

«nd Processes 


VACUUM PUMP 

fn Compact Unit, 

Easy to Uso 

CiOMPLETi: high- vacuum pumping sys- 
tems, m new compact units for direct 
connection to the vacuum lines to be 
evacuated, are now available in vari- 
ous capacities Each consists of a me- 
chanic^ forepump, diffusion pump, high 
vacuum valves, gages, and control 




Peckoged vacuum pump, on castors 


panel Mechamcally refrigerated traps 
are built in on special order 
These unit systems are simple to 
operate and eliminate the necessity of 
setting up complicated high vacuum 
pumping systems Only one connection 
is necessary The unit is fully automatic 
and mcorporates various safety and 
protective features Vacuum conditions 
are indicated continuously on the con- 
trol panel, and recorders may be used 
Development of these “package-type*’ 
vacuum -producing imits is credited to 
the Vacuum Engineering Division of 
National Research Corporation 

GIANT LENS 

May bo Used in 
Aerial Map-Making 

A PHOTOGRAPHIC lens with a built-in 
heating system has been designed for 
the Air Forces and soon may be pro- 
duced by the Eastman Kodak Com- 
pany The lens is a 4ifl^ch monster 
for aerial photography, and the thermo* 
statically controlled electrical warming 
device in the mount will operate when 
the lens is used m the cold upper 
regions. Without it, the metal of the lens 
mount would du^k enough at low 
temperatures to throw the lens out of 
focus. 

By interlapping successive “shots” 


taken at heights of eight miles or more 
with the new lens, 9-by-J8-inch pic- 
tures can be made into a giant-size 
map of a countryside that will reveal 
detail far more clearly than pictures 
previously taken at the same altitude 
When used with infra-red film, the 
new lens is expected to aid gready m 
the detection of camouflage Its use 
with color film will help to point up 
obscure detail 

DOUBLE FLARING 

Made Easy with 

New Machine 

DOUBLE flaring or lapping machine, 
developed at the request of aircraft 
manufacturers, is expected to have 
wide application in industry It pro- 
duces a double thiclmess of metal on 
flanges or flares, thereby enabling the 
tube to hold a much greater working 
pressure and to have greater resistance 
to failure at the connection 

Manufactured under the trade name 
of Tube Master by the Leonard Pre- 
cision Products Company, the machine 
18 simple m operation and requires 
little skill No hand tools are neces- 
sary 

To change the size of dies, the op- 
erator unscrews the face plate and in- 
serts the proper size dies The tool bar 
slides out of the head for change of 
punches While the machine is in- 
tended for nonferrous tubing sizes H 
inch to ^ inch, special dies can 
furnished to handle annealed ferrous 
tubing, sizes % inch to % inch Model 
DF, now available, is entirely pneu- 
matic m operation, requiring an av- 
erage of 100 pounds air line pressure. 

PLASTICS COATINGS 

Preserve Wine Flavor, 

Prevent Corrosion 

P LASTics protective coating may be re- 
sponsible for a natural taste in wine and 
brandy which otherwise might acquire 
cloudiness and metallic flavors from 
storage in bare steel or concrete vats. 
Other coatings of the same plastics fam- 
ily keep aviation gasoline, stored in 
concrete tanks, similarly free of con- 
tamination, while still others protect thq 
outer parts of steel idiips from the action 
of sun, wind, and wave In the same 
way, the steel water control gates of 
giant canals are preserved from the de- 
stroying effects of the acids and minerals 
in the water and alternate wetting and 
drying in the hot sun. 

Piroducers of wine and brandy were 
among the first to discover that ^*Vmy- 
Ute" plasties coatings developed by 
Americaii Pipe and Construction Com- 


pany, would prev^t contamina^on by 
iron or calcium salts from the steel or 
concrete of die tanks in which they 
were made and stored. These same resins 
have alleviated, if not removed, the cor- 
rosion and '’contamination problems of 
the fuel and fiish storage timks of tuna 
clippers These tanks are alternately 
filled with fuel oil on the trip out to the 
fldimg grounds and with refrigerated 
salt brine and fish on the way back. 
The combination of alternating exposure 
to fuel oil, salt brine, ftdi oils, and freez- 
ing temperatures, and the abrasion 
caused by the rubbing of the fish, is a 
severe test for any protective coating. 

Aviation gasoline vdll seep through 
all except ^e most impermeable ma- 
terials, but, even more Important, if 
aviation gasolme remains m contact with 
alkaline concrete for long periods of 
time, such as when it is bemg trans- 
ported in concrete ships, it will become 
unstable because of the reaction of its 
stabilizer with concrete Steel boot- 
topping strips on fast Imers are about 
ten feet wide and extend around the 
hull at the water line The steel is thus 
exposed at different times to sim, wind, 
waves, and physical abrasion. The plas- 
tics coatmgs that protect this critical 
area similarly protect the steel of the 
water-controlled gates on the Gila and 
All-American canals m Arizona and the 
Imperial Valley in California, among 
others 

INSECTICIDE 

Mode Synthetically 

For Garden Use 

<A POWERFUL synthetic msect-killer 
promises this season to meet United 
States vegetable growers* urgent need 
for an insecticide to replace the war- 
scarce rotenone, pyrethrum, and nico- 
tine sulfate used to control aphids, 



Sacking tnsactf, tach as thasa block 
bean apbidt, ort reported to bo con* 
frofM by o new synthetic Insectkld* 
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leafhopperf, and other insect pests. 
Known as Lethane B-tl, It has under- 
gone four years of eJctensive Aeld test- 
ing on tomato, pea, bean, spinach, and 
cabbage crops by large growers and 
State E3q;>eriment Stations. For the 
control of sucking insects on these 
essential crops, the chemical has dem- 
onstrated a killing power equal to nico- 
tine, rotenone, and pyrethxiim. 

Vegetable growers who have de- 
pend^ on these imported materials to 
protect their crops from suckmg in- 
sects— those which draw juice from the 
plant and are killed only by a power- 
ful contact poison— are welcommg the 
sjmthetic toxicant developed by the 
Rohm and Haas Company 

BOTTLE WATCHER 

Automatically Selects 

Those With Flaws 

A VDCWED beneht to food processors 
and consumers alike is seen in the de- 
velopment of a photoelectric crack de- 
tector that inspects glass jars and 
bottles as they pasS on a rotary turn- 
table, automatically singling out and 
rejecting those that contain minute 
cracks or surface irregularities. Such 
flaws, if they were to pass unnoticed, 
might prevent airtight sealing and re- 
sult in spoilage of the contents. 

This crack detector is more accurate 
than a human inspector m uncovering 
defects m glass containers and is much 
more rapid Inspecting bottles as fast 
as they are made on a bottle-making 
machine, which may be one or more 
every second, it detects flaws barely 
visible to the naked eye General 
Electric, m collaboration with the 
Hartford-Empire Company, developed 
the machine especially for use in food 
packaging plants In one such plant it 
was previously found that, on the 
average, two out of every 100 glass 
containers with flaws escaped detection 
by human inspectors 

In operation the detector rejects 
faulty containers without interrupting 
the continuous bottle making process 
As the contamers automatically move 
in front of a sensitive photoelectric 
tube, they are whirled rapidly while a 
strong light is directed on the part to 
be inspected. Since the phototube is 
not affected by a steady light, the light 
reflected by a perfect glass produces 
no effect* A rapidly spinning bottle 
with even the slightest imperfection 
on the sealing edge, however, causes 
the li|^t beam to flicker, and this 
quick change in the intensity of the 
beam is sufficient to eject the imperfect 
container while the perfect ones are 
allowed to continue on their way. 

SAFETY CLOTHING 

Stawhrds Improved 
to Protect Worhors 

^VssBStos clothing fabricated accord- 
ing to new American war standard 
speciflcations will lessen the menace 
of radiant heat and molten metal 
splashes for steel mill and foun^ 
workertf. These standards cover as- 
bestos aprons, cape sleeves and bibs, 



Pr« Production work Of Boll Tolophono LoborotoHo* on o 
South Bond loth# 



A South Bond Toolroom lotho In u«o ot Wostinghouto Etoctric 
and Mfg Co . Springfioid, Ma»$ 



IN ELECTRICAL 
DEVELOPMENT 
AND 

MANUFACTURE 


Perhaps no class of machine work 
demands greater precision than 
IS required in the development 
and manufacture of electrical 
equipment Because of their 
sound design, versatility, and 
unfailing precision, South Bend 
Lallies are extensively used in 
experimental and research lab- 
oratories for the development of 
electrical equipment, and in man- 
ufacturing plants for production 
of electrical devices of all kinds. 

South Bend Lathes are made m 
five sizes, 9*^ swing to 16*^ swing 
inclusive A complete line of prac- 
tical attachments simplifies tool- 
ing the lathes for many kinds 
of operations. Write for Catalog 
lOO-D. 


LATHe BUILOm fOe 3$ YEABS 

SOUTH BEND lATHE WORKS 

458 EAST MADISON STREET • SOUTH BEND 22, INDIANA 



leggings and coato— garments that are 
used widely in industry to provide 
insulation against extreme heat during 
the course of the day’s work, and pro- 
tection against sudden splashes or spills 
of molten metal that may mean pain- 
ful “lost time” bums or even death. 
Whether splashed asbestos coats, leg- 
gings, or sleeves will scorch slowly 
enough to give theu: wearers time to 
get out of danger and remove the gar- 
ment and whether the smoldering gar- 
ments can be quickly shed are of vital 
importance. 

For these reasons, the quality of 
the asbestos and the design of the 
garment were chief considerations of 
the subcommittee of the American 
Standards Association that drew up 
new standards. Only second m im- 
portance, howler, was the need to 
conserve scarce materials depleted by 
wartime demands. 

Among the problems that confronted 
the committee was the fact that few 
scientifle teWs for wearing or fire-re- 
sistive quaiittea of varying grades of 
asbestos had been made, and the fact 


that nearly all available cloth was 
needed by the armed Forces, making 
It necessary to use efficiently what as- 
bestos cloth there was Scientific data 
on which to base these standards was 
obtained with the aid of the National 
Bureau of Standards which earned out 
tests for the flre-resistive quality of 
varymg grades of asbestos cloth 
Altogether, there are four separate 
standards The first one coveirs the 
widely used bib type asbestos aprons 
Only plam and split-leg types of apron 
are included in this standard since, in 
the opimon of the committee, these 
will service industry adequately. In 
addition to the minimum requirements 
for the material— weave, yam ply, 
thread count, grade of asbestos, weight 
of cloth, and breaking strength^meth- 
ods of test for the asbestos content, 
water of composition, weight of the as- 
bestos clotlv and breaking strength of 
the cloth are included. When leader is 
used m reinforcing the asbestos'gar- 
ments, tests are specified for grease 
content, chromic oxide, acidity, heat 
resistance and shrinkage, and thickness 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contains a message of particular impor- 
tance to ^roduaion men. This is your 
opportunity to obtain a copv of this 
famous book, which has been described 
as a ''turning point in the lives of liter- 
ally thousands of men*’^ 

Although **Forging Ahead in Busi- 
ness” has been distributed to more than 
3,000,000 men. today's timely edition 
was written in tne light of recent world- 
wide developments. Its 64 pages repre- 
lent more than three decades of suc- 
cessful experience in training men for 
eadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities. dub|ects direa- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
sinnificant relation to one another. Thus, 
a nelpful, over-all picture is provided. 

Said one mao who had sent for 
**Forgiog Ahead in Business”: 

thirty mimUes this UttU hook 
mavo mo a cloaror picturo of my 
OHiinoss Jutmo than Vvo over had 
hoforo,'* 

• • • and that represents the opinion of 


the Institute's 400,000 subscribers, in* 
chiding 134,000 production mm! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the lo- 
sutute program fits in with the most 
crowded of war-time schedules. 

Amon^ the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in "FORG- 
ING AHEAD IN BUSINESS’* are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
L Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, E I. du Pont de Nemours & Co. 

SoRd for 

"FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual— -the mao with 
ambition and ''drive”— "Forging Ahead 
in Business” has a message of distina 
importance. If you feel that it is in- 
tended for you. don't hesitate to send 
for a copy toaay. Simply fill in and 
mail the coupon below. 


ALEXANDER 

HAMILTON 

INSTITUTE 


Altxaiidcf HaaMkcMi 

dS^ 71 Wsst 2Srd Saett,Ntw York 10,NawYpA 
uTCaiuaa, 54 WsUiagion Wmc, Teteta U Om 


Name . . . . 
Firm Name. 
Business Address. 
Poshioo ... . *. 
Home Address. . . 
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of the leather A corrosion test for 
hardware, such as metal fasteners for 
the aprons is included 

Specifications for cape sleeves to 
protect arms, shoulders, neck, and up- 
per chest are outlined in the second 
standard These include plain cape 
sleeves Different sizes for men and 
women are listed. Sleeves are designed 
to reduce the bulkiness of the asbestos 
at the fold of the arm The shape of the 
garment is specified, as well as seams, 
stitching and edges, nvets, and hard- 
ware 

The standard for knee and hip- 
length leggings in men’s and women’s 
sizes gives specifications for wrap- 
around and spring types in both knee 
and hip-length leggings, and in the 
pull-on type for hip-length leggings 
The method of fastening is specified 
to facilitate removal The coat standard 
provides one type of asbestos coat m 
hip, knee, and ankle lengths Because 
asbestos, unlike leather, comes in regu- 
lar widths, not more than three pieces 
of asbestos may be used in the coat, 
exclusive of the sleeves and collar, and 
not more than two of these pieces may 
be used for the entire front Thus the 
back of the asbestos coat must be made 
in one piece, whereas in the case of 
leather coats more than one piece may 
be used in the back only, to permit 
maximum use of the material 

SO-GALLON SHAKER 

Saves Time and Labor in 

Mixing Automotive Paints 

Special equipment is being used these 
days to speed production, lighten tasks, 
and insure the output of uniform paints 
for the automotive mdustry Two such 
devices, mechanical shakers for 50-gal- 
lon drums and five-gallon cans, were 
developed especially at the request of 
the Ford Motor Company 

The idea of churmng pamt in a 50- 
gallon drum came shortly after a gallon 
mechanical shaker was purchased for 
use m a company laboratory to mix 
paint samples Previously, paint stirrmg 
was a long and tedious task Paint was 
shipped m five-gallon cans and 50-gal- 
lon drums equipped with stirrers packed 
separately In addition to the labor en- 
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tailed, there also was the possibility of 
paint leakage from the openmgs through 
which stirrers were inserted When the 
gallon shaker proved feasible, it was 
decided to try a five-gallon machine 
After the larger umt proved successful, 
a shaker was constructed to handle a 
50-gallon drum By means of this de- 
vice, a drum of enamel can be mixed m 
about two hours 

TOOL BLANKS 

Are Drilled for Attachment 

To Steel Shank 

TOOL blank has been developed hav- 
ing a drilled and counterbored hole 
to provide for attachment to a steel 
^lank by means of a recessed-head cap 
screw The angularly-set screw serves 
merely to hold the tip against the re- 



Recessed wotls resist thrusts 


cess walls, which resist the main cutting 
thrusts 

These blanks are now available in 
several of the larger sizes, with formed 
clearance angles and in all standard 
grades of Kennametal which is also 
the name of the manufacturer Com- 
plete tools of various styles — straight 
edge, lead angle, offset, and so on — 
can now be furnished with the 
screwed- on tips Separate standard 
blanks will be supplied to those who 
wish to make their own tools Blanks 
of non-standard shapes and sizes hav- 
ing this feature may also be had for 
special tools, such as are used in shell 
turning and form cutting of radii and 
grooves 

LINEAR ACTUATORS 

Light in Weight, 

Take Little Power 

\A/eichinc as little as 3 05 pounds, 
linear actuators have been built to 
meet the increasing demand of the 
aviation mdustry for an efficient meth- 
od of convertmg electrical energy into 
linear actuating force. The design engi- 
neer will find them applicable in many 
places in post-war pr^ucts 

The Lear Model **400” actuators are 
made to operate under loads up to 
400 pounds of compression or tension 
They require low power, 24-28 volts, 
and have extremely low current drain 
on the electrical system. In size, the 
“400” model is less lhan five mchee 
wide and less than seven inches long, 
including the limit switch control box 
and the thermal protector The exten- 
sion length ranges from 14% inches 
to almost 25 inches These actuators 


provide a complete package inasmuch 
as die unit i»^vjk}es the desired mov- 
ing force widiout the need of additional 
accessories. 

Exact positioning under all condi- 
tions is an outstanding advantage, and 



Actuator with temperature control unit 

control boxes are equipped with limit 
switch control of two or three or more 
positions Incorporation of the Lear 
“Fastop” clutch eliminates any over- 
travel A movement of a few thou- 
sandths of an inch disengages the 
driven disk of the clutch from the driv- 
ing disk which IS secured to the arma- 
ture shaft Gear reduction ratios are 
available in various combinations Po- 
sition-indicating transmitters for visual 
check are abo available 

BLAST CLEANING 

Use Extended by 

Rotary Swing Tables 

iAiRLESs blast cleaning is being ex- 
tended to a wide range of intricate 
or irregular shaped work, formerly 
cleaned in air-blast rooms, by the 
use of Wheelabrator Swing Table units 
manufactured in four sizes by Ameri- 
can Foundry Equipment Company 
Operation of the four units is essen- 
tially the same, the machines varying 
only in table size and in minoi con- 
stiuction details 

Work to be cleaned is placed upon 
a rubber-covered woik table which is 



The rotary table carries the work 


mounted on the door of the blast cabi- 
net As the door b closed, the work 
table swings into the cabinet tmder- 
neath a Wheelabrator airless blast unit 
While m thb position the table is ro- 
tated at a predetermined speed The 
unit wheps a continuous stream of 
abrasive down upon the rotating work 
to the full widfii of the table so that 
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BARGAINS 

Surplus 

OPTICAL ELEMENTS 

Precision Lenses 
Prisms — Filters 
Etc. 

Send 30 Btamp for listing and pruts 
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PATENT 

For Sale or Liconso 

Prominent British manufocturer 
of precision machinery desires to 
grant license under, or sell. 
United States patent on machine 
for occurotely cuffing fine 
threads on or in soft metol ond 
the like No brokers For particu- 
lars address 
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gptical enginearlRg 


Individual or manufactur- 
ing problems involving 
the use of precision op- 
tical elements — instru- 
ments, mirrors or ophthal- 
mic lenses will receive 
immediate attention by 
capable optical engineers 
in our Post War Planning 
Department. We invite 
your inquiries 
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all surfaces are uniformly blasted to a 
bright, clean jfixdibu Only a short ex- 
posure of the parts to the Whe^* 
brator unit is r^uired to clean the ex- 
posed surfaces thorou^y and uni- 
formly The unit is then stopped, the 
door IS swung open and the part is 
turned over for cleaning the underside. 

After striking the work, the abrasive 
falls through perforations in the table 
top into a hopper below the machme. 
A screw conveyor transfers the abra- 
sive to the elevator which carries it 
to an overhead abrasive separator All 
broken-down abrasive and useless 
fines are removed and the usable 
abrasive falls into a storage hopper 
for reuse. 

PACKAGED COAL 

Blocks Made from Waste 

Will Lessen Fuel Shortage 


Wn 


RAPPED in paper by a new pack- 
aging machme as part of a Govern- 
ment sponsored idea to help alleviate 
the fuel shortage, coal block packages, 
each weighing 7% pounds, are made up 
of hitherto wasted anthracite and bitu- 
minous fines The wrapping machine, 
made by the Package Machinery Com- 
pany, turns them out at the rate of 8 
to 24 per minute. 

The first such machine is already in 
operation m the Blaw-Knox test plant 
Endorsed by the Solid Fuels Admin- 
istration, the coal blocks, so clean that 
they can literally be handiled with white 
gloves, will be marketed to house- 
holders for furnaces, fire places, cook 
stoves, and water heaters 

FILTER CLEANER 

Diluted with Water, 

Cleans All Types 

Development of a new process for 
chemical cleaning of all types of air 
filters, including air conditioning, 
engine, marine, and aircraft, has been 
achieved by Turco Products, Inc The 
process eliminates the necessity of 
using distillate and other materials 
which leave an offensive odor and are 
a fire hazard It also greatly shortens 
the time required for the complete op- 
eration Under the new process, the 
filter IS removed and immersed for 
only six minutes in a tank of cold 
Turco Aktiv, four ounces to a gallon 
of water. The filter is then removed 
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from the tank and given a cold water 
hosing to flush away dirt and grease; 
then dried in a stream at compressed 
air and dipped into the manufacturer’s 
specified oil According to time studies, 
the entire process takes under 13 min- 
utes. 

PORTABLE PUMP 

Helps to Extinguish 

Industrial Fires 

NEW light-weight and compact cen- 
trifugal pump has many industrial uses 
including fire fighting and evacuating 
water from flooded manholes, base- 
ments, drainage ditches, and the like 
For small factories and mills erected 
at a distance from city water mains, 



Mulfi-use pump on a troiler 


the Rex Speed Prime pump is extreme- 
ly valuable m the event of fire Larger 
plants whose buildings cover consid- 
erable areas have mounted these pumps 
on two-wheel trailers, along with other 
fire-fighting equipment for speedy 
towing to the scenes of sudden out- 
breaks of fire When used for this pur- 
pose, the pumps are altered to ac- 
commodate regulation fire hose 

HERMETIC SEALING 

Applied to Instruments 

With Moving Parts 

Development of a method for hermeti- 
cally sealing electric instruments 
against humidity, water, dust, fungus, 
discoloration, and other adverse con- 
ditions, was announced recently by 
engineers of the General Electric Com- 
pany’s meter and instrument labora^ 
tory. In tests these instruments have 
been submerged in 60 feet of water for 
several days, have been suddenly 
transferred from a temperature of 67 
degrees below zero to one of 185 de- 
grees above, and subjected to dust 
storms, all without causing any change 
in their performance. 

Experience has shown that in certain 
climates, e^iecially in the tropics, in- 
struments became corroded, their 
molded parts swelled and burst, fungus 
covered the sensitive springs, and, in 
some oases, the pointers on the instru- 
ments fell off. In developing a means 
for overcoming these conditions, Gen- 
eral Saectric produced the first her- 
metkal sealing of an instrument con- 
taining a moving part. 

To obtain a hennetleally sealed en- 
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closure, a thick, atrain^free glass win* 
dow Is fused to a metal ring in a glass- 
to«>metal seal. This assembly is then 
fused to a steel eiise by a soldered 
joint Hermetic sealing of the two ter- 
minal studs is obtained by glass-to- 
metal seals between each metal stud 
and the metal eyelet This hermetic 
assembly is sealed to the steel base by 
a silver-solder operation 

The metal base is secured to the 
case by means of a synthetic-rubber 
gasket that is coated with a special 
sealing compound The seal is ob- 
tained by a crimped-over metal ring, 
“which compresses and retains the 
gasket 

The glass seal, the soldered joints, 
and the metal ring form a completely 
hermetic enclosure for the instrument 
According to laboratory tests, this 
means of sealing is unaffected by ther- 
mal shock, mechanical shock, or vibra- 
tion The final assembly is evacuated, 
filled with an inert gas through a 
seal-off tube located in the base, and 
is sealed off at a pressure slightly above 
atmospheric 

METALLIC HOSE 

Is Asbesfos-Packed 

For Diesel Exhaust 

An asbestos packed intei locked gal- 
vanized steel hose, with an inside di- 
ameter of 24 inches, weighs approxi- 



Flexible steel exhoust pipes 


mately 70 pounds per foot and is 
manufactured for use on marine and 
stationary Diesels as flexible exhaust 
pipes Because of its interlocked con- 
struction it requires no special tools or 
heat to bend. This new hose, manu- 
factured by Pennsylvania Flexible 
Metallic Tubing Company, has a recom- 
mended bending radius of approxi- 
mately seven times its diameter and a 
working pressure of 15 to 25 pounds 
per square inch. 

WIRING KIT 

Provided with Versatile 
Installation Tool 

Now AVAiLABte to mdustry for gen- 
eral solderless wiring is a complete 
electrical wiring kit that includes a 
six-purpose preci8i<m installation tool 
which cuts apd strips the wire, indi- 
cates stud sizes, and crimps terminals 
to die wire. The kit also an assort- 
ment of lOD solderless terminals of the 
most commonly used types. No solder- 
ing is requir^ to make trouble-free 



For soklertesi electric terminals 


electrical connections, it is necessary 
only to insert wire in terminal barrel 
and crimp with tool The kit is made 
by the Aircraft- Marine Products, Inc 

ENGINE DETECTOR 

Indicates Impending 
Trouble in Advance 

ENGINED airplane pilots can 
now tell in advance whether they are 
going to encounter engine trouble, 
thanks to a new-type instrument de- 
veloped by research engineers of Con- 
solidated Vultee Aircraft Corporation 

Technically, the instrument is known 
as an “engine performance indicator” 
It comprises a rectangular metal box 
full of electrical equipment, small 
enough to fit in the side coat pocket 
of a man's suit It is mstalled adjacent 
to the carburetor of an airplane engine, 
and its function is to measure the dis- 
tance (right or left) to which the 
engine is displaced when the propeller 
IS rotating 

If the engine is functioning normally, 
the instrument actuates a gage in the 
pilot's compartment, and this gage 
shows, with greater accuracy than any 
similar device previously developed, 
how much horsepower ^e engme os 
puttmg out Then, if the engine begins 
to operate improperly the gage needle 
oscillates accordingly and a warning 
light glows on the pilot’s instnunept 
panel — giving the pilot plenty of time 
to cut the engine and feather the pro- 
peller. 

Previously, because there were no 
suitable engine warning devices, pilots 
often could not detect power plant 
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CENTERING 

HEAD 

For measuring doeUvlties. 
bends etc EUminatee 
celculations — accurate 
easy to operate — eaves 
time and errors Obtain 
further details — or send 
for yours subject to re* 
turn and refund POST* 
FAm $16 00 

EASTERN RESEARCH 
A ENG CD 
S9 Plan St. Boston. Mast 
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Whet about tbo dedoial point? Place k qaiddr 
aiMl eccurately with tbo l>ecUnetiser. Podcet 
site, in leether ceea, $2 SO; with axtre (mul* 
tiplyinf end dividing) ecele, #3 Monef»beck 
guerenteo. 

GEORGE H MORSE 

927 2BMi St South AHlngton, V« 



CHANITB Solf.W«lii^ BLBCTRICAL 
HBATINO BLBMBrrr Rux Genecove 
amount, instructions oaclosed $>lJee 
postpaid 

CHANITB SALES COMPANY 
914 South Moin Poit Woith 4, Toxoe 


With DI-ACRO 
BENDERS.... 

The DI ACRO Bender makes perfectly 
centered eyes from rod or strip stock at 
high hourly production rates. 
Both eye and centering bend 
are formed with one opera* 
tlon Any sice eye may he 
formed within capacity of 
DX-ACRO I’^tier and ductile limits of 
BKNDSR material 
MO 1 

Dl«rACRO Preoislod Bending Is 
aoeurate to 001* for duplicated 
parta. DI-AORO Benders bend 
angle, channel, rod, tubing, wire, 
moulding, strip stock, eto 
Ua^itnes are easily adjustable 
for simple, compound and re- 
vang bends of varying radii 
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N.? ANYONE, 

ANYTIME 

3^ CAN MAKE PHOTO COPIES 

i 

ImmmM 

QUICKLY 


FAST, PHOTO*EXAOT COPIES 
IN ANY OFFICE OR SHOP 


Same-size, exact photocopies of anything 
up to 18"' X 22" Eliminates steno-copymg, 
tracing, proof-reading. Photocopies direct 
from letters, records, pictures, blue prints, 
tracings, receipts, shop orders — - anything 
written, printed, drawn, photographed, 
even if on both sides. Accepted as legal 
evidence. Copies from magazines or books. 
No end to the uses of A-PE-CO. Needed 
by all departments Thousands in use. 

NO CAMERA — NO FILM — LOW COST 

Any ofiice employee quickly becomes ex- 
pert Low cost per copy, lowest investment 
in equipment. Saves other equipment 
Simple, fast. No focusing Conserves man- 
hours Put A-PE-CO on any available 
table 

IV rite for folder of A-PE-CO 
uses in YOUR BUSINESS 

AMERICAN PHOTOCOPY EQUIPMENT CO. 

2849 N Clark St , Oept KH 75, Chicago 14, Illinois 
Rsprtstntatives in Principal Cities 
In Canada Railway A Power Engineering Corp , Ltd 
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INVENTORS 


NMf IS TIE TIME 10 
PATENT YOUR INVENTION 

ICaattfictitrers everytshere 
are baying patent rights 
now, so they will uve 
new Items to make and 
sell for civilian consump- 
tion as soon as the war 
IS over You should look 
thead to the future, too. 

Protect your invention 
and yourself by applyi 
for a patent now. 

OCT FREE LATENT OINOE** 

Our free 4S page “Patent Guide“ tells 
what deuilt are necessary to anply ( 
for a patent , and countless other facts ] 
you will want to know. Mail coupon 
for Ftct “Patent Cuide“ and “Record j 
of Invention*' foma today. 


CLAPtNCE A. OBRIEN 
h HARVEY B JACOQSUN 


I Regfttered Patent Attomtyt I 

95 G Adams Bldg, Wtibington 4, D. C. > 
I Please send your 48-Page, “Patent Ouide^ I 
I and your “Record of Invention** form * 
J FREE. This request does not obligate me. I 

J Addresa..... | 

•#'. . State. 



troubles before an engine actually 
failed, and then, sometimes, it was too 
late. Most multi-engined aitplanes can 
fly safely with half of their engines 
inoperative, but Accidents have oc- 
curred because the pilots could not de- 
tect trouble quickly enough to adjust 
engine controls and feather propellers 
The latter items are important due to 
the fact that a malfunctioning engine 
can tear itself to pieces or catch fire, 
while a “wmdmilling” propeller will 
create excessive drag forces and make 
an airplane difficult to control 

SIDE HANDLE DRILL 

Encased in Light and 

Durable Plastics 

Ntw development of Thor plastics 
encased portable electric drills intro- 
duces a side handle type machine 
which IS 20 percent lighter than com- 
parably rated drills with aluminum 



Handle position offers odvontoges 


casings, according to the manufacturers, 
the Independent Pneumatic Tool Com- 
pany 

The new side handle drills are iden- 
tical in construction with the original 
plastics encased pistol grip unit, ex- 
cept for the handle The gear case, field 
case, and handle are molded in a spe- 
cially developed plastics while all in- 
ternal operatmg parts are supported 
in a metal frame entirely separate of 
the plastics housmgs — an independent 
unit so constructed that the tool will 
operate perfectly with all housings de- 
tached 

ALUMINUM DIMPLING 

By New Method 

Saves Time and Expense 

SUCCESSFUL method for dimpling 
high-strength, heat-treated aluminum 
alloys m all thicknesses up to and 
includmg 081 inch has been developed 
by the Ryan Aeronautical Company 
Tins new method utilizes a tool which 
fits the standard dimpling machine 
The procedure is simple, inexpensive, 
rapid, and easily taught to the operator 
It produces strong, well-formed dimples 
m high-gtrength aluminum alloys with- 
out radial or circumferential fractures. 

The success of the process is due to 
the fact that the metal is formed 
m such a manner that the stresses are 
distributed over a wider area, elimi- 



Rivefs in dimples ore surface- flush 

natmg stress concentrations and their 
consequent fractures 

The dimple, being a cone-shaped de- 
pression around the rivet hole, is a 
requisite for the use of flush-type 
rivets These rivets are used in join- 
ing the exterior metal sheets of air- 
planes because their flat, flush-type 
heads contribute to the aerodynamic 
smoothness of the plane, by reducing 
drag, and because they are lighter 
in weight In order to allow the rivet 
to recess flush with the surface of the 
skin, a dimple must be formed around 
the rivet hole This dimple should have 
the same angle as the rivet and should 
nest around the rivet head in close 
contact with all of its contiguous area 

CENTER SCOPE 

Designed to be Used 

In Precision Shop Work 

Built to withstand ordinary shop 
usage, a new optical locating and cen- 
tering microscope is molded of gray 
Temte plastic It is designed to locate 
or center edges, lines, or punch marks 
on a workpiece to the spindle axis of 
any machine tool It is also used for 
measuring dimensions which are in- 
accessible to mechanical devices and 
for checking and inspection work 

Optical lighting is not subject to er- 
rors such as pressure, wear, tempera- 
ture, and human variations With the 
center scope, accurate work may be 
produced in a minimum amount of 
time 
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FORMULAS PARES 
HOPKINS’ 
’’CYCLOPEDIA 
OF FORMULAS” 

Thoutaods of copies of this ac- 
knowledged leader among txioks of 
formulas are being used daily 

$5 50 postpaid (Domestic) 

Mor FroM 

SCIENTIFIC AMENICAN 

24 West 40Hi Strtsf, New York It, 
N. Y. 

Etectric Htatiira Elements Now You Can Repair Them 

USE NICHROCITE PASTE 


3 simply overlap ends apply JpE 
IRchroclte Paste and turn E” 
on current Used by large X-_ 
utility companies Trial 
order |1 00 4 ok $1 SO 
1 pound $B 00 

Armatrpfig Electric Mfg Co , 
Box 841 oSA, Minneapolis, Minn 


MAGIC ELECTRIC WELDER 

110 volt AC-DC wolda, brazes, solders, cuta 
all metals easy to uee full directions Corn* 
plete with power unit flame and metallic arc 
attachments, carbons fluxes rods mask Used 
by the Kavy For professional oi hobbyist 
Only $10 05 

MAGIC WELDER MFG CO 

239 Canal St Dept PA 7 Ntw York City 


Scientific American’s 
two telescope books 

AMATEUR TELESCOPE 
MAKINQ and 
AMATEUR TELESCOPE 
MAKINQ — ADVANCED 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals. Came the war. Hun- 
dreds of new optical industries 
sprang up. Fewer amateur# found 
time to make telescopes yet tales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Staffs 

For their Workmen 

Why 

Because the basics of precision pro- 
duction in optics are essentially tha 
same for amateur and professional 
alike* Today the two books are in 
nearly every optical industry’s offices 
in the nation. They ’’rate.” 

Amateur Telescope Making $4.00 
postpaid, domestic; foreign $4*35 
Amateur Telescope Making •— Ad- 
vanced $5.00 domestic; foreign $5.35 

SCIINTIFfC AMKRICAN 

24 WiN m Ntw York IB, N. Y. 


The new center scope is injection- 
molded of Tenite in four pieces* Since 
the walls are rather thick and vary in 
thickness, close tolerances are held 
throughout, and care is taken to pre- 
vent shrinkages which might mter- 
fere with the precision of the instru- 
ment The plastics is molded over two 
metal parts the shank which fits into 
a drill chuck or collet, the tube at the 
bottom which guides and supports the 
objective lens mount The eye piece 
and end piece are pressed into place 
and cannot work loose or slip 

NEW COLLETS 

Have Strong Grip, 

Long Life 

Incorporating in each serrated sec- 
tion a ^'cup-point” lug which pene- 
trates the stock slightly when locked, 
a new collet is now being manufac- 



frpJf FiRP L 0 SS 

Fi-R«p«l Go«$ On Lika Point 

FUme diet quicklr ia 
wood costed with Fi- 
Repel Tbit a«w fire re- 
ttrdent ^oatlDg oo 
like pmtot. ttPpi ire be- 
fore it tpreidt Uoder- 
wricert' spproved Tetc 
It yourself Write for 
free demontcretion of- 
fer The Gene rtl Detroit 
Corp , Dept 7 -E, 2270 
I E Jcfferton, Detroit 7 


TIid CUynHtiDreial Calculator 

will quickly solve eiiy 
problem in multlplio*- 
tion division and pro- 
portion It will give the 
interest on any prin- 
cipal at any rate for 
any time Oivee per- 
centage of profit lOM 
and overhead division 
of freight rates string 
discounts and wages by 
day. week or month it 
also gives the number of 

_ days between any two 

dates and gives the day 
of the week for any day Constructed to give 
at least 10 years service Diameter 0 inches Sold 
under our guarantee ‘‘Your money back any 
time within 30 days if you are not satisfied * 
Price with Instructions, $2 50 
CIRCULARS FREE 

QIIsm Slldfi Rulfi Ciii Stnartf Flit 

Slide Rule Maker b eince 1915 



Adjustable lugs odd holding power 

tured The lugs are usually set 010 to 
015 inches above regular serrations 
but can be adjusted for more or less 
penetration, or can be turned away 
completely, leaving only the standard 
serrations effective These adjustments 
can be made without removing the 
collet from the machine With addi- 
tional holding power, less locking ten- 
sion IS required to hold the lock firmly, 
which tends to longer life of machine 
mechanisms as well as collet “Super 
Grip” collets, made by the Sheffer 
Collet Company, are particularly effec- 
tive for handling hot- rolled steel and 
on jobs where heavy tool thrusts cause 
slippage through conventional serrated 
jaws 

CLEANING TISSUE 

Made Specifically for 

Optical Surfaces 

LENS cleaning tissue recently in- 
troduced to the industrial and techni- 
cal fields IS a soft, silky linen tissue, 
specially prepared for cleaning fine 
optical and precision mechanical in- 
struments The tissues are processed 
for tensile strength and absorption 
qualities, and under all types of rigid 
tests have cleaned optical surfaces 
and precision parts without scratching 
or leaving the slightest trace of lint, 
regardless of the amount of cleaning 
and rubbing done. A product of the 
Superfine Lens Cleaner Company, 
these tis^es ai^e available in 10-in(^ 
rolls, 500 feet long, and in other con- 
venient sizes 
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The original, fit- 
your-hand tool — 
\ today’s finest. Does 
I precision work on 
I any metal, alloy, 
1 plastic, wood, 

' horn, bona, 

etc. 

A WHOLE TOOLSHOF IN ONE HAND 

The sky’s the limit with Handee. lu use- 

fulness IS as extensive as the number of 
quick-and-easy-to-change accessories you 
own — there are more than 300 in the 
Chicago line to grind, drill, polish, cut, 
rout, carve, engrave, sand, saw, etc. 

Because it’s perfectly balanced and weighs 
only 12 ounces the Handee is the ’’non- 
fatiguing” tool. 

Operates on AC or DC current at 23,000 


With 7 Accessories, Post- 
^ paid $18.30 with Prioritv, 
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MICBOSCOPE 

Equipped with fully 
Achromotic lens sys* 
tern 40X SOX 60X in 
some tube. Price 
$15.00 in leather cose. 

L W. PIKE & CO.. 

Elixoktfli 3, N J 



MICRO SWITCH 

la s anap-actlntf, Bakollte housed Underwriters 
listed switch No larger than s man a thumb, 
yet rated at lO amps 125 volts A C Over 50 
types In stock from $1 00 to 14 00 




Optn or elosod circ $1 10 
S.P.O.T. .. . SUO 




Open or closed circ $1 25 

SoPPoTo o, > ... $1.45 


ALNIOO Pocket Pieces 11/10' x 9/10' x Ve* 

pair II 00 

Horse Shoe Magneu ik" x ^4' x pair II 20 
X ?•' Watch SlM OBAR BOX 
100 to 1 Ratio 35d 3 for II 00 

81CINDCRVIKBN Transmitter Button with 
16 page Experiments Booklet $1 00 

m X Ihk AC 110 volt Clock Motor 
9 revolutions per minute 13 00 

One ampere Mercury Switch 
hme leads 351 4 for II 00 

iLAN, MG D«y Street, New YoHc 7, N Y 


*BUY MORK WAR BONDS* 


ASSORTED SPRINOS 

Assortment of almost 900 valuable new springs. 
Over 100 diSerent kinds. Tonton, compression, 
•xpaniion. and flat types Useful for all experi* 
ments and repair $3 00 Larger estortmont 
(more types end sixes) $5 00 Postpaid Larger 
sstortmenfs avetUble 

TECHNICO, 

P O Sox 246-X, West Hartford, Conn 


= GpOIh® = 

TRANSfER INITIALS 


To identify your property. 
They can be easily applied to 
Metal, Wood, Glass, China, 
Leather or painted surfaces. 


Any eoiMnation of 

18lEn{RSvi"Mti.MM 


W. S. MbeKINNEY 

7S4 CoRMiiwrakil Trust Bldg , Phllodolptihi 2, P«. 


Enclose II 00 cash ot check for 18 ss 

follows ■■ — - 
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Gurrsnt OallstiB 
Brills 

Conducted by K. M. CANAVAN 


(The Editor will appreciato it 
if you will mention Scientific 
American when writing for any 
of the publications listed below ) 


Lubrication of Industrial Machinery 
IS a 58-page thoroughly illustrated 
brochure which deals with the funda- 
mentals of lubrication, types of bear- 
ings, selection of lubricants, methods of 
applying lubricants, and maintenance 
problems The main part of the booklet 
is generalized an appendix deals with 
a number of specific machine lubrica- 
tion systems Request Technical Bulle- 
tin Number B-5 Sun Oil Company, In^ 
duatrial Products Department, Phila- 
delphta, Pennsylvania — Gratis 

How and Why Cathode Ray Tubes 
Work Is a 16-page booklet based on 
the history, mathematical concepts, 
manufacturing problems, testing, and 
design of C-R tubes Complete televi- 
sion set-ups are discussed North 
American Philips Company, Inc , 100 
East 42nd Street, New York 17, N Y 
— Gratis 

Rust, Causes and Prevention, is a 74- 
page booklet, eminently practical 
in Its content, which deals not only 
with metal corrosion but also tells how 
metal surfaces can be conditioned be- 
fore application of preventive measures 
It then deals In adequate detail with 
the preventive methods themselves and 
with the metals used E F Houghton 
and Company, 303 West Lehigh Ave- 
nue, Philadelphia 33, Pennsylvania — 
Available to manufacturing executives 
if requested on business letterheads 

Post-War Planning for Industry, Part 
V Small Business — Now and 
After the War is one of a series of 
bulletins giving references to, and ab- 
stracts of, sources of information on 
the problems of small business, gov- 
ernment aids, and research facilities 
for small business. Business Informa- 
tion Bureau, Cleveland Public Library, 
Cleveland 14, Ohio.--Gratis 

Opportunities m Radio and Electronics 
FOR Returning Service Men, by 
Brigadier General David Sarnoff, is a 
28-page booklet designed to aid war 
veterans in applying their war-time 
traimng and experience to development 
of careers m civilian life The teset 
covers the entire scope briefly and is 
supplemented by a complete bibliogra- 
phy of suggest^ reading. Radio Cor- 
poration of America, 30 Rockefeller 
Plaza, New York 20, New Y<^k^ 
Gratia. 

Screw Thread In8X»ts and the Screw 
Thread System is a four-page bul- 
letin describing Heli-Coil inserts and 
f the Aero-Thread screw thread Eystem 


TECHNIQUE QF PIYWQOH 

By O^IIS B. NOUUB 

Plywood demand Is skyrocketing in 
the production of wartime housing 
airplanes, boats, and other defense 
needs, yet specific Information on the 
material itself is difficult to find. 
Here, between the covers of a plas- 
tic-bound book, has been gathered 
techmeal information on all phases 
of plywood manufacture, specially 
written for engineers, designers, and 
users of plywood (249 pages, 5 by 
IVa inches, tables and arawings)— 
$2 50 postpaid 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W 40«li S. N.W Yeth It, N V 


Just Published! 

ADSORPTION 

By C. L Msnull, Consultiiiff OiMiiicxI Bn* 
gitiMri 5S6 pxgcx, 149 Ulustracloiis, 7B mbtos, 
M 90 

A thoroufh guidebook on sdxorpdoo — mt(o- 
risls, oquipmont, methods — covering Indus- 
trial treetmeni end the background of practice 
lor the dexigning engineer end plant operator 
Fully illustrated from modem 
industrial practice 
Order your copy from 

SCIENTIFIC AMERICAN 
24 West 40th St 
New York IS, N Y. 


THOUSANDS 

of N6W and PRACTICAL 
Permulot Prom Evory Impor- 
tant Industry Will bo Found 
in tho Latost Edition 
of 

The New Chemical 
Formulary 
(Vol. 7) 

■ditsil by H. BINNITT 

From adhesives to textiles, occu- 
rote formulas ore given for a 
multitude of products. Alloys, 
beveroges, oils, cosmetics, paints, 
polishes, ore just a few of the 
subjects covered. 

Important today is tho chapter on 
substitutes. 

SubpIlGrs of chemicolt ore listed, 
with addresses, for convenience In 
locating needed moteriols. 

474 pages $6.10 postpold 
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THE HENRY SYSTEM 
Of Finger Print 
Classificntion 
and 

Identification 

if now in ute by moat 
of cha Police Departmentt m the 
United Statee. It it alto the tyatem 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s. 

«THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.l. 

^4.25 postpaid 

Order Frem SGIfiNTIFlO AMERICAN 
24 Wilt ACth Street, New Yerk IS, N. Y. 



THOUSANDS BVBRYWHERB 
ACCLAIM THIS 

HmTAifchoiirtfij 

Have you unrealized hopes? Are the 
better things of life always just beyond 
your reach’ 

Times have changed — ^but have you? 
Adopt a new pay^olo^ of life and 
MASTER YOUR PROBLEMS. It takes 
no greater mental effort to achieve ie« 
suite when you know how. 

Let the Rosicrucians show you how, 
by the use of simple laws, you can ap- 
ply the powers of your mind to bring 
aTOUt startling changes in your life. If 
you are sincere in your desire, write 
for the free Sealed Book It will point 
out how you may obtain this most help* 
ful Information. Address: Scribe P.A £• 

Rosicrucians 

AMORC 

MW JDBBt CAUTOIIHIAt 


It includes engineermg data, typical 
applications, and a statement of the ad* 
vantages of each design Aircraft Screw 
Products Cotapmy, Inc, 47-23 35fh 
Street, Long Island City 1, New York 
•-Gratis, 


Post-Graduate Course for Gears is a 
20-page booklet compiled as a sug- 
gestion course lor de^gners of new 
products using right-angle reduction 
gearing Current war-time uses of 
Cone-Drive are outlined as a guide to 
possible current and future uses 
Michigan Tool Company, Cone-Dnve 
Division, 7171 East McNichols Road, 
Detroit 12, Michigan — Gratis 

Byers Wrovght Iron for Radiant 
Heating ia a 52-page handbook 
whose chief purpose is to serve as a 
working manual in calculating, design- 
ing, and installing radiant heating sys- 
tems Answers are given to the 34 
questions most frequently asked. A. Af. 
Byers Company, Pittsburgh, Pennsyl- 
vania — Gratis 

Electrical Test Inliruments is a bul- 
letm outlining the inherent accuracy 
and reliability of accepted laboratory 
circuits and techniques reduced to 
simplest terms for lay operation in 
everyday industry Industrial Instru- 
ments, Inc, 17 Pollock Avenue Jersey 
City, New Jersey — Gratis 

Natural and Synthetic Rubber Ad- 
hesives IS a 12-page booklet present- 
ing information on how to choose the 
right kind of cement for various ap- 
plications The booklet contains a table 
giving data on cement weights, colors, 
and base materials used as well as an 
outline of the differences between vul- 
canizing and non-vulcanizing types of 
rubber cement B F Goodnch, Public 
Relations Department, Akron, Ohio — 
Gratis 

Flexible Shaft Remote Valve Op- 
erating Gear is a 31-page booklet 
including the most advanced engineer- 
ing information relating to valve-con- 
trol practice suitable for industrial, 
chemical, and marine use Stow Manu- 
facturing Company, Binghamton, New 
York — Gratis 

Electric Timers, Bulletin Number 
1100, IS a four-page circular outlin- 
ing various industrial and laboratory 
testing applications of table and wall 
model stop clocks, precision chrono- 
scopes, stop watch controllers, and 
spring wound X-ray timers C H 
Stoelting Company, Industrial Divi- 
sion, 424-P North Homan Avenue, Chi- 
cago 24, Illinois,'— Gratis 

POLYWELD, THE CBOICE OF RADIO MeN, 

is a six-page bulletin dealing with 
liquid polystyrene— its dielectric con- 
stant and power loss factor It is recom- 
mended for ^'doping,** coating, impreg- 
nating, or seahng for radio frequency, 
ultra-high frequency, very-high fre- 
quency, or general electronic applica- 
tions American Phenolic Corporation, 
IBBO South 54th Avenue, Chicago SO, 
Illinois.— Ch^atis to electronic engineers, 
radio men, and radio amateurs. 



THE WELPROD 

ELECTIIC WELDEI 

For Skop, Farm aal Hama Rapairs 

W«ld«, brasM, tIlv*r-Ml<i«rt, oil 
AnyoiM con opnrolo it lUpoirt ctnoi, certi 
iron, aluminum, brou, coppor, bronso, otc 
CompUlo wiHi powor unit, Aomo and 
motollic arc ottocnmunH (Roolly two wold- 
•rc In ono) Coibonc, Auxoc, rods, mock 
included Juct pluf It Into oioctric outfit 
110 volte AC or DC For bobbyiet or 
proiictienal 

ONLY 

Vied by Defense Plants Ouor- 
anteed for one year Complete 
simple instructions with each 
set 

WELDER PRODUCTS CO. 

321 Braadway, Dapt tA-2, N.w Yaric, N Y. 



VOU INVINT 

Onr FREF BOOK tells you what to 
day’s inventive market want* — how to 
put down, patent and cell your idea* 

Scores of letters in our files attest to 
the modern demand for invention* — 
our long experience Registered Pat 
ent Attorneys will help you Oct our 
FREE BOOK, “llow to Protect, 1 1 * 
nance and Sell Your Invention ’ Also 
•special document free, “Invention Rcc 
ord ’ on which to sketch and detcriKe 
)otir invention Write today No obligation. 



NffoMORROW A BKIHMAN 

Fotint AHorntyt 

1755 Atlantic Bldg , Woshingfan 4, D C 


Army Auction Bargains 

Musket screwdrivers, 3 for .$0.80 

Flints, assorted, 10 for 1 00 

Krag rear sight, Model '92 1 00 

Caoet cart mx, black 00 

State buttons, 5 different for ,75 

Corbine boot, 13 inch, black 40 

Prices do NOT include postage 1945 catalog 3M 
pages mailed for one dollar Circular for 3C stamp 

FRANCIS BANNERMAN SONS, 501 Broadway, N Y. 12 


For Scientific and Technical Books 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 
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50 % 


Our Book Corner 

THC BOOK DEPARTMENT of SclontiBc Amorlcon ii conducted, with the co- 
operation of the Editors, to make ovalloble for you a comprehensive book 
service Eoch month the Editors select ond review In these columns new books 
in o wide range of scientific ond technicol fields In additbn, they ore reody 
at all times to odvise you regordlng the best ovailoble books on any sublect. 
You are invited to use this service freely Tell our Book Department whot 
kind of books you want, and you will be furnished with the names of ovolloble 
books, including prices When Inquiring about books, pleose be specific; 
remember that we can be of the greatest help only when you tell us |ust what 
you are looking for Books listed in these columns moy be ordered from our 
Book Department Add 25 cents ^er book for mailing outside U S All re- 
mittonces ore to be mode In U S funds Prices given ore subject to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, located In 
the United Stotes, or men In the Navy, Morines, or Coast Ouard, locoted any- 
where, will be delivered. Insurance fees should be sent with orders, as follows 
To $5 in value, 3< additional, from $5 to $25, 10^, from $25 to $50, 15< 


ON TECHNICAL BOOKS 

QuontiiiM Limited 
Order Now 



Original 


TifU Authof 

Price 

NOW 

Scattering of Light and the Raman Efiect 

BiuisavaaUm 

$4 75 

$2 50 

Hair Dyef BC Hair Dyeing 



Rodsrova 

5 00 

2 50 

White Shoe Drettinffi and Cleaners 


W D John 

1 75 

1 00 

Chromosomes 



White 

1 50 

1 00 

Chemical Species 



Thamermeni 

4 00 

2 00 

Private Generating Plant 



Proten 

2 50 

1 75 

Roof Construction 6C Repair 



Molloy 

2 50 

1 75 

Substitutes 



H Betineit 

4 00 

2 50 

Tin Solders 



Nightingale Sc 
Hud ton 

2 75 

1 50 

Wireless Coils, Chokes SC Tranaformers 

Camm 

2 50 

1 75 

Manual of Endocrine Therapy 


Cinbarg 

3 25 

2 00 

Milling Practice 



Molloy 

2 00 

1 00 

Tropical Frutu 



Sukh Dval 

2 75 

1 75 

Welding Sc Metal Cutting 



Molloy 

2 50 

1 75 

Firepumps SC Hydraulics 



Potta Sc Hamtt 

2 30 

1 25 

Handbook of Mica 



Chowdhury 

6 00 

3 00 

Scromberg Injection Carburetor 


Fuher 

2 50 

1 75 

Pumpf and Pumping 

Molloy 

2 00 

1 25 

Reinforced Concrete Construction 


Cantell 

3 00 

1 50 

Elementary Mathematics for Engineers 

Fleming 

2 50 

1 50 

Press Tools 



Molloy 

2 50 

1 75 

Jigs, Tools Sc Fixtures 



Gatet 

4 00 

2 00 

Methods SC Analysis of Coal SC Coke 



1 50 

1 00 

Aviation Instrument Manual 

5 00 

3 00 

Wiring Circuiu 



Stuart 

2 30 

1 50 

Modern Oil Engine Practice 



P Molloy 

5 00 

3 00 

Aircrew’s Book of Practical Mathematics 

Robinton and 
Allan 

1 50 

1 00 

Superhet Manual 



Camm 

2 50 

1 25 

Automatics in Engineering Production 

Molloy 

Meteorological Glossary 

2 50 

1 25 

3 00 

2 00 

Experimental Physics 

Bellamy 

3 75 

2 25 

Rubber and Its Use 



Fiaher 

2 25 

1 50 


(To ebove prices add 10 cents domestic postege 
For each book For foreign postage add 15 coats 
for each book.) 


(All prKec subiect to change without notice ) 
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THE MODERN GAS TURBINE 

By R Tom Sawyer 

O F IMMENSE interest today to the 
technical man and the ordinary 
citizen, the gas turbine has been dis- 
cussed at great length in the last few 
years in the newspapers and the maga- 
zines Now a highly qualified authority 
has written this comprehensive text- 
book The fundamental treatment which 
he gives the subject will be welcomed 
by many who want a source of ac- 
curate and thorough knowledge of this 
engineering development that holds 
promise of being widely adapted in in- 
dustry and transportation in the years 
following the war In addition to cov- 
ering industrial, marine, railroad, and 
turbo-supercharger applications of the 
gas turbine, Mr Sawyer includes up- 
to-the-minute data on its application 
in aviation's latest and most interesting 
development — jet propulsion This book 
IS undoubtedly one of the most im- 
portant contributions so far made to 
the literature of the gas turbine It 
will be widely read, and it deserves to 
be (216 pages, 6 by 9^ inches, many 
illustrations, index ) — $4 10 postpaid — 
JC 

INDUSTRIAL PURCHASING 

By Edwin Laird Cady 

T eam work in industry is essential 
to successful operation, one of the 
most important men on Uie industrial 
team is the purchasing agent He is in 
a position to further the interests of 
his employer out of all proportion to 
the importance — or rather lack of im- 
portance — ^which too many people at- 
tach to his job In this book, Mr Cady, 
one of the Contributing Editors to 
Scientific American, digs deeply into 
the functions of the success^l pur- 
chasing agent and shows particularly 
how this job can best be coordinated 
with the rest of the team The text will 
serve not only to put many a pur- 
chasing agent on the right track but 
will interest everyone who has any 
contact with purchasing Sales man- 
agers, production executives, salesmen, 
and accountants will find much meat 


in this book which has been written 
out of years of contact with mdustrial 
management Because of the simplicity 
with which its practical lessons are 
handled, it will also provide a com- 
prehensive view of industry for those 
youngsters who have ahead of them 
the job of finding out what makes the 
world of business tick Without a doubt 
this IS the most searching analysis of 
the whole broad field of mdustrial pur- 
chasing that has ever been made avail- 
able in straightforward, down to earth, 
factual style (256 pages, 6 by 9 inches, 
a few reproductions of printed forms, 
comprehensive index ) — $2 85 postpaid 
—APP 

FOR THE SAKE OP ARGUMENT 

By Norman G Shidle 

E ditorials — 19 of them — from the 
Journal of the Society of Automo^ 
twe Engineers comprise the text of this 
interesting little book They give the 
answers of an experienced editor in 
the field of industrial journalism to the 
question What is chiefly responsible 
for fits and misfits, successes and fail- 
ures in this competitive economy of 
ours*^ It makes extremely stimulating 
reading because the reader will un- 
doubtedly conduct many a mental 
argument with the author (32 pages, 
6 by 9^/^ inches, unillustrated, paper 
covers ) — $1 00 postpaid —A P P. 

TELESCOPES AND 
ACCESSORIES 

By Dimifroff and Baker 

F inal book of the Harvard-Books-on- 
Astronomy series Contents Light as 
a Tool (optical basics), Visual Tele- 
scopes (types of objectives and eye- 
pieces) ; Storing Light (the photographic 
process, with discussion of fine-grain 
developers, emulsions) , Photographic 
Telescopes (image errors; hi^ly curved 
types of photographic reflectors — 
Schwarzchild, Couder, Ritchey-Chre- 
tien, Schmidt, Wright, Maksutov, Baker, 
Petzval, Cooke triplet, Ross lens— with 
flexible, umt-fobus curve specifications 
for the optics of each); Sifting Light 
(spectroscopy) ; Measiuing Lii^t (pho- 
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The Editors Reeommend 


tometry), Instruments for Solar Re- 
search (spectroheliograph, spectroheho- 
scope» McMath-Hulbert Observatory, 
coronagraph, quartz monochrometer), 
Buildmg a Telescope (general discus- 
sion, with recognition of amateurs) , In- 
visible Glass (evaporated films), Lists 
of largest telescopes and of Shmidt 
cameras (amateur and professional) , 
striking photographs of diffraction 
images. Tl^ book is compact, tells much 
in few— perhaps too few— words Suit- 
able for advanced amateurs (309 pages, 

5% by inches, 182 illustrations)— 
$260 postpaid— A Gi 

SCIENCE YEAR BOOK OF 1945 

Edited by John D. Rafcliff 

C ollected from the most reliable 
magazine sources, the series of ar- 
ticles published in this volume covers 
the latest and most exciting develop- 
ments in the worlds of medicine, 
physics, chemistry, aviation, and other 
sciences They give the reader a broad 
view of what is going on in science, 
particularly as it is pomtmg the way 
to peace-time use of war-time discov- 
eries (224 pages, 6 by 8 inches, un- 
illustrated )— $2 60 postpaid —A P P 

MEET THE ELECTRON 

By David Grimes 

E lectronics, a comphcated and increas- 
ingly important science, is clearly 
explained m this book for readers lack- 
ing specialized techmcal knowledge By 
reading it carefully, the average layman 
who IS interested can inform himself 
thoroughly on what electronics is and 
what It can do in its specialized applica- 
tions The illustrations add a lively note 
of clarification to the text (120 pages, 
51^ by SMs inches, index)— $210 post- 
paid — J C 

PRINCIPIO TO WHEELING 

Earl Chapin Moy 

F rom a colonial iron furnace at Piin- 
cipio, Maryland, (1715) to the huge 
furnaces and steel mills at Wheeling, 
West Virginia, (1945) the text of this 
fascinating volume covers more than 
two centuries of metallurgical pioneer- 
ing and expansion The author has un- 
earthed many new facts regarding the 
development of the production and use 
of iron and steel m the Umted States, 
some of them concerned with the previ- 
ously little known connection between 
(George Washington’s family and the 
mining interests of the day The text is 
vivid m its human treatment of an im- 
portant phase of industrial history (335 
pages, 6 by 9 inches, a few half-tone 
illustrations ) — $3 10 postpaid —A P P 

JANES FIGHTING SHIPS, 
1943-1944 

Edited by Francis E. McMurtne 

D escribed and illustrated in copious 
detail in this year’s edition of the fa- 
mous guide book to the world’s navies 
is the gigantic haval power of die United 
States that is striking and striking again 
these days in the home waters of Japan, 
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PROCEntillES IN EXPERIMENTAL PHYSICS — 
By John Strong, Bh D A wraith of ueeful data of 
a practical kind for the couatruotor, experimenter, 
and akilird rraltaman S6 80 

HIGH FREQUENCY INDUCTION HEATING — 
By Frank W Curtl§ Anawera many tfueatiuna con 
ceming induction heating and ita utility in induatnal 
proceaaea Thoroughly practical in acope $2 8S 

MANUAL OF LABORATORY GLASS-BLOWING 
— By* K II Wright A practical book containing 
latcat information on the fundamental operations 
of glaaa blowing, both elementary and advanced 
^ pagoft, illuatrated $2 60 

TOOL MAKING — By C M Cole Inatruitiona for 

making and u«ing all kind« frcmi iieraoiial toola to 
arbor preaaea, lathea, planers, etc , in different 
metals $3 60 

TECHNIQUE Oh PLYE OOD — By ChmrUt B 
Norrit Technical ifformation on all phases of ply 
wood manufacture and uae, compiled for engineers, 
designers, and uaera of plywood Important to 
many phases of wartime housing and manufacturing 
problems 82 30 

OPTICAL WORKSHOP PRINCIPLES — By Col 
4 hortoM Wartime translation of a Front h 

work on precision shop optics, with heavy emphasis 
on actual handiwork Covers glass abrasives cements 
mechanical theory of %i|urktng optical surfaces sur 
facing, tests, centering, and so on 86 10 

HANDBOOK OF CHFMISTRY AND PHYSICS — 
A classic refirence book recently revised and brought 
up to date to keep pa< c with recent research In 
eludes material on all branches of chemistry, physics, 

• and allied sciences Used iii laboratories and by 

I engineers throughout the miintry Flexible binding 
2571 pages 84 lO Foreljni 84 $0 postpaid 

ATOMIC ARTILLERY — By John hmlloch 
RobartBon Llectrona, protons, positrons, photons 
neutrons, and cosmic rays all described fur the 
la>man in plain language Also transmutation of the 
elements and the manufai tun of artifu lal radio 
activity 82 35 

EXPERIMENTAL SPECTROSCOPY — By Rolph 
A Sovoyor Covert theory and types of spec trosL opes 
and spectrographs, mounting and use of gratings 
determination of wavelengths, infra red spec troscopy, 
spectrochemical analysis and so on Somewhat 
elementary but requires knowledge of phvsics and 
some physual optics 85 10 

FJCPERIMENTAL ELECTRONICS — By Ralph 
If MuUmr, R L Carman, anti M F Drag 
A solid book of eminently practual Infoimatiun oh 
the characteristict and non communication applirn 
tiuris of electron tubes The Ifxt ilestribts expert 
nieiits and presents lesiilts bor students, radio 
engineers communications experts, and the serious 
gem ral reader 84 75 

PRISM AND LENS MAKING — By F Tieymort 
A wide variety of notea based upon a long lifciimr 
of practical optical shop work Not a full step by 
stop manual but a valuable working aid to the ad 
vaneml trlesc ope maker and others in optiral work 
ETiile the text deals ostensibly with professional 
quantity production, much of it is basically apphe 
able to single piece work 84 60 

1 PLASTICS — By / ## Dubois Revised enlarged 
edition of an important work on the whole gen 
eial subject of plastics plus much new material 
on synthetic rubber, manufacturing processes and 
plastic a moldings 83 85 


Best Sellers 
In Science 


A PRACTICAL COURSE IN HOROLOGY — Bv 
Harold L Kelly Definite, outright, practical in 
structions on watch making, repaira, and adjustment 

82 85 

SLIDE RULE SIMPLIFIED — By C O Horrlg 
How to use a alide rule without any of the mystlfi 
cation that often surrounds thb important tool of the 
engineer Excellent iUuatratlona moke everv thing 
clear 83 60 including a slide' rule; Cor book alone 

82.60 

THE ELECTRON MICROSCOPE — By Burton 
ond kohl A well written account of this newtst 
tool of scicDcc, with all technicalities explained for 
complete understanding by average person 83 9S 

A COURSE IN POWDER METALLURGY — By 
W miter J Bamuo A sound view of the overall aub 
Ject of powder metallurgy which will serve as an 
excellent guide and reference book 83 60 

ON YOUR OWN — By Croham ond O Rohm 

How to live suciessfiilly tf stranded in wild country 
food from natiin dangerous animals diseases, 
how to find >our way out 82 10 

PLASTICS, PROBLEMS AND PROCESSES — By 
HonBpmrgmr and Pmppmr The whole story of pla» 
tbs including a resume of manufacturing proctssts 
and a number of tboruugh going chapters devoted to 
plastics uses 83 10 

THE FUNDAMENTALS OF CHFMISTRY — By 

Honrom H OJfnmr This text introduces the reader 

to ell nil nth electrons acids alkalis and so on and 
then covers ibemlstry and its relationsliip to every 
day life 80 cents 

ELECTRONIC PHYSICS — By Hector, Lein, ond 
Sconton, A simplified text for those who desire to 
acquire a sound basis for following the advance of 
applied rlictroniis 83 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS — By C F l>*4leHo, 

How to pi I pare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

82 10 

FUNDAMENFAIS OF OPTICAL ENGINEERING 
— By Donald U JacohB This new work atarts 
lilt At the viry bt>;,inning la mainly non mathe 
matiial and is probably the best suited of all 
existing books as an introduction to optical design 
kuthor ii* a phvsuist at Bureau of Standards 85 10 

WITH THE WATCHMAKER AT THE BFNf H — 
By Donald DmCarle Simple, practical straight 
forward instructions on the repair of timepieces 
with direct Implications to the manufacture and 
rcjiair of delicate instTuincnta of all kinds 83 10 

ELECTRONICS FOR BOYS AND GIRLS — By 
Jeanne Hmndick Aciurately presented fundaracn 
tals that ;,ivr a i lear picture of electronics pain 
lessly and wiiliuut burdensome study 81 60 

MACHINFRY S HANDBOOK — IZth Edition, 
** Bible of the mechanical industry'* 1815 pages 
of latest standards, data, and information required 
daily in tin shop and drafting room 86 10 


^ The above prlrra are postpaid in the United States Add, on foreign orders, ^ 

^ 25< for postage on each book, except as noted ^ 

( \ll prliew auhjeet to ehangre tsitlioiit iiotire ) 
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Not Salvage— 
Not RejectS“Not Junk! 

6ach ptaca guarantaad a baautiful gam 
of optical >an<l machantcal workmanahip 
Notnitig just like thia malarial haa avat 
bafora b^ti ottered to amataura. Out 
pricaa ara a amall fraction of original 
coata. Llmitad aupply avaiiabla of itami 
liatad. 



eVepiece in focusing 

MOUNT, IH'' (35 mm) fl Surplus 
lot from war instrument Tremen- 
dously wide field of view Diameter of 
eye lens more thgn field lens 
All outside lens surfaces fiuoride 
coated Most remarkably efficient 
(brilliant) eyepiece ever Each $4*50 
Bushing to fit standard 1*4" telescope 
tube $3 00 extra Bushing to fit your 
special tube size $400 extra 
DOUBLE ACHROMATIC LENS 
SYSTEM All outside surfaces fluo- 
ride coated Zyi" (64 mm) fl 
Mounted, o d 1 3/16" (30 mm). Gear 
aperture H" (23 mm). Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a projection lens for Kodachrome 
slides size 2x2 Each $3 50 

ACHROMATIC CEMENTED OB- 
JECTIVE, m" (48 mm) diameter. 
1054" (264 mm) f 1 , not mounted, 
fluoride coated Each $3 00 

MIRRORS Front surface aluminized 
Ur X 2" (irregular), 1/16" thick 
Each 25c 

PRISMS Size 254" x 254", unmounted, 
white optical glass, excellent optical 
quality, slight edge imperfections 

Each $7 50 

Also the following — in metal mount- 
ings, ready to make into diagonals, 
fluoride coated, meet the most exact- 
ing requirements, corrected to 2 sec- 
onds of arc 

9/16" (15 mm) x 11/16" (18 mm) 
$200 (suitable for micro projection) 

1 1/16" (27 mm) x 1 3/16" (30 
mm) $3 00, and 1 5/16" (34 mm) x 
14^ (33 mm) $3 50 (these two sizes 
arc suitable for 6" and 8" diameter re- 
flectors) Also Amici roof prism, 
double inverting, guaranteed corrected 
to 2 seconds of arc, 13/16" (21 mm) 
X 13/16" Each $2 00 



ACHROMATIC NEGATIVE LENS, 
about —12" fl, suitable for Barlow 
lens, in mcUl mount 1 1/16" (27 mm) 
od , clear aperture H'* (23 mm). 
Each $200 

Include Postage— ‘Remti tinfh Order 
CATALOG of Unsoi, prWii, otc., lOe 

HARRY ROSS 

$ciofitlfic end loboiertofy Apporotus 
70 W. Sfpodwoy, N Y 7, N Y. 


thousands of nulea from the coast of 
North America FuQ treatment ia given 
also to the sea mii^tof our ally* Britain 
In their alphabetical turn, the navies of 
the rest of the world's nations, great and 
small, are exhaustively described in 
facts, figures, and photographs Vutually 
an encyclopedia of naval information, 
this book represents a vast labor on the 
part of its compilers, a labor all the 
more impressive m wartime when the 
powers, always coy about distributing 
naval information, have covered their 
maritime operations with a thick 
blanket of secrecy (557 pages, 8% by 
13 incnes, profusely illustraited.) — 
$19 00 postpaid — J,C 

JANE'S ALL THE WORLD'S 
AIRCRAFT 

Edited by Leonard Bridgman 

A COMPLETE record of aeronautical 
progress and activity throughout 
the world during the past year is here 
presented with all the facts about exist- 
ing airplane types, illustrated with 
hundreds of pictures Of particular m- 
terest is the section devoted to German 
and Japanese aviation based on infor- 
mation gathered from ‘‘reliable sources ” 
(300 pages 8 by 12 mches, profusely 
illustrated ) — $19 00 postpaid C 

THE FUNDAMENTALS OF 
PHYSICS 

By Bowen C Dees, 

Professor of Physics, 

Mississippi College 

A cxmious combination of a high- 
school physics textbook plus an 
attempt to correlate various phases of 
physics with their applications to mod- 
• ern every-day life is here presented m 
an endeavor to dramatize the linkage 
Fully four-fifths of the book deals with 
physical principles m an easy and un- 
derstandable manner, the remaining 
pages fall rather fiat in showing the 
applications The best thing that can be 
said about the volume is that its cover- 
age of elementary principles is clear and 
concise The comprehensive index will 
make it a ready reference book for those 
who do not want to dig too deeply be- 
neath the surface (486 pages, 5^ by 8 
inches, 205 drawings ) — 80 postpaid — 
APP 

SCIENCE TODAY AND 
TOMORROW 

By Waldemar Kaempffert 

S easoned newspaper and magazine 
writer that he is, Mr Kaempffert is 
fully qualified to survey the passing 
scene of progress in science and indus- 
try and to select and interpret those 
phases which have the great^ signifi- 
cance to the man in the street. In this 
second series of articles presented in 
book form — the first appeared in 1939 
and more than one-half of the contents 
of the first volume has been replaced by 
new material— 'emphasis is largely on 
the influence of the war on research and 
industry and on the social effects of 
science. Space rockets, mdustnal chem- 
istry, cosmic rays, evolution, electronics, 


invention, medicine, astronomy-^1 ere 
grist for the mill that turns faster end 
fester as science uncovers new factors 
of progress. And flhe grist that Mr. 
Kaemi^ert mills is as intellectually 
stimulating as it is socially important to 
our immediate future (279 pages, 5^ 
by SVt mches, unillustrat^.)— $285 
postpaid.— APP. 

THE ARGENTINE REPUBLIC 

By Ysabel F. Rennie 

H ere is a serious, carefully planned, 
and highly readable history of the 
powerful South American nation that, 
moving along a path mto whieh it was 
thrust by the clashing of its internal 
contradictions, has so long threatened to 
upset the apple cart of western hemis- 
pheric solidarity even when the apples, 
bright and luscious, sfre paid for by 
your Uncle Sam The author tells who 
owns the vast ranches and farms of 
Argentina and how they came by them, 
and why Buenos Aires has practically 
all the wealth and only a quarter of the 
population She also gives some facts 
that help to explain why a country with 
the longest and richest tradition of 
democratic liberalism in South America 
came to fall into the hands of small 
bands of militarists and pro- fascist des- 
perados, and where their control is like- 
ly to lead (430 pages, 6 by inches, 
illustrations and index ) — $4 10 post- 
paid — J C 

TAKE YOUR PLACE AT THE 
PEACE TABLE 

By Edward L Bernays 

O NE of America's foremost publicists 
here surveys the means by which 
individuals and groups are swayed in 
their opinions, he then attempts to pomt 
out how every person can use these 
tested methods to promote a just and 
enduring world peace The book pomts 
up the fact that matters of world affairs 
are also matters of individual resp^si- 
bility (60 pages, 8% by 11 inches, im- 
illustrated, paper covers)— $110 post- 
paid— APP 

THE BUILDERS OP THE BRIDGE 

By D. B Sfeinman 

H ere is the story of two great engi- 
neers, John Roebling and his son, 
Washmgton, whose work was an im- 
mense contribution to the advancement 
of America m the last century The 
sucessful bridge-building career of John 
Roebling, an immigrant from Germany, 
culminated in his plan for the Brooklyn 
Bridge, most graceful of suspension 
structures But just as the arduous 
task was getting under way, Roebling 
received a foot injury that caused his 
death The bridge was completed by 
his son, Washington, a gifted engineer, 
a brave soldier ba, the Civil War, and a 
man carved from the same granite as 
his father. This book is h|s story, too. 
The author has brought to his task of 
biography a deep and understanding 
admiration for those two great Ameri- 
cans. (457 pages, 5% by BVi Indies, 
index, illustrations )— $3.60 postpaid.— 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

Editor of fho ScionHAc Amoricon books "Amotour Toloscopo Mokiny" 
ond '^Amotovr Toloscopo Moklny A d voncorf** 


I N THE fourth edition of ‘‘Amateur 
Telescope Making/’ in his chapter 
on the design of mountings for tele- 
scopes» Porter wrote (page 142) that 
he knew of nothing better for a stable 
polar axis than the crankshaft of an 
auto engme, together with the engine 
block itself Several telescopes have 
subsequently been made, using such 
axes 

Before going into Army service, Dan- 
iel Langpaap, 200 Kessing Ave , Porter- 
ville, Califorma, sent in a description 
of a 6" reflector (Figure 1) mounted 
in that manner He states that the 
engine unit cost 75 cents and the whole 
telescope, including mirror kit and 
aluminizing of the finished mirror, 
$1681 

“The hour circle is graduated on the 
flywheel, and the declination circle is 
a protractor Parts of the starter as- 
sembly are used as the slow motion ” 
Commenting on Figure 1, R W Por- 
ter says, ‘Tve never seen a mounting 
that showed so much strength and 
weakness If Langpaap would stiffen 
his slender fork with struts to the fly- 
wheel, this would altogether alter its 
stability” When shown this comment 
Langpaap replied, “The Army was on 
my tail and I wanted to get the job 
done before I was inducted and they 
didn’t leave me time to do that This 
is my first telescope, but it isn’t going 
to be my last I am now in the army 
(aged 18), so this ends my telescope 
making for the duration 
“I thmk,” he adds “there is too much 
warning the beginner about the diffi- 
culties of mirror makmg My mirror 
came out an oblate spheroid but flgur- 
mg this to a paraboloid took only half 
an hour” 

By all odds the most blood-curdlmg 
warning to the beginner has been 
Ellison’s paragraph at the opening of 
Chapter V in “Amateur Telescope Mak- 
ing,” where he ominously says “We 



now come to the crux of the whole 
process Grinding and polishing are 
purely mechanical processes, which 
any handy man should be capable of 
learning in a few lessons But the man 
who can produce a perfectly true para- 
boloidal curve right up to the edge of a 
mirror is not a mechanic, but an artist, 
and the artist is born, not made ” He 
continues “Volumes might be written 
on the art of figuring and the reader 
of them would be no nearer being able 
to produce a true curve after reading 
them than before, if the talent were 
not born in him” 

Something has now been done about 
these awesome sentences From time to 
time, as stocks of “ATM” are sold 
out, new printings are made and, while 
a new printmg is not a new edition, 
minor textual changes may be made 
on these occasions One change that 
has just been made for the current 



fifth printing of the fourth edition is 
the insertion, on page 95, of the follow- 
ing Editor’s Note, directly bearing on 
Ellison’s bogey. 

“Many old-timers, advanced ama- 
teurs, vividly recalling the misgivings 
caused when they were novices by the 
opening paragraph of the above chap- 
ter, have urged with feeling that it be 
struck out of the book It also must 
have discouraged many from even 
starting 

“It IS probable that many— perhaps 
most — novices run away with the be- 
lief that a telescope either has a per- 
fect mirror or it will not perform At 
the risk of seeming to encourage 
slovenly standards it ought to be ex- 
plained by the Society for the Preven- 
tion of Cruelty to Beginners that a 
mirror has to be pretty bad before it 
won’t perform; also that a mediocre 
mirror will usually seem, at least for 
some time till your observing actuty 


has been educated, to be about As near- 
ly perfect as your first grandchild; and 
that the reasonably good mirror you 
should aim to make on your first try 
will probably seem about perfect for a 
while Thus Ellison’s paragraph mis- 
leads beginners by omission 
“Many, before beginning, think of 
making one telescope and one mirror. 



Figure 3. Angel cake cotch>pan 


which must of course be tops or else, 
and thereafter using it indefinitely 
More common is something like this 
On trying out your first mirror you 
exclaim, ‘I did better than I thought 
I could’ After a few weeks you add, 
‘but I know its faults and can do bet- 
ter, and while I’m at it I’ll make a big- 
ger telescope’ A year or so later you 
build a third, again larger, and your 
third minor will be on nodding terms 
with Ellison’s described ideal All 
along, as your observing eye has be- 
come more exacting, your manual skill 
has improved to keep pace (About 
this time you go back and, out of 
cunosity, re -test your first mirrors — • 
the ones you once thought good — and 
maybe grin a little ) 

“As for ‘talent,’ Ellison doesn’t speci- 
fy how much talent is needed but 
everybody has talent, which is mainly 
perspiration The words ‘artist . . 
bom, not made have been a real 
bogey to some, but read Ellison close- 
ly, he applies those terms to perfect 
mirrors alone 

“All sorts of plain average folks, 
thousands of them, have made success- 
ful mirrors, even editors Cheer up.” 

Experienced amateurs who recall the 
howling of the banshee in their dreams 
after their first reading of Ellison’s 
paragraph, quoted above, may now 
perhaps feel satisfied that this specter 
can no longer make the tyro’s hair 
stand on end 

“While home on a furlough,” writes 
another Army man, Pfc. James B. 
Downs, Jr , 14164282, Co N, 847th Sig- 
nal Training Battalion, Camp Crowder, 
Missouri, “I got into a discussion with 
an Atlanta amateur telescope maker 
As always, the discussion arrived at 
‘A.TM,’ ‘ATMA,** and your column 
‘Telescoptics’ We remembered some- 
where you had mentioned that you ex- 
pected an average of one or two mir- 
rors per copy of ‘A,T.M.’ Gur little 
club in Atlanta, appropriately called 
*The Cloudy Night Observers,’ has in 
its possession copies of ‘A.TM’ and 
‘A.TJM A ’ that have 13 mirrors to their 
credit and one in (process. 
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COMPLETE HIOH^RAOE KITS 
OUR SPECIALTY 

Bach kit hat two glaio disco 
(^rrcct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur- 
fiMseh Inetructions, FREE 
ALUMINIZED DIAGON- 
AL, etc. 

MIRRORS, made to order 

(PyrsK, #4 00) 

6;^ Kit 4 00 (PyrsK. 5.50) 

,5*. 5“ (Py»«t. 0 00) 

K‘* (Pyres. 15.00) 

12 Kit 15 00 (Pyrtx, 25 00) 

PRISMS U/4'' ^3.75, iVz^ ^.!J0 

ALUMINIZINO 

A hsMier «ad brighter stumUium csiting that i« 
Uniterm end pr^ucM e Utdng end •upenor re* 
Aectina surface. Guersateed not to peel or blitter 

• $240 

J.. M-W 

10" $540 

Mirror* for Camera., Range Finder, 
and other optical inMrument. 

Writ, for FREE ILLUSTRATED CATALOGUE 


THE PRECISION OPTICAL 

1001 last lUrd Slnst 
Saw York 00, N. Y. 


CO. 


RKFLKCTINO TELESCOPl KITS 
OUR SPECIALTY 

mirrors Made to Order 
corrMtly figured, polished and parabolleed Precise 
fuaranteed Prices on request *^®®*** 
WE DO POLiBHneo PARABOLIZING AND 
^ ^ ^ ALUMINIZING 

Send for PREK ILLUSTRATED CATALOGUE 

aa m ^ CHALFIN 

a.P.O. Sox a07, Raw York, N. Y. 


TELESCOPE 


MAKERS 


Quality materials of the RIGHT kind 

fr“i. *U.f 

John M Pierce, U Harvard St , Springfield, Vt 


ALUMINIZED 

*««M«|J«II06SI0 ooatinos 

G.I 111 . BEST No chant* In pneo. 

raieiiioN PLUS 

ALUMINIZED DIAGONALS. R.ctti.«il.r 
^ ?“*■ *®r iho^ocu. 

•"fhc.,"?. 

LEROY M. E. 0LAUSIN8 

5507.5505 Lincoln Avo, Cliieoga 25, III 



A Popular Illustrated 
Astronomical Monthly 

For am^ur eMronomers — new sur 
cherts, Gleenlags for telescope tnekers, 
pi^ for obeei^ers, end celeetiel photos 
02 SO a y^, domestic: 03 00 m 
Sittgio copy, 25 cents 

SAMPLE COPY ON KEQUEST 

SKY PUBUSMINQ eOKPOMTHIN 

Harvard Obsarvatory. Cambridga 3$, Maes 


*^The books belong to C B Moore, 
Jr, who broke them in on a 6" //8, a 
6'' //3.5, and an f/10. Frcmi him, 
the books went to D la Bowers and 
myself, where the following were 
ground 4^^ //16, 4" //8, 4" f/36, 4^^ 
f/1 5, 6" //2, and an //63 [Note wide 
focal ratio spread of the four 4'^ mir-» 
rors excellent experience for the 
worker who would put himself through 
the mill— Ed] 

“The 6"' f/2 turned out better than 
was expected It necessitated the use 
of an extremely large diagonal (Fig- 
ure 2) which cuts its effective light- 
gathering power very much [and adds 
to diffraction — Ed] Nevertheless, the 
12" focal length and 6" diameter is 
very useful for nebular observing 
Some of the very faintest nebulae show 
up The power is low but the field is 
very wide 

“Figure 3 shows the 6" f/2 in the 
pre-pohshing stage, using levigated 
alumina [and, as a most useful catch- 
pan, an angel cake tin exactly like 
one your scribe uses— Ed] We car- 
ried the pre-polishing until the glass 


''‘"'"-A*. . "rw, 




Figure 4* Simple portable mounting 

was almost polished'* before changing 
to rouge. The total ^ime for rouge and 
levigated alumina ,was about two 
thirds of the time r6uge alone would 
have required * 

“It is amazing what a sturdy portable 
mounting (Figure 4) can be made 
from some 2 x 2’s, 2 x 4’s, a dozen nails 
and a common lawn chair 
“From us *ATM’ and ‘ATMA’ 
next went to C H Kitchens and John 
Brown who built a 6" //3 8, an 8" 
//9, and a 3" //4 4 The 3" is pocket 
sized and Brown is carrying it with 
him in the Army The books then went 
to Conrad Headers, who ground a 6" 
f/S Then they went to Rolf Sinclair 
“Thus for two books we have 13 com- 
pleted mirrors and one more in process 

I NTERMITTENT miiTor makers, who can 
work a week but then must go away 
for a month, often return to find their 
pitch laps in bad shape because of slow 
flow and filling in of channels N J 
Siegel, Box 116, Forest Hills, N Y, 
obviates this difficulty by suspending 
the lap, face down,' over water in a 
receptacle This keepa it moist and cool 
What Siegel adtually does is to make 
the lap on a round metal plate much 
larger than the mirror, and uses a 
cardboard collar to confine the melted 
pitch to the desired diameter. Then, 
when leaving It for a protracted period, 
he inverts it over the water, the metal 
plate tightly sealing the receptacle at 


the same time Since the lap is made on 
the fiat backing, rather than the curved 
one of the usual glass tool, the pitch 
IS thicker at the center. When sus- * 
pended upside down it therefore tends 
to flow '’downward more at the center 
and this, he says, is easier to cold-press 
back 

To dispose of the mirror while 
absent he submerges it, face up, m the 
same receptacle and marks it “Don’t 
Touch*’ In some households this is 
probably sufficient but in others, where 
the lady with the grim, determmed 
face, the eager eye, and the waving 
dust mop goes on a tidying-up binge 
once a week, a burglar-proof safe, 
large enough to take the whole kit, is 
recommended Mysterious “spooks” 
often scratch mirrors One such finally 
proved to be the Everest’s cat Roam- 
ing the cellar o* nights it tracked across 
coarse Carbo on the floor and then 
tramped over the mirrors left between 
working sessions 


C ARBORUNDUM grains are obtainable 
two series, the familiar numbered 
series, like Nos 80, 120, 220, 400, 600, 
and a lettered senes, F, FF, PTF Many 
workers have been puzzleii about the 
reason for the two partly overlapping 
series and the relation between them 
Here is the answer, from the manufac- 
turers 

The approximate numerical grading 
of t he F series is F 280, FF 320, 
FFF 500 

The numerical powders are more 
closely graded 


%OME thermal expansion coefficients 
) per degree centigrade 
Common glass, about 00000090 
Quartz glass 0 00000058 

Pyrex 0 0000032 

Pyrex telescope disks 0 0000033 
200" mirror 0 0000024 


I N “ATM ” are innumberable side- 
lights that are likely to be missed 
unless the worker “chinks in” between 
mirror- making spells by frequent re- 
study Here is a case in point, m which 
a worker had read a certain note but 
it had not registered in his mind until 
he happened to read it while he was 
wrestling with a certain mirror prob- 
lem on which it bore 
“Not long ago I recall saying 1 wish 
I could get hold of a mirror with a per- 
fect edge, in order to know exactly 
what I am supposed to shoot at’ Not 
long after that my eyes fell on Hmdle’s 
paragraph on page 371, *A T M.* For the 
first time I realized what it meant Eyes 
that ijon’t see* Here was the very thing 
I had been hunting It took only a few 
seconds to cut a mask concealing the 
edge of the mirror, and the difiraction 
ring which appear^ around the inner 
edge of the mask was evenly illumi- 
nated on both sides, just as both edges 
of Everest’s straight-edge (’A.T.M.’ 
page 371) are illuminated. On removing 
the ma^ I was able to see that my 
right edge was brighter than the left, 
and so my edge was not perfect. I set 
to Wfxrk, and finally brought it rij^t. 
When I had ddne all that seemed pos* 
sible, I found that the edge looked the 
same with the mask as without it.” 
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Previews of the Industrial Horizon 


PATENT LICENSING 

DAILY correspondence shows plainly that there are a 
large nvunber of patent holders who desire to grant licenses 
under their patents, but who either do not know how to 
go about finding the right manufacturers or lack the facili- 
ties for doing so Such patent holders will be interested 
to know that there has been set up m the United States 
Patent Office a public register of patents available for licens- 
mg No charge is made to the patent owner for recording 
on this register the fact that he is willmg to grant such 
licenses on stated or reasonable terms 
In the words of Commissioner Conway P Coe* “Inventors, 
patent owners, and others desirmg mformation concerning 
this register should address their inquiries to the Commis- 
sioner of Patents. Commerce Building, Washington 25, D CJ* 


WAR-*STYMIED PATENTS 

Consider the case of an inventor to whom a patent was 
issued just prior to Pearl Harbor Under normal circum- 
stances, his patent would have given him the right to exclude 
others from making, sellmg, or usmg his discovery for a 
period of 17 years from the date of issuance However our 
hypothetical Inventor had devised an article which required 
strategic materials in its manufacture and the Government 
issued a war-necessitated order which prohibited and still 
prohibits its production That was some four years ago As 
of the present, almost one quarter of the life of the patent^ 
has expired, during which time fhe mventor, through n& 
fault of his own, has been unable to capitalize upon his in- 
genuity. 

The case is not unique There are a large number of patent 
holders whose rewards depend upon the strength of their 
patent rights and who must reap the harvest during the 17 
years of patent protection, or not reap them at all. When the 
effective life of a patent is cut short by a national emergency, 
it Is only Just that relief be granted to the inventor in the-^ 
form of a patent life extension equal to the period during 
which he was unable to exploit his invention. 

It is gratifying to note that three bills have been introduced 
in Congress to afford such rehef In essence, any one of these 
bills, if it becomes law, would provide for the extension 
of patents whenever the use of them is prevented by war. 
Copies of this page are being sent to the House and Senate 
committees to which these bills have been reported, in- 
dicating our full approval of patent extension wWe patent 
rights have been curtailed b^ause of the war. 

The bills referred to are S. 840, HJl. 2043, and HJR. 3009 
Readers who wish to obtain further details or to comment 
upon this legislation are urged to write or wire to Senator 
Claude Pepper, Chairman of the Senate Committee on 
Patents, and Representative Frank W Boykin, Chairman of 
the House Committee on Patents 


THAT ALL MAY lENEFIT 

C^N THE industrial horizon looms the biggest composite Job 
that ever faced this or any other nation from the beginnings 
of time Conversion from war-production to manufacture 
for civilian needs and desires, employment for the millions of 
returning war veterans; maintenance of an economy that 
has come to be known as “the American way”, and, perhaps 
most important of all, application to industrial pursuits of 
the vast technological knowledge aoqiured during the war. 

Appropriate to constructive thinking about these facets 
of die future are the followmg statements by outstanding 
figures in American industry: 

'*Our problem,” says Dr Gaston Du Bois, senior vice presi- 
dent of Monsanto Chemical Company, “is not merely one of 
reconversion but sdso, and quite as important, it consists 

I 


A, A 


in the creation of entirely new things, new demands, new 
activities, which alone can give jobs to an increased number 
of workers working shorter hours and at higher rates than 
before the war. . Technologists realize that such develop- 
ments require a certain incubation period which, if delayed, 
will delay the creation of new Jobs It should be possible 
for mdustry to pilot-plant these new developments now.” 

Emphasizing that m the post-war period the demands upon 
research of all kinds — industrial as well as pure science, 
social, and political—will be extremely heavy, P. R. Cassidy, 
executive assistant, The Babcock and Wilcox Company, 
says* “If we do not plan more intelligently for controlling 
this demand [for material things], than we did after the last 
war, we shall repeat the rapid miflation and the consequent 
cyclmg from inflation to depression If we concentrate on 
material things, and pre-war ease and comfort when this war 
ends, we shall be Uotus eaters*. . The war has taught us 
that when all our citizens concentrate on a common ob- 
jective and co-operate toward its accomplishment, wonders 
can be accomplished If this can be done for the negative 
purpose of war, it can also be done for positive purposes 
dealmg with the welfare of our people** 

“We know that research and invention create new indus- 
tries and new markets, which m turn generate new auxiliary 
industries and new Jobs,** says Dr Cole Coolidge, assistant 
jrhemical director, E. I. du Pont de Nemours and Com- 
pany. “In 1900 the horse and buggy business gave work to 
around a million persons In a typical pre-war year the auto- 
mobile industry furnished employment, directly and in- 
directly, to more than six milhon persons . Our high 
standards of hving, and our hope for the future, lie m our 
producUvxty That is the key word of our whole industrial 
mechanism . . The thousands of people making cellophane, 
nylon, and neoprene, for example, hold Jobs that at the end 
of the last war did not exist.** 


IMPROVING ON RESEAltCH 

\A/ren General Electric undertook the Job of designing a 
warmed oxygen mask to protect high-altitude aviators from 
the dangers of frozen moisture that might clog ports and 
valves, accepted testing procedure involved human guinea 
pigs who sat for hours, uncomfortably, in cold rooms. To 
eliminate this and, at the same time, to maintain better con- 
trol over the tests. General Electric scientists designed a 
mechanical head that simulates the thermal properties of 
the human face and head and which breathes through the 
nose and mouth. 

By such sensible means does technology advance, elimi- 
natmg variable factors and putting its experiments and tests 
on ever more sound and reliable bases 


FOR FUTURE REFERENCE 

At Ohio State University is the A> F. Davis Welding 
Library, one of the most extensive collections on welding in 
the world; engmeers doing original work in welding are in- 
vited to send their papers to ^e Library for use by indus- 
try; patent numbers of patents on welding are also desired 
to complete the file. . . Use of virtually pure oxygen for blast 
furnace operation may reduce steel mill fuel costs. . . A 
minor revolution m agriculture is predicted through the 
design of new plows and cultivators. . • Successhil war-time 
expenence with “suggestion boxes'* in many industries in- 
dicates that this employee co-operation system will be car- 
ried over into peace-ttoe and probably expanded. 
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These 
scientists 
are working 
for YOU 




A 0-1 SCIINTIST, winner of the 
Nobel prize» studies oil films in a 
pan of water. And out of this research 
comes a clue to make glass invisible, 
to make metals stronger, to create 
a fog by machine. 

Engineers working with certam 
kinds of radio waves run a tempera* 
ture. A G-E fever machine utilizes 
this principle, so doctors can treat 
patients with artificially created 
fevers. 

This page of pictures isn’t one- 
hundredth part of what is going on 
at General Electnc. But you will see 
a few ways in which life can be made 
easier, healthier, and happier. And 
that’s what we are trymg to do. 
General Electric Company^ Schenec- 
tady^ New York, 


Worst woothor In tho werid is found atop 
Mt. Washington, N.H., where ioe feathers 
like theee sometimes grow three feet in a single 
night, and where G-E scuentists are conductmg 
cold weather reeearch for the Air Forces. 



Ivor so# iKiro vHondnsT These three pinches 
of vitamto cr3rstals In the hand of a G-E 
scientiBt are enough carotene, vitamin C, and 
thiamin to supply the average man for one 
day Reeearch at Q-B Consumers Institute 
helps improve diet, make food taste better. 


General Electric devices are helping the Sign^ 
Corps, the Weather Bureau, and the Air 
Forces predict the weather all over the world. 
Accurate weather prediction aids troop move* 
ments, saves crops, protects you 



Oectrons took fkto photo* This picture of gold* 
made by shooting electrons through a gold 
sheet less than one-millionth of an inch thick, 
was made m the G>E Research Laboratory, 
where sdentiste are studying m eta l s to 
make new stronger combinations. 



YovccmoctooNy sooH 91^, New G*Bfbampls8tio grows like inagie When it stops growing, H’s ready for use. Lighter for its' siae than 
at the rate of an inch a second fiom a liquid resembling molasses, a loaf of bread, it promises to have many uses after the war. 


★ 


Hear the G-E radio programs The Q-E All-girl 
Oreheetra, Sunday XO p. m. BWT, NBC— TAs 
^orld Today news, Monday through Friday 
6 46 p m. BWT, CBd-The O-E Houee Party, 
Mon&y through f^day 4.00 p m. BWT, CB& 
fOe VKTOtY— SUY ANP HOlO WAA SONOS 
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50 Years Ago in . . . 



(Condensed from Issues of August, 1895) 


MOTOR CARRIAGES — “The carnages driven by petroleum 
now cost a cent or one and one-half cents an hour per horse 
power to drive them, so that even for a long journey the 
cost for fuel is not very great The first cost of an automobile 
carriage is about $1,000, not much more than a good oamage 
Hardly any one would care to run a machine carriage more 
than ten hours a day, the cost bemg 50 cents a day for fuel or 
$15 per month Under favorable circumstances a good horse 
cannot be kept in a large city like New York or Chicago for 
less than about $30 to $35 per month “ 

ROADS — “The roads m France and England are almost per- 
fection, but in this country a fairly good road is the excep- 
tion, 1 e, roads that are good the year round Between the 
mud of the ramy season and the roughness when this mud is 
frozen, there are long periods of time wl^en the petroleum 
carriage would have great difficulty in transporting passen- 
gers or freight” 

AUTO MANUFACTURE — “In matters of transportation, no 
question is more generally agitatmg the public mind tha^ 
that of horseless vehicles Their construction has reached 
a stage when it may be well for the carnage and wagon 
manufacturer to give it consideration Be made they will, 
and if carriage builders who are well equiped to produce 
them continue to antagonize their construction, stock com- 
pames, with ample capital, will be formed, and by secunn^ 
the patents they will control the manufacture and prove 
formidable competitors” 

ARTIFICIAL LIMBS — “The artificial limb manufacturer ranks, 
in a sense, with the reparative surgeon in the good he does to 
humanity Especially at the present day his operations are 
of importance TTie leg with restricted back and forward 
ap^cle motion was constructed by Mr A A Marks Ex- 
perience of ten years showed that the mconious and much 
praised ankle joint was too weak for hard service, and re- 
pairs were very frequently required Now, except m very 
Special cases, the ankle jomt is definitely abandoned, and the 
India rubber foot, the result of a vast number of experi- 
ments, IS employed ” 

TIRES — “With a rigid or semi-rigid tire the bicycle rider 
IS obliged to exert sufficient force to lift himself over every 
obstruction encountered by the wheel, the descent from the 
obstruction gives back a portion of the power expended m 
surmountix^ it, but not all of it In the case of the pneumatic 
tire, however, the small obstructions are not an opposing 
element of any consequence, as the tire yields, in lieu of the 
wheel bemg raised, and the result is the wheel travels as up- 
on a smooth track” 

REHEATING STEEL — “The Carnegie Steel Company at 
Homestead tested July 17 a new plan which Manager 
Schwab and Chief Electrician Kinkey have devised for re- 
heating molten metal that has become chilled before it can 
be poured mto the moulds The new plan consists in using an 
electric current, by wluch an mtense heat is generated The 
molten steel was set to bubbling, and the light and heat 
were so mtense that the workmen’s eyes suffered seriously, 
but at the next test they will wear glasses” 

METEOROLOGY — ^^Meteorological data will be a necessary 
to the engineers of dying machines, when practically per- 
fected, as charts aj*e to sailors Ballooning can be then car- 
ried on with much less risk than at present, since it will be 

Ad 


an easy matter to determine what currents of air are likely 
to be met at various heights, just as it is now a small task to 
find the Gulf Stream or the trade winds A still greater ser- 
vice will be rendered by this information to scientists, who 
now believe that men will be able to soar like birds as soon 
as the upper air currents are definitely understood ” 

TELEGRAPHY — “By the connection of several different lines 
telegraphic communication was established between Derby 
and Cape York, Australia, a distance by the wires of 7,246 
miles This is believed to the longest telegraph line in the 
world The rate of transmission was eleven words per mmute 
There were fourteen repeating stations” 

CABLE'S END — “A few days more will witness the ending 
of the cable system as a means of passenger transportation m 
Philadelphia Within a week every remaimng cable car on 
the Market Street mam line, the last link m the cable sys- 
tem, will be displaced by trolleys ” 

ELECTRIC LOCOMOTIVE — “With the view, principally, of 
escaping the nuisance of smoke and gases from a steam loco- 
motive in drawing passenger trains through a long tunnel, 
the Baltimore & Ohio Railroad, with the co-operation of the 
General Electric Company, has brought into its service a 
powerful electric engine The machine bears with its en- 
tire weight of 96 tons, or 192,600 pounds, on its eight driving 
wheels, which is considerably more than twice the weight on 



the drivmg wheels of the heaviest stealn locomotive It has 
two trucks and eight driving wheels of a diameter of 62 
mches each outside of the tires, the wheel base of each 
truck being 6 feet 10 mches, the length over all, 35 feet, and 
the height to top of cab, 14 feet 3 mches There are four 
motors, two to each truck, or one to each axle E^ch mo- 
tor IS rated at 360 horsepower and takes a normal current 
of 900 amperes at a pressure of 700 volts The controlling 
devices and measuring instruments occupy the mterior of 
the cab, the controller bemg of the series parallel type ” 

LEVEES — “Captain George McC Derby has announced that 
the attempted feat of building a levee with the force pumps 
on the great dredge, the Ham, was successful The Ram is 
very powerful, m practice it was found that she could de- 
liver about 2,000 yards per working day of ten hours The 
total cost per cubic yard of a levee built by the Ram to a 
height of 10 feet will be 301 cents per yard Hitherto the 
price of levee work has ranged from 10 to 12^ cents on an 
average per cubic yard” 

STREAMLINING — “A novel method of determining the curves 
of least resistance in water and air was recently employed 
at Newport News The idea was to make the water and air 
themselves shape the model, and accordingly rectangular 
blocks of ice were towed in the water, and the alterations 
in their shape and in the pull necessary to keep them mov- 
mg at a certam speed carefully noted Wax was the mate- 
rial used for the models moving m air, and the air currents 
"''ere heated sufficiently to gradually melt the wax.** 
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This IS a “flight trainer”— an electronically operated repbca 
of the PBM-3 flying boat. It was conceived by the Bureau 
of Aeronautics and developed by Bell Telephone Labora- 
tories to train Navy bomber crews on the ground. 

The new crew climb a few steps to get in and from then 
on it is like being in a big plane at night Controls tug 
against the pilot’s grasp and “engines” roar in response 
to the throttle From his desk, the instructor creates every 
situation of real flight — even to iced-up wings, conked-out 
engines and sudden air-pockets. The novice pilot and his 
crew get the feel of danger without the hazard 



Once the control dials are set, the various effects are 
automatically organized and set in motion by concealed 
machinery which includes 200 vacuum tubes, 60 motors, 

' loudspeakers and hundreds of associated parts. Twenty 
Laboratories engineers worked more than a year develop- 
ing the project. Drawings covered an area equal to 15,000 
square feet 

This IS only one of the 1200 projects in which our expei i- 
ence has been able to help the Armed Forces. What we 
have learned in devising electronic circuits to tram flyers 
will help build better telephones. 

BELL TELEPHONE LABORATORIES 


UfMoring and Invanting, daviting and parlocting for Hio Armtd forcot of war and for contlnuod oconomiot and ImfMovomonlt In folopliona toivfco. 
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Domr iLow IT 

Oh» workman or scholar. 
Hang on to your dollar 
And do not spend it soon. 
For every cent 
Unwisely spent 
Inflates the price balloon. 



IT MAKI8 ftCINTS 


POINTED RHYMES 
FOR 

TRYING TIMES 

by 

B«rlon Braiey 

Here is wisdom by the peck 

Versified to save your neck I 



Ts Buukst (black Buurket) to ipoBd lots of jack 
Carolou of kow sumj ccUliigs joa crack. 

To Market (black market) where prices are dear. 
•—Goth, there's a terrible obmU arooad here. 

If 

If you can keep your head and calmly ponder 
How silly spending drives the prices high; 
If yOu can save the cash youM like to squander 
And only buy the things you need to buy. 
If you can do your part to fight Infiation 
By simply being thrifty with your pelf. 
You*!! do a vital service to the nation 
And~>furthermore--you*ll benefit yourself. 



WHOT MIT 

Thors was a little dope with a fst 
paj eaTslope 

And she speat erery oeat that 
was ia It 

Aad she woadered. byaad-by. 
why the prices rose so hlph. 

Bat she didn't blame herself for 
aadaats. 



8NAICI IN THI OA8 

There was a crooked man and he 
hved m crooked style, 

He dealt at crooked markets with a 
smugly crooked smile. 

He viewed himself as dever with 
his crooked ration book. 

But everybody knew him for a 
.crooked bttle crook 


it it if 


THI OANO*S AU HMII 

Ton may ask, ** Why ahoald aip spsadlag 
Canse laflatlooaiy treadlac 
Thoash I seaaader erery penny I hate sotr* 
—If yon're Joined by slaty mlUloas 
Of dtllians blowing billions. 

YonTI dlseoter that It amtters qnite a loti 



YOU CAN LAY TO THAT 

A$ the best egg for a nesl-egg 

Buy a War Bond — buy a batch. 
But you gotta keep *em setUn* 

Or they ain*ta gonta hatch! 


Bonds yoa bay with payroll esralasst 
Help falflll year future yeamlnss. 


NO OAMBLI 

When the war Is over, wHl the prices 
rise or fall? 

We do not know the answer, and 
nobody does, at alL 
But this much we con prophesy — 
whichever way they go 
You will find it more convenient if 
you've saved a bttle dough. 


★ ★ ★ 


Money la year pocket. 
Take it oat and sock it 
Into War Bonds, which 
Help to BMke yoa rich. 


DOUILI AND NO QUITS 

When you boost your paydieck quota and attot it 
To another bond--U*s pretty soft for you! 
For, aUhough you*ve spent your money -^you 

have gat it. 

And the Interest is interesting too. 



★ ★ W 


INFLATIONAtY MAtY 

Infiationary Mary spills 

This silly kind of chatter* 

•*My little teeny-wee bills 

And spendings do not matter. 

"And if I cheat a bttle bit 
On ratiomng and ceilings 
The Nation's welfare isn't hit 

By my small lawless dealings!’* 

Inflationary Mary’s wrong. 

For she’d be much to blame 
If people in a mighty throng 
Should say and do the same. 

Small spendings, in the aggregate. 
Reach sums extraordinary. 

So let’s not try to imitate 
Inflationary Mary. 


it it it 


SAVl YOU! NIONIT. Buy and hold all the 
War Bonds you can afford— to pay for 
the war and protect your own future 
Keep up jrour insurance. 


Save your pay 
Here's a way— 

Bonds and savings and insurance 
Give your future more endurance. 
Mrs , Mister, 

Brother, Sister, 

Don't compete m buymg things 
That is whence inflation sprmgs 



ONI BnSON CAN START ITI 

You give InRcrtlon a beesf 

—when you buy anything you can do without 
—when you buy above ceibng or without 
giving up stamps (Black Market!) 

—when you ask more money for your servicee 
or the goods you seU. > 


A UaiUd SWtM WW OMMwe* p fWM C hf th« W«r A4v«rti«liNt Covieflt Bppn»v«d br tb« OBm of Ww lufonMtlQo 
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Above: French stemm tric/cle and trailer (1888) 
Right: Simonds* light steam road wagon (1894) 


Illustrations above are from Scientific American* Dates indicate year of first publication 


America On Wheels 


From Epan$^ Road Vehicle of 1789 ^ Through ihe 
Famou$ SeUen Patent of 1895 and the Rough* 
and*Tumhle Days of the Early 1900^$, to the Free* 
ent Day, Automotive HUtory in the United Staie$ 
Show$ a Domimaing Influence on the Growth of 
Other Industries^ Co-Operative Engineerings Im* 
peralive to the War Effort^ WiU Benefit Many in 
the Future 


By LESLIE PEAT 


S cores of competent engmeers are hard at work today 
trying to harness jet propulsion to highway trans- 
portation for tomorrow’s tomorrow. Thus the 
pioneering spirit of mankind which from time imtold 
has been seeking to eradicate distance and reduce time 
is still hard at work But research these days is corre- 
lated, and with the aid of organized facilities, instead 
of the handicaps of unrelated experimentation which 
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TRENDS OF 1902 

Of 23 cars, 18 had engines under the seat or in the rear, 
and only live had them under the ho€>d. 

Of 20 vehicles, 14 were battery-equipped; 14 had some 
form of planetary transmission, five had sliding pinion 
transmissions, and one had friction disks. 

Sixteen out of 32 had two speeds forward and six boasted 
three, 17 had chain drive, five used bevel gears, and one 
had spur gear drive. 

The average speed of a group of 26 vehicles was 20 miles 
an hour; average cost in the light-weight field was $896 
and $1585 for the heavier vehicles. In the light-weight 
group the engines averaged six horsepower. 

Most had tiller steering, and Packard advertised an am- 
monia gun to squirt at dogs with a penchant for running 
alongside and nipping at the tires. 


marked automotive developments before the turn of 
the present century, the future of technological advance 
IS a bright one 

While the chionology of automotive developments 
stems from hazy, almost legendaiy, writings, the real 
beginnings may be said to he in a patent granted to 
Oliver Evans for a self-propelled road vehicle in 1789 
and in Robert William Thompson’s British patent on a 
pneumatic tire 100 years ago Many steam, electric, 
treadle-opeiated, and other types of vehicles have ap- 
peared since An engine using gunpowder for fuel was 
made to opeiate — but it was too dangerous to become 
popular The track -layer, or Caterpillar type of tractor, 
made its bow 99 years ago 

No one person oi single corpoiate group can be 
credited with the development of the automobile as it 
IS known today It has been a gradual process with 
many persons in different countries sharing in the re- 
search that was destined to bring about the epoch on 
wheels of the 20th Century Although France led m 
initiating tests and expeiiments in the earlier days, 
America was from the first the leader in production 

The mdustry got a healthy start in this country about 
1900 with production during that year of aroimd 4000 
cars, and with managerial and organization talent 
quickly gravitating to this new and promising enter- 
prise from many long established industries American 
automobile builders contributed many improvements, 





David D. Buick^s 1904 model, the first Buick to go 
on the market. It sold for $850, top and lights $125 
extra. Buick formed a company with $75,000 capi- 
talisation m 1903 and had sold 750 cars by the end 
of the next year. In 1906 the company brought out a 
four-cylinder ear with sliding gear transmission* Gen- 
eral Motors Corporation bought the company in 1908 


but. the two most important aspects of the industry 
wl^ch developed here in the early part of the century 
were mass production, based on the assembly-line prin- 
ciple, and the standai dization of parts 
The period fiom 1900 to 1910 saw the mdustry out 
of the workshop stage — often m smithies — and mto an 
important branch of American manufacturing, while 
the next five years witnessed the adaptation of its prod- 
ucts to the middle -class market During both of these 
eias there was a remarkable growth mterrupted only 
by recessions con esponding roughly with changes in 
general business condit^ns 
Output m 1903 stood at 11,235 units, by 1910 it had 
]ump^ to 187,000, and five years latei to 970,000 After 
1917, the expansion was marked by five major factors 
The self starter, the cord tire, low-priced cars, instal- 
ment sales, and closed cars 
A recent study of a representative group of 1940 
passenger cais showed that the average retail price was 
about 23 cents a pound and $9 00 per horsepowei, as 
compared with about 32 cents a pound and $16 70 per 
horsepowei as of 1929 The price of the post-war car 
and truck will depend, of course, largely upon wage 
rates and materials costs, with the latter weighted 
heavily by the foimei 

IMAGINATION — The development of the mechanics 
of modern highway ti ansportation owes much to the 
older Ameiican manufacturing industiies, and many 
of the manufacturing executives got their start m rail- 
load shops, at tool makers’ benches, in bicycle plants, 
and in other factoi les which were long established when 
the first wheezing motor car passed them on a dusty 
street and fired their imaginations with the possibilities 
of the coming horseless-carnage era 
Many mteiestmg related factors reflect the influence 
of the internal-combustion engine on our way of life 



Mackes finit bus, 1900, was bought by a sight-see- 
ing company. Builders of many commercial vehicles, 
Mack also builds marine and automotive Diesels 


It has opened up isolated country districts, motor ve- 
hicles stimulated to a remarkable degiee the develop- 
ment of the country and its subsequent industrializa- 
tion America had no national or even state road pohey 
at the beginning of the century All the hard-surface 
roads m the country at that time would scarcely have 
formed a highway from New York to Boston if laid 
end to end None of it could be called “good roads’’ to- 
day 

But, roads or no roads, the motor car was being de- 
veloped in the United States at the turn of the century, 
when It was accepted by the pubhc as a useful vehicle, 
motorists demanded better roads The American Auto- 
mobile Association held its first good loads convention 
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More than 100,000 automotive service establishments 
in the United States, doing a pre-war annual business 
of about a half-billion dollars, have replaced the 
village smithy as repair shops. Several automobile 
companies started from blacksmith and wagon shops 


in 1907 — meeting jointly with the National Grange — 
to discuss methods by which loads could be developed, 
but it was not until 1916 that Congiess passed the Fed- 
eral Aid Road Act 

BETTER ROADS — Thereaftei the countiy began to 
build good roads with extiaoi dinar y speed Federal 
expenditures for roads jumped from 63 million dollars in 
1921 to 1171 million dollais in 1939 Aftei the war the na- 
tion’s roads will be model nized still further if Congress 
has its way Tentative plans call foi the expenditure of 
1500 million dollars foi a thiee yeai building and im- 
provement piogiam with the individual states and 
Federal Government matching the outlay dollar foi 
dollar 

As the automobile icvolutionized the living and think- 
mg of people, it was an equally dominating foice in the 
growth of othei industries When World War II broke 
out in Europe the motor industry was using a pre- 
ponderant share of many raw materials 51 percent of 
malleable iron 75 percent of plate glass, 68 percent of 
upholstery leather and 80 peicent of rubber In addi- 
tion, the automobile took more than 18 peicent of the 
steel output approximately 10 peicent of aluminum. 


some 13 percent of copper, and about 34 percent of lead 

The sturdiest link m the mdustrial entity built up by 
the motor vehicle is the oil industry In its early days 
gasoline, representing only a fraction of petroleum, 
was considered undesirable and refiners were some- 
times prosecuted for dumpmg the stuff into rivers and 
streams. 

Statistically, the oil industiy was bom when the 
mternal-combustion engine was mounted successfully 
on wheels Production of crude oil soared from 63 6 
million barrels in 1900 to 1500 million barrels two years 
ago 

Just as the motor vehicle industiy grew from infancy 
piior to World War I to one of the nation’s staunchest 
economic factors, it may be expected that the engi- 
neering, sales, and management programs of the auto- 
mobile and truck business will accelerate to new levels 
as soon as the war manufacturing job is ended Whatever 
the" compromises between comfort and style on the one 
hand and economy on the other may be in respect to 
passenger cars, the factors of durability and economy 
of operation will determine the success or the failuie 
of truck manufacture! s 

DURABILITY — Improving durability has been a 20- 
year achievement of the tiuck and bus manufacture! s, 
and then service experience with current military ve- 
hicles IS a substantial asset in continuing this trend 
Truck owners consider they are due about 50,000 miles 
of mechanical-trouble-free operation, whereas they in- 
dividually accept the usual 4000-mile guai antee on their 
own passenger cars This dependability of American 
trucks and buses is a complicated stoiy of careful de- 
velopment of materials, manufacturing rnethods, and 
detail design over a period of a quartei of a century 

It is safe to say that the design and manufacture 
of heavy-duty trucks and large buses have contributed 
moie to the progress of metallurgy during the past two 
decades than any other product Many of the metal- 
lurgical and lubricant developments which have made 
for better passenger cars have stemmed from the work 
and experience on these vehicles, where performance 
requirements were more rigid 

Gear steels of greater strength and longer fatigue 
life, other new steels which have multiplied by many 
times the life of springs, alloy irons for castings, less 
subject to wear and abrasion, extiemely hard materials 
for valve seats which, together with valve steel de- 
velopments, increased valve life fiom a few thousand 
miles to virtually the life of the truck, are a few ex- 



Starting the retirement of horse-drawn fire englncsy Mack built the first motorized hook and ladder fire truck In 1910 
and this pumper in 1911. Mack is expected to be an Important factor in the fire-fighting equipment field post-war 


AUGUST 1945 


SCIENTIFIC AMERICAN 


73 




Founder of the Autocar Company, Lewis S« Clark's 
vision led him to experiment with automotive ve- 
hicles in 1897. The tricycle with which he is shown 
here (hut which never went into production) had a 
single-cylinder engine and weighed about the same 
as a front spring of a 1944 heavy-dutv Autocar truck 


amples of metallui gical developments traceable to the 
constant effort to increase the life of the motor truck 

Virtual abandonment of the four-cylinder engme 
for the six-cylinder power plant enabled operation at 
higher speeds with greatly reduced destructive vibra- 
tion With the six-cylinder engine came a larger num- 
ber of bearings for crankshafts and force-feed lubrica- 
tion, which permitted carrymg heavier loads at higher 
speeds with a longer life than was possible with the 
previous four-cylinder designs 

To eliminate destructive “whip” m the longer crank- 
shafts of the six-cylinder engines, engineers developed 
torsional dampers which, when mounted on the front 
end of the crankshaft, resulted in mcreasing crankshaft 
life from an average of 35,000 miles a few years ago, to 
a pomt where a crankshaft today lasts almost indefi- 
nitely 

Higher operatmg speeds of both trucks and engines 
and higher output of engines were, of course, refiected 
in increased operatmg temperature throughout the 
engine. Since engineers could not limit the expansion 
of metal under heat, they set to work to make the ex- 
pansion uniform and thus prevent engme distortion. 

START AND STOP — In the fields of transmission and 
brake development, many automotive engineers believe 
they have a long way to go, although the newer types 
of transmissions offered with late model cars, truc^, 
and buses just before the war were a step m, this direc- 
tion Despite the lower efficiency of hydraulic couplings, 
torque converters, and mechanical automatic transmis- 
sions, engineers are agreed that improvements are de- 
manded because of the ease of operating heavy vehicles 
with these aids Hence many development projects are 
afoot in this area of automotive engineermg 

Brakes face radical improvements,^ Overloadmg is a 
common practice, and the necessity of carrymg off the 
heat generated had become acute before the war. Many 


truck i^ngineers are looking into aironfft brakO' gj^stems 
for an answer^ and a large number of profects on brake 
design and test work are underway tl^uc^ut the in- 
diustry. During the pasjt two decad^ life between brake 
re-linings has been more than quadrupled, thanks 
largely to the developments of hydraulic ax^ pneumatic 
systems and Improvements in metallurgy and brake- 
hning materials. 

FIRSTS — Probably in no industry has the ‘battle of 
the firsts” been waged with more words and mgendered 
more bitter and frequmt recriminations than in the 
automobile busmess. Most famous in the chromcle was 
the long-fought Selden patent case which stemmed 
from the experimental work of George B. Selden, a 
graduate of Sheffield Scientific School, Yale In 1877 he 
started to work on a “road engine,” and in 1879 filed a 
patent application on the basis of drawings and descrip- 
tions A patent attorney, he succeeded m keeping his 
patent from bemg* granted for 16 years. Thus in 1895 
he received a patent (U S No 549,160) for an inven- 
tion of 1879, but had not yet built a motor car. 

Then, m 1898, Selden assigned his patent to the Elec- 
tric Vehicle Company. In 1900 the company sued the 
Wmton Motor Carriage Company for infringement, 
notice having been served upon the mfant mdustry that 
stormy htigation was ahead The Wmton company and 
17 other manufacturers jomed with the Electric Vehicle 
Company and formed the Association of Licensed Auto- 
mobile Manufacturers which, by July 2, 1904, had 33 
members Names such as Olds, Autocar, Packard, In- 
ternational, Cadillac, Studebaker, and Buick were on 
the ALAM roster, as were important pioneering cor- 
porations which have ceased to exist or been merged 
with present manufacturers, Apperson, Knox, Locomo- 
bile, Hayes-Apperson, Peerless, Franklin, Thomas, and 
Pope, were among these 

Conspicuous by its absence was the Ford Motor Com- 
pany, and for the eight years of the ALAM’s existence 
Henry Ford fought — often alone — against the 1% per- 
cent royalty of the retail price which each member 
manufacturer paid the association The Ameiican Motor 
Car Manufacturers Association was foimed by those 
who, hke Ford, did not agree with the famed decision 
of September, 1909, handed down by Federal Court 
Judge Hough upholding the Selden claims By the end 
of 1910 Ford and Thomas B Jeffery stood out alone 



Most venerable of today's antomobile is the Oldsmo* 
biley which made its bow in 1897 with thb single- 
eylinder moddL A contemporary advertisement 
claimed a speed of 20 miles an honr on a smooth 
road* General Motors acquired Oldsmobile in 1909 
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The Cadillae, which fini appeared in 1902, waa a 
product of Leland and Falconer, machinery builders* 
Powered by a single^linder engine with a five-inch 
bore and a five-inch stroke, this vehicle had ball- 
bearing axles and a planetary transmission. An im- 
portant feature was a ^Siovel sparkplug which could 
be removed for cleaning with the greatest of facility^ 


Although in 1907 the royalties were reduced to 4/5 
percent, it has been estimated that the growing mdustry 
paid a total of $5,800,000 in royalties The ALAM was 
disbanded after the Circuit Court of Appeals held that 
the Ford Motor Company had not infringed the Selden 
patent The ALAM’s membership formed the Automo- 
bile Board of Trade, which soon became known as the 
National Automobile Chamber of Commerce, now the 
Automobile Manufacturers Association, the trade as- 
sociation of the vehicle manufacturers. 

In view of the circumstances just related, any resume 
of ‘‘firsts” m automotive inventions and developments 
must be done with a sketchiness which is necessitated 
by the cloudmess of the industry’s history 

By the turn of the century, the horseless carriage 
had become a fact and the automobile began to take 
on the semblance of a utihtarian vehicle rather than the 
fad it had been Eight thousand vehicles were in use 
These companies, still m business, were in production. 
Autocar, International, White, and Mack (now trucks 
exclusively), Oldsmobile, and Packard Scores of other 
famous names, since out of production, contributed to 
1900’s 4192 automobile production 
By the end of the next ten years, 522,497 cars and 
70,228 trucks, with a wholesale value of 385% million 



dollars, had been produced Among the mechanical 
improvements were the introduction of steering wheels 
to replace the tiller in 1900, and automatic spark ad- 
vance in 1901 — ^both by Packard, steering knuckle hy 
Elliott; shock absorber by E. V. Hartford, speedometer 
by J W. Jones; Prest-O-Lite for headlamps by Eugene 
Boumonville; demountable rims; lamps included as 
standard equipment by Pope-Hartford in 1904; tubular 
horns by Miller Reese Hutchison; tire chains by Weed; 
power tire pumps, ignition locks; storage battery as 
standard eqmpment mtroduced by Buick, front 
bumpers; nickel-plated trim by Oldsmobile, Buick’s 
slidmg gear transmission in 1907; vanadium steel intro- 
duced by Harold Wills of Ford; sleeve valve engines; 
left-hand steering; silent timing-gear chains; electric 
horns; baked enamel finish, helical gears; Hupmobile’s 
transmission and clutch mtegral with the engine, mul- 
tiple disk clutches; one-man tops; overdrive transmis- 
sion on Gramm trucks; and Buick’s six in 1910 More 
than 125,000 automotive inventions had been patented 
by the end of 1910, and nearly 200 passenger car and 
truck manufacturers were in the busmess at the end of 
that decade 

Automotive standardization was begun in earnest In 
1910 when the six-year-old Society of Automotive 
Engineers named Major Henry Strouther as chairman 
of its Standards Committee, and 13 divisions and their 
subcommittees went into action on scores of projects 

NAMES — Motor vehicle licensing legislation, install- 
ment selling of cars and trucks, an attempt to regulate 
used car prices, and cross-coimtry races were some of 
the highlights of that historical era during which Ford 
became one of the industry’s most important names 
and hundreds of companies ventured into the vehicle 
manufacturing arena These were rough-and-tumble 
days, in corporate financing and m vehicle sales schemes, 
as well as in engineering The decade from 1900 to 1910 
saw the beginnings of names now famous the world 
over, such as Buick, Hudson, Cadillac, FWD, Stude- 
baker (first with an electric and then in 1904 with a 



When Thomas H. White started to manufacture sew- 
ing machines some 96 years ag6« he laid the founda- 
tions for one of the most successful automotire ve- 
hicle businesses. The famous White Steamer stemmed 
from the Invention, hy his son RoOin, of the automo* 
bile fiash boiler in 1899. Above is the White Jiteam 
car and at left the steam Imdc, of 1900. "in 1909 
the company turned to gasoline engines exclusively 
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Packard*8 1902 ^^Old Pacific/' with the late Tolh 
Fetch at the wheel, made a transcontinental trip in 
1903 and blazed the trail for the Lincoln Highway. 
TIh 8 feat — and track racing — was the era’s most 
dramatic sales promotion for the horseless carriage. 
Formed in 1900 by an electrical equipment manufac- 
turer of Vt^arreiK Ohio, Packard Motor Lar Compa||> ^ 
was credited with many “firsts" during the initial dec- 
ade of the present century. First Packard that wali^'^ ,, 
offered for sole was purchased bv Wm. Rockefeller 


gasoline vehicle), Mack’s first bus, Giaham Oveiland 
— find, m 1908, the Willys-Overland — Reo, Intei national ^ 
Harvester Company, Diamond T, Packaid’s first tiuck 
Pontiac, Oakland, Autocar tiucks, Hupp Chevrolet, 
Lincoln, American-LaFi ance, and Fedeial Moie than 
350 other names, lost by meigei oi because of with- 
drawal from business, weie on the lostei of “those pies- 


% 


ent” during that penod Altogether, there have been 
more than 1500 makes of cars and trucks on the market^ 
all built in the United States 

The pattern of mass production was beginnmg. Al- 
ways dependent upon the products of suppher com- 
panies, the growth of vehicle demand nurtured many 
metal-woi king companies and established new ones as 
pioduction figures soared and as ne\y mechanisms were 
developied Despite advanced engineering of European 
manufacturers, American mass production methods 
staited a trickle of United States cars and trucks over- 
seas until, in 1943, total United States automotive ex- 
ports reached nearly 368 million dollars These often 
sold despite a substantial disadvantage because of heavy 
import duties abroad 

Many Amei ican cities ti led to legislate the automobile 
off then stieets m the early days Due to the vigilance 
of the motonst most of these legulatoiy attempts were 
blocked It is lecorded that the city fathers of Glencoe, 
Illinois, used tax-payeis’ money to build humps across 
the sti eets to discourage driving Speeds were held 
down Sale of gasoline for vehicles was forbidden m 
some places, although explosive cleanmg fluids were 
undei no ban Several states passed laws requiring a 
licensed steam engmeei to diive a steam car, and a 
numbei of statutes weie pioposed to make the same 
lequiiernent foi opeiatois of gasoline vehicles 

TRENDS ~ Automotive mechanical development can 
best be viewed in four periods Fiom 1900 to the be- 
ginning of Woild Wai I, World Wai I itself, fiom the 
Aimistice to the beginning of World War II and duiing 
the emeigency engineeimg achievements of World War 
II to date Here aie foui refeience points fiom which 
to considei design tiends of the cai and truck of the 
future 

In the penod of the fiist 14 yeais of this century, 
most of the lasting achievements weie made by m- 



Ati International tractor-lmck hauls logs out of the big woods in the state of Washington 
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Everything the citizens of 'franklin Square eat, use 
or wear is hauled to them by truck! 


F ranklin square, Long island, is the living 
symbol of over 50 thousand thriving American 
towns that already exist today. And of thousands 
more that can be built if trucks and highways are 
wisely put to work 

For here's a town that depends qn trucks — and 
trucks alone . T berets no railroad! Everything that 
rolls— in or out— of Franklin Square rolls by truck. 

Result^ Homes, goods, jobs for a prosperous and 
thriving community of 10 thousand people! 

Toda y— thanks to trucks ^ America can put to use 
whole areas that are ^*off die rail line *^— areas that 


might otherwise be wasted New fronuers are o pened 
^ jj^^- ^new towns , new industries , new op portunities 
for our homecomin g servicemen. 

Yes! All over America— through peacetime and 
war — trucking is a dynamic economic force. Re- 
awakening tired old communities — creating new 
''"ones. Stimulating jobs, industries, opportunities! 

50 thousand towns like Franklin Square are proof 
of this fact: With good roads — and the freedom m 
use t hem ^ truckin jsf cm th /Ae job! 

THE AMBuaMliaicnNG iNMisnrr 

^ AMMICAN TtUCNIHO AUOClMlOflt WAtHtN^TOWi ». C. 




TRUCKS CREATE NEW INDUSTRIES-NEW JOBS-NEW WEALTH « 
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dividual inventors. Often working alone, few were ever 
adequately rewarded for their labors Yet the pattmi 
of things to come was beginning to be clear, because 
some of the earlier failures were agam taken and 
made to succeed. 

The second period saw the beginnmg of coordinated 
engineermg effort demanded by the national emergency 
of World War I. The Liberty airplane engme was an 
example On May 27, 1917, the Government asked a 
group of outstandmg automotive engineers to develop 
an airplane engine Through co-operative effort, the 
production engine was dehvered to McCook Field, Day- 
ton, on Thanksgiving Day of that year. The Washing- 
ton office of the Society of Automotive Ekigmeers had 
participated m working out many of the details and in 
calling upon companies to assign men to the task Al- 
though the war ended before many of the Liberties got 
overseas, it was a good engme by the standards of those 
days. 

The third period saw the organization of great engi- 
neering and research staffs, and the building of huge 
laboratory and experimental facilities General Motors, 
Studebaker, Ford, and a late-comer, Chrysler (with its 
jdmost legendary Zeder-Skelton-Breer technical tri- 
timvirate in 1924) led the way Every major car and 
truck producer developed engineering and research 
organizations, as did the more progressive parts and 
components manufacturers A few new companies came 
into the automotive picture, and many faded By 1923, 
five years after the Armistice, the millionth Buick had 
come off the production hnes, and Ford had produced 
2,000,000 vehicles Duco was first used as the Oakland’s 
standard finish, ethyl gasoline was on the market, and 
four-wheel brakes had been mtroduced 

The production peak of cars and trucks was reached 
in 1929 with 5,358,420 units Motorists had available 
all-steel bodies, hypoid gears, rubber engme mountmgs, 


adjustable front seats^ hydraulic brakes, synchro-medi 
transmissions, safety gla^, and graceful styling. 

The fourth peti^ (during the present war emer- 
gency) has been marked by a vigorous cobrdination 
of the great research and engineering organizations of 
the automotive industry, ki the interest of wuuiing the 
war more qmckly. Never has the nation seen anything 
like this pooling of technologies. Under the genercd 
supervision of the Army and Navy engmeering staffii, 
new processes and designs, test data, and even experi- 
mental information have flowed freely between auto- 
motive companies Management of the automotive com- 
panies has assigned more than 3590 of their best engi- 
neers to more than 1400 war engineering projects con- 
ducted by the Society of Automotive Engmeers alone. 
The basic engineering work done will always be avail- 
able to American mdustry, except for those studies 
which may remam xmder the cloak of Government cen- 
sorship 

Actually a fifth period has already begim, because 
with cutbacks m weapon manufacturing programs many 
engmeers have now been released for post-war projects. 
A total of 86 million motor vehicles had been produced 
by the American mdustry up to the discontmuance of 
civihan production, but never has the market been so 
himgry for vehicles as it is now 

To ^e galaxy of development engineers — ^both in and 
out of the automotive mdustry — ^will be added thou- 
sands of men and women who have had an mtroduction 
to new developments through military service and other 
war work The ingenuity of this segment of the Ameri- 
can population has been fired by making and using the 
motorized weapons which have helped in the achieve- 
ments of the United Nations all over the world These 
people will demand that tomorrow must give them some- 
thing better than today’s superlatives They want prog- 
ress and they will get it by being part of it 



Modem roads relieve traffic eongeslkm by socii devices as the Kew Gardens Loop on Long liland 
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ENGINEERING 


Conductad by EDWIN UIRD CADY 


Machine Tool Magic 

Mochines Thot Moke Other Machines Hove Progressed Ropidly During 
the War, Yet the Immediate Future Will Demand Continuing Supplies 
of New Tools. Whot Improved Machine Tools Mean to Industry and 
Whqt May be Expected of Them in the Light of New Knowledge 


1"*^ OUSEHOLD refrigerators will 
run so quietly that nobody 
will know when their motors turn 
on and off. They will have deep- 
freeze sections as standard equip- 
ment, too. Printing will be sharper, 
clearer, on more beautiful paper, 
filled with color, yet so inexpensive 
that every busmess house will be 
able to afford better work than the 
pre-war best Automobiles will be 
hghter, faster, more durable, more 
economical, and much less trouble- 
some m such small details as filling 
up the gas tank and keeping the 
brakes adjusted Railroad trains will 
be faster, more comfortable, safer 
Television sets will come in much 
sooner than anyone expects 

These and a thousand other post- 
war promises can be kept because 
just one industry — ^the machine-tool 
mdustry — can back them up And 
right there is a story of yfhat the 
automotive mdustry has done for 
the United States and perhaps for 
the whole world 

It was away back in the dim 1906 
days of the automotive industry 
that dreaming executives began to 
see the real values of machine tools 
— ^machines that make other ma- 
chines. 

The slogans which the early auto- 
mobile makers used show what they 
were thinking Historians disagree 
as to who said what, whether any 
one idea was first expressed by Olds, 
Ford, Leland, Dodge, Willys, or any 
of the others who were equally 
great But all of these men were 
saying ^^automobiles will be manu- 
factured by men and power, and a 
machine tool is a means of submit- 
ting more power to the control of a 
man,’* and ‘‘no automobile ever will 
be as good as the madiine tools that 
make it, therefore for better cars 
we must have better tools,” and 
“as soon as we get the machine 
tools we want we can make good 


cars at any prices the public is will- 
ing to pay ” 

Ideas like this made the automo- 
bile industry the target of every ma- 
chine-tool designer and maker who 
had brains Cars got better and bet- 
ter right along with the machines 
that made them. And contrary to 
popular snap judgement the im- 
proved machine tools did not de- 
crease either the amount or the 
wages of labor Rather, in every 
case where direct comparisons could 
be made, it was found that the bet- 
ter the machme tools and the better 
the car the more the man hours of 
labor on it, even though the retail 
price went down. 

Automobile maik^s ran dozens of 
small factories as well as their huge 
ones, and proved that superior ma- 
chme tools work the same wonders 
in a small plant as in a large one 


But from the viewpoint of the ma- 
chme-tool builders, the trouble was 
that only a handful of mdustries 
(vacuum cleaner, refrigerator, radio, 
and the like) followed the automo- 
bile example As late as 1939 more 
than 80 percent of the machine tools 
in use m the United States were 
over 10 years old and a big per- 
centage were more than 20 years 
old And with its products lastmg 
that long and bemg allowed to get 
out of date that way, it was a good 
year when the machme tool indus- 
try had $350,000,000 in gross voltune 
to whack up among the 200 or so 
machine-tool builders 
The war changed all this Begin- 
nmg with 1942 the entire metal- 
working industry of our nation be- 
came like one big automobile 
industry. Nobody cared what a ma- 
chme tool cost, but many cared 
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about what it would do The object 
was to get out the most production, 
of the highest quality, and in the 
shortest time All sorts of factories 
— tobacco companies, tire builders, 
railway shops, gas stove makers — 
got large quantities of machine tools 
and started producing shells, tanks, 
precision instruments, mechanical 
products of the most exacting ac- 
curacies After learning the amazmg 
things that machine tools can do, 
many an industrial executive made 
up his mind to have the full benefits 
of them m the oncoming peace-time 

BIG SALES — One of the first to feel 
this demand was the machine-tool 
mdustry itself Its sales skyrocketed 
from $200,000,000 m 1939 to $1,322,- 
000,000 m 1942 Another billion dol- 
lar year was 1943, and 1944 followed 
along with $500 000,000 dollars 
worth of output Half of this may 
have been special machines useful 
only for war contracts But right 
now our nation has a full ten-years* 
normal output of machine tools of 
models less than foui yeais old 
Strange to say, this surplus does 
not mean that the machine-tool in- 
dustry will suffer from lack of noi- 
mal business volume, excepting for 
the reconversion hiatus which may 
affect all industry The progiess of 
the machine-tool useis who follow 
the course laid down by the auto- 
mobile industry will be to find new 
and better ways to do many things, 
requiring continual supplies of new 
and better machine tools or at least 
drastic rebuilding of old ones 
A large manufacturer of pumps is 
an example of what is happening In 
the pre-war years this plant stuck 


to many a machine tool that was 
over 30 years old Production lots 
of any one item were small, the line 
of products was highly diverse, and 
the management felt that it would 
do best with “old faithfuls” which 
its highly skilled mechanics knew 
exactly how to run 

The war change^ all that New 
machine tools caahe m and were in- 
stalled right beside the old ones 
And the better the mechanic the 
more advantage he took of rapid 
power traverses, pie-selectors of 
cutting speeds so the mechanic can 
set the speed for one operation 
while he is performing another and 
have that new speed come on auto- 
matically when he changes opeia- 
tions, one-shot lubrication so the 
whole machme is oiled or greased 
at a single push of a plunger, better 
lighting, moie micrometric adjust- 
ments with magnifying glasses over 
their scales so they will be quick 
and easy to read, and other features 

It became certain that the com- 
pany could make still more products 
and make them bettei , at lower 
prices, if it kept the new machines 
and discarded the old ones But 
there always was the question of 
which ne\y machines to keep 

CHECK LISTS — To settle this, the 
methods engineers worked out 
check lists of exactly what features 
any lathe, shapei, miller, or other 
machine tool should have to be ideal 
for the making of any one line of 
pumps in any department These 
check lists showed the management 
a surprising fadt 

There are few or no war-bom 
machine tools which are ideal for 
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Wifh this micrometer the 25-ton shaft 
of a vertical water-wheel generator 
IS measured to 0005 inch precision 

peace-time use The check lists 
showed blank space after blank 
space wheie no machine tools hav- 
ing all the desired abihties could 
be found 

This manufactuiei will use its war 
tools, or such of them as the gov- 
ernment allows it to buy (many 
of the best machines will be taken 
over by the navy yards and the air 
forces) to eain money with which to 
buy new ones But from the first 
minute of reconversion it will be 
looking for machine tools which can 
fill in the gaps in those check lists, 
challenging the design engineers of 
the machine-tool makers to work 
out new and bettei machines 

The schools in which mechanics 
and foremen aie tiained will change 
also Foi years the fact that these 
schools \^ere equipped with ma- 
chine tools of ancient vintage has 
been a national problem As far 
back as 1937, when the depression 
'was still with us, the machine-shop 
manageis of the nation weie getting 
together and trying to find ways to 
modernize the schools so the skilled 
laboi shortage could be lelieved by 
a constant sti earn of modernly 
trained men 

Now those schools aie to be 
equipped with government owned 
modem machine tools They will not 
be turning out men who know how 
to work on ancient models Their 
graduates will be trained to run the 
latest machines and to be quick 
about leammg how to run still later 
ones There will be skilled labor 
aplenty for shops which have late 
model machine tools but very little 
for those which stick to old methods 

MODERN IZATION — The railroads 
will modernize their shops too It 
was the lailroafi repair shops which 
trained such automobile men as 
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A MAJOI^ NSSD of America today is 
the discovery and development of 
scientific ability among boys and 
girls now in high school. Real abil- 
ity for creative research and engi- 
neering 18 rare Many who do not 
now have the opportunity to develop 
their scientific talents will be <Bs- 
covered and made available for 
Americans future progress through 
the Science Talent Search, con- 
ducted by Science* Clubs of America 
and sponsored by the Westinghouse 
Educational Foundation. 


WHY THE SCIENCE TALENT SEARCH WAS STARTED 

The objectives of this unique search are threefold* to discover high school 
seniors of exceptional scientific aptitude — to focus their attention on the 
need for developing scientific knowledge and skill in research ~ and to make 
the American public aware of the importance of science in their daily lives 


HOW ENTRANTS ARE TESTED 

Examination of entrants in Science Talent Searches is based 
largely upon rigorous science aptitude tests — to determine 
their research ability, reasoning powers and breadth of scientific 
knowledge. These teats are prepared by Dr. Harold E Edgerton 
and Dr. Steuart H Britt, prominent educators and psychologists 


HOW THE SEARCH IS CONDUCTED 

Each year, high school seniors all over America compete for Westing 
house Science Scholarships, of a total value of $11,000, by taking 
these aptitude tests and submitting original science essays. Selec- 
tion of the 40 finalists in the Annual Science Talent Search is 
based upon their records in aptitude tests, scholastic standing, 
recommendation of teachers, and science essays, in the order given 


WHAT IT HAS ACCOMPLISHED 

To date, 160 brilliant youngsters-winners oi^ience Talent Searches 
- have been awarded $41,500 in Westinghoflse Science Scholarships 
In addition, 429 winners of Honorable Mentions in the first two Science 
Talent Searches have received scholarships, valued at $132,450, from 
other sources Of perhaps greater importance, a continuing study of 
one of the early Searches has disclosed th^tjnore than 75% of those 
who entered this competition have actually to college — against 
a national average of only SSf^or high school students! 


SEND FOR SCIENCE TALENT SEARCH LEAFLET 

If you^re the parent of a scien- 
tifically-gifted boy or girl who 
will be a high school senior this 
fall ... or if you know of such 
talented youngsters send for 
Science Talent Search Leaflet 
SA-85^which gives full informa- 
tion about these competitive 
awards. Write. Wcstinghouse 
Electric Corporation, Box 1017^ 

Pitteburgh 30, Pa. 

Tunt in JOHN CHARLSS THOMAS— Sunday, §>30 pm, RWT, NBC • TRD MATX)NK-~Monday through Friday, tl am, EWT Bine Network 



Wbstin^ouse 

SLANTS IN as cults OFFICES tVtSYWMSSt 





a nation-wide search 
for scientists of tomorrow 
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Precision in machine tools, such os 
this thread grinder at the Jones ond 
Lomson Machine Company, insures pre- 
cision in the finat ossembled product 

Walter P. Chrysler and gave them 
their first modem methods minded- 
ness. But later on a large part of 
those shops went into the doldrums 
They had no money with which to 
modernize, and their old machine 
tools were adequate, with a few ad- 
ditions here and there, for the kinds 
of rollmg stock the roads owned 
Now the railroads are moderniz- 
ing their rollmg stock And the new 
equipment is made up of Diesel 
engines, turbo-electric engines, elec- 
tromotive equipment, ball-bearing 
journals on cars — refrigeratmg and 
air conditioning equipment in cars — 
the kinds of mechanisms which can 
be built and repaired only by the 
use of the most modem, high accu- 
racy machine tools 
liie steamship lines are a similar 
case. Gone are the days when the 
chief engineer could repair his 
engines by using a Stillson wrench, 
a drill, a file, a torch, and a suitable 
assortment of other small tools He 
has Diesels now, and highly com- 
plex electromotive drives, and tur- 
bines and other equipment which 
needs the very finest machine tools 
for overhaul and repair 
Everything, then, from the timest 
pump to the largest steamship 
engine, will require the most mod- 
em machine tools to build and to 
maintain it. , Ai^d the benefits to 
everybody will be plentiful 

ACCURACY-SUence in all kmds of 
moving machme parts will be had 
from hif^ea accuracies in their pro- 
duction and frmn the better bal- 
andixg #hich is part of accuracy. 
Accuracy of operation is built right 
into mpdem machine tools; the skill 
of the operator is In the ways in 


which he directs that accuracy and 
not in the ways he obtains it 

Versatility with high speeds and 
accuracy is another advantage 
Modem machme tools can be set up 
more quickly and for wider ranges 
of operations This removes limita- 
tions from product designers— they 
can work out their consumer or 
industrial product ideas without 
worrymg very much about whether 
or not the machine tools to make the 
resultant products can be had It is 
the versatility of modem machines 
which will bring m television and 
the family airplane so quickly 

Complete dependability is another 
pomt Thousands of mechanisms 
containing gears, bearings, and au- 
tomatic control mechanisms will 
be completely sealed in the future, 
never to be opened for lubricating 
or other servicing until they have 
lived out long and trouble-free lives 
Mechanisms can be sealed this way 
because the machme tools on which 
they are made are so completely de- 
pendable in the qualities and ac- 
curacies of the parts which are made 
on them 

Back of all the progress is a brand 
new factor m the machme-tool field 
itself 

Machine-tool makers have had 
decades of experience compressed 
into five short years Where they 
used to make 100 or so of a new 
model and learn how to impove it 
by seeing it at work in a few auto- 
mobile plants, they have made 
thousands during the war and seen 
them at work in himdreds of plants 
Thus they have learned, years ahead 
of the normal time, what is good 
and bad in the new machme-tool 
ideas as well as some of the old ones, 
and how to make improvements 


m 9 m 

WATER LUBRICANT 

Can ba Used 

Wfcere Baarh^s Parmit 

Making stem tube bearings for 
ships out of materials which can 
use water as a lubricant is an old 
trick. Yankees used lignum vitae 
for this purpose decades ago, and 
the later rubber and the phenolic 
resin impregnated canvas bearings 
of today are proving their values 
everywhere. 

Industrial plants also use many 
such tbearings on laundry equip- 
ment, chemicals process machhiei in 
which bearings must operate under 
water, food processing madiines 
which must be^washed so often that 
lubricant is rinsed out of ordinary 
bearings, and pumps which are ex- 


posed to the weather but seldom 
serviced. 

New uses are being found on 
machine tools. Here the age-old 
problem is whether to use water 
soluble cutting oils which dp not do 
very good jobs as lubricants of ma- 
chine bearings, or good lubricants 
which will take care of the bear- 
ings but will not reduce cutting 
heat as thoroughly as the water 
soluble oils, or to shield the bear- 
mgs 80 lubricant can be used in the 
^^bearmgs end** of the machine tool 
and soluble oU m the “cutting end *^ 
The beanngs which can use water as 
a lubricant are another solution of 
this problem, if they are not dam- 
aged by oil. And plastics bearings 
can stand either water or oil 

WOOD HARDNESS 

Can Be Tested Easily 

By a Simple Clamp 

T HE HARDNESS of wood can be tested 
by Brinell or by Rockwell instru- 
ments, provided the wood section is 
small enough to be brought to the 
mstrument and the wood is not al- 



Fenetrotion mcoiiires hordntsi 


ready fastened mto a structure so 
that it cannot be moved But when 
the wood is too large or is inacces- 
sible to the mstrument, another 
means of testing must be. foimd 
One simple testing means uses 
merely a C clamp The clamp is 
placed on the wood and tightened 
with an predetermined force, the 
amoimt of penetration into the wood 
being an easily measurable index 
of the wood’s hardness 
A more accurate amplification of 
this method employs a coiled spring 
which operates a moveable ball- 
pointed thrust rod at one end of the 
clamp The pressure of this spring 
always will be a constant for any 
given amount of tightenipg of the 
clamp screw which opposes it, and 
therefore the penetration at a given 
spring pressure is known 
By measuring the indentation at 
the time it is made and then waiting 
24 hours and measuring it again, the 
“spring baek’* of the wood can be 
determined. 
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FUSTICS Conduetsd by CHARLES A. BRESKIN 


Automotive Plastics 


Will 'The Cor of Tomorrow" hove o Plastics Body? Probobly Not, Until 
Many Technical Problems ore Solved. However, Even Pre-Wor Cors Used 
Many Ploitics Parts, Pointing the Way Toward Vast Increases in the 
Use of these Moteriols for Decorative ond Functional Purposes 


T wo HUNDRED thousand new pas- 
senger cars by the end of 1945 
Four hundred thousand more in the 
first quarter of 1946 Such are the 
latest predictions Of course, since 
every one of these machines will go 
to war workers, government ser- 
vices, doctors, and other essential 
users, the average car owner realizes 
that he has little chance of obtain-* 
mg one of these models But the 
fact that new cars are going into 
production gives him a different at- 
titude toward the machine that has 
seen him through the past few years 
He suddenly is conscious of its 
shabby appearance, its eccentrici- 
ties, its deficiencies Suddenly he 
needs a new car. And what will this 
new car be like? 

As the date for resumption of all- 
out automobile production draws 
near there is less and less talk in 
the trade of the revolutionary new 
car Some companies are at pams 
to explain how similar the first cars 
off the production line will be to the 
prewar models Slight changes will 
be made, but nothing drastic Thus, 


it is only necessary to subtract age 
from the cars now in use to find the 
first cars of tomorrow 

On this basis, the cars of 1945 and 
1946 will be equipped with a sur- 
prising number of plastics parts Car 
owners have probably foi^gotten 
how sharp was the mcrease m the 
use of plastics in the 1942 model as 
compared to the machine put out 
the previous year It was then, with 
metal beginning to be a problem, 
that automobile manufacturers gave 
increasmg consideration to the color 
possibilities of plastics materials, to 
the wide range of applications m 
which they could be used, and to the 
low cost at which they could be 
formed 

During this period the automobile 
industry imdertook exhaustive 
studies of all types, kinds, and classes 
of plastics This research, combined 
with performance records of in- 
numerable new applications, gave 
rise to more or less formal specifi- 
cations It is to be expected that 
these specifications will be expanded 
and modified as a result of the 



An ottracfiva and ftnicturolly sound 
ploitics ond matot horn ring unit 


war-time experience of automo-' 
bile manufacturers — changes which 
should work to the benefit of plas- 
tics materials in view of the record 
they have chalked up in airplane 
construction 

UNDER THE HOOD— Thermosetmg 
plastics materials, both molded and 
laminated, have a long record of 
achievement in the automobile in- 
dustry The reason lies in their ex- 
cellent electrical, mechanical, and 
chemical properties For the most 
part these matenals, the phenolics 
in particular, are used in conjimc- 
tion with cam shafts, in distributor 
heads and other electrical assem- 
blies, tinung gears, washers, and in- 
sulation They have, in addition, 
given outstandmg service in brake 
linmgs But while these applications 
are as essential to the successful op- 
eration of a car as the wheels or the 
engme itself, the public gives them 
scant attention It is by the exterior 
of a car and the mterior appoint- 
ments that the majority of motorists 
pick their next car. 

INSIDE AND OUT-It was in the 
exterior and interior appointments 
that plastics made their greatest 
gains in the automobile mdustry 
immediately before the war shut 
down production. When mne com- 
pames were interviewed just before 
the introduction of their 1942 
models, all reported increased use 
of plastics in decorative applications 
The cellulose acetates, celMose ace- 
tate butyrate, and the acrylic resins 
in particular enjoyed a sharp rise 
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PLASTICS IN 1942 
OLDSMOBILE MQDELS 


1 Doma lamp Ians U 

2 Doma lomp switcli covar ond button A 

B Ragulotor knobs A 

4 Ragulotor ascutchaons A 

5. Ragulotor hondlas A 

6. Ramota control hondlas A 

7. Raor quortar window od|ustmant knobs A 

8 Cowl vantllotor control knob A 

9 Ash troy lid knobs — raor comp A 

10 Window gomish roil madollion insart A 

1 1 Window gornish roil medallion insart M 

12 Windshield wiper control knob A 

13 Hood lotch control knob A 

14. Light switch control knob A 

15 Cigor lighter knob A 

16. Gaor shift knob A 

17. Ash troy knob— doth A 

18 dove box door M 

19. Cluster Ians M 

20 Steering wheal A 

21 Horn button M 

H Horn omomant M 

23 Hydro-Motic shifter control box covar A 

24 Hydro-Motic shifter control box covar 

Ians A 

25 Hydro-Motic shifter control box covar 

screen A 

26 Gaor shifter knob— Hydro-Motic A 

27 Haotar switch control knob A 

28 Defroster switch control knob A 

29 Fog light switch control knob A 

30 Rodto tuning knobs A 

31 Rodio selector knobs A 

32. Aariol aKutchaon 8 


A — ocatota; U — urao, M — mathocrylote, 
8 — butyrota 


m popularity As a matter of fact, 
applications of the acrylics in 1942 
m(^e1s were almost double those 
found in previous models — ^jumping 
from 39 m the 1941 models to 70 in 
the 1942 cars 

The uses to which the acrylics 
were put in these cars apply to the 
other plastics materials as well 
Among these parts were radiator 
omamentS) parking lamp lenses, 
horn buttons, speedometer panels 
and dials, mstrument cluster panels, 
clock panels and dials, medallions, 
radio lenses, mdicator dials, horn 
rings, name plates of various types, 
and ornaments Probably the best 
known plastics application is the 
steering wheel In fact, many cannot 
remember when this part was made 
of any other material. 

The accompanying table presents 
32 decorative apphcations for plas- 
tics which were incorporated m the 
1942 Oldsmobile and the material 
from which they were made. Out- 
standing in this list are the acetate 
window regulator handles and re- 
mote control (interior door handles) 
— ^instances where plastics were 
used to replace die-cast metals. 

Plastics i^ould hold their gains in 
these applications and they should 


step m and take a firm hold on an- 
other part of the mtenor — ^the up- 
holstery Fabrics woven from ex- 
truded plastics monofilaments are 
today giving good performances in 
many public conveyances. Not only 
do they wear well but they are easy 
to clean, a consideration which 
should ifiake them popular m the 
cars of families with small children 
They have the added advantage of 
color fastness and resistance to 


dampness. In fact, everything seems 
to their advantage as car upholstery 
material. 

The automobile industry has been 
somewhat cautious in tmdertakmg 
the use of plastics for exterior ap- 
phcations The transparent cellu- 
losics, by virtue of their clarity, 
were from the beginning interesting 
materials They were used very 
early in sheet form for side curtaUw 
in the popular touring car. In 



Theso two cortoons, uttd by Corl Sundberg, of Sundberg-Feror, to serve os o worn- 
ing ogoiiist spreading misconceptions of wtiot plostics con ond connot do for Hie 
outomobile industry ot present, tell the following tongue- in -cheek story Above 
Two post-wor prophets start out in their oil -plostics automobile for o rood test 
ocross DeoHi Vollef Note the smooth, flowing lines of the perfectly shoped body, 
possible only becouse it is injection -molded, in one piece, of tronsporent moteriol 
This hondsome thing is pointed from the under side ond features nome-plotes, trim, 
ond so on in bos- relief In reolity, the body is but o coot of point protected by o cov- 
ering of tronsporent plostics Below Note the smooth, flowing lines of the post-wor 
Plosticor os it pulls into Deoth Volley Louie's o half-hour loter The prophets hove o 
cor with o top thot now fits not only the body but their heads ond shoulders os well 
Oh, well, it's just the first rough model ond there ore still o few bugs to be worked 
out Anywoy, look ot smoll fry gothering up the side panel for o look ot the chossis 
This gives the boys on idea Now they con go to work on o body thot needs only 
to be peeled bock for o look at the motor, for minor repoirs, or for chonging o tire! 
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MOLDING COMrOlJNOS 



SWEET MUSIC FOR THE DESIGN ENGINEER 

Just as this Durcz phenolic plastic clarinet plays sweet 
music, so do thousands of other products molded of 
Durez Only in these latter cases the sweet music is re- 
ferred to in the figurative sense, for we’re talking about 
the versatility of the Durez phenolics used versatility 
that covers a wide range of highly desitahle pioperties 
versatility that is truly sweet music to the imaginative de- 
sign engineer Such characteristics as excellent dimen- 
sional stability at temperatuie extremes, lustrous finish, 
excellent moldability, dielectric and impact strength, and 
resistance to moisture, chemicals, and heat — to mention 
a few — are inheient in all of the more than 300 Durez 
molding compounds are responsible for the use of 
Durez on a scope that is practically all -embracing 
throughout industry 


• If you’re looking for a versatile plastic 
materia], the place to start is with the 
phenolics, for these are the most versatile 
of all plastics and when you look to the 
I phenolics, look to Durez — specialists in 
this field for the past quarter century 
^hen you add the versatility of the more 
lan 300 Durez phenolic molding com- 
ounds to the multi -propertied Durez in- 
ustnal resins and the unusual protective 
alues of Durez oil soluble resins, you can 



THE DIE IS CAST FOR CASTING RESINS 

There’s a bright future in store for users of the new Durez 
casting resins — for these remarkable resins substantially 
reduce production time and costs when used for such 
Items as hydropress and stretch-press dies, jigs, assembly 
and holding fixtures, foundry patterns, and masking 
shields for plating 


OIL SOLUtLF RESINS 



/ Iv 

PROLONGING THE LIFE OF A SPAN 

The durability and corrosion resistance which Durez re- 
sins impart to bridge paints make them real life prolongers 
keep repair and maintenance bills at a minimum The 
remarkable properties — such as acid, alkali, and water 
resistance — which Durez resins impart to paint, varnish 
and lacquer — have resulted in their extensive use through* 
out the protective coatings field 



understand why manufacturers every- 
where come to Durez for plastics or resins 
to fit thfcir jobs The background of Durez 
technicians includes successful product 
development experience throughout prac- 
tically ail fields of industry . product 
development experience that has resulted 
in the continuing lea^frship of Durez 


phenolic plastics and resins The benefits 
which this wealth of experience and a 
large accumulation of proved data can 
provide are available to you, your de- 
signers, and engineers at all times Durez 
Plastics & Chemicals, Inc, 528 Walck 
Road, North Tonawanda, N y 
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molded form they were only just 
coming into their own when civilian 
automobile production was halted 
Examples are cellulose acetate light 
lenses, fender lights, and rear deck 
directional signals, acrylic direc- 
tional lamps, and radiator orna- 
ments 

THE FUTURE— It is possible that 
some day entire automobile bodies 
will be made of some plastics mate- 
rial, but the accomplishment of this 
IS so remote to be deserving of only 
“possibility” thinking There has 
been the suggestion that bodies be 
produced by low-pressure molding 
of plastics-impregnated fibrous ma- 
terial of various kinds However, 
putting technical consideration 
aside, the optimum molding cycle is, 
at present, far too slov/ to keep pace 
with automobile production 
When Carl W. Sundberg of the 
firm of Sundberg-Ferar, mdustrial 
designers, used the two accompany- 
ing cartoons of the Plasticar to il- 
lustrate an address before the De- 
troit Society of Plastics Engineers, 
^his purpose was not to ridicule the 
concepts of progressive designers 
nor to deprecate the properties of 
plastics materials Mr Sundberg 
wanted, as he explained, to point out 
“the harm that is done by the repre- 
sentation to the public of unproved 
ideas in the name of promises for 
the immediate future” The indus- 
trial designer who wants to promote 
the increased use of plastics in the 
automobile or any other field can 
best serve both the industry and the 
consumer by recommending the 
I ight material for the right job 


m 9 ^ 

SUN-LAMP 

Portable Type Designed 

For Traveler's Luggage 

The day is fast approaching when 
an ultra-violet ray lamp will be a 
standard part of many travelers' 
baggage. The Sun-Kraft, Inc has 
completed production plans for just 
such a imit which will be housed in 
a two-piece case molded of colored 
urea-formaldehyde. 

This portable lamp will be 
equipped with adjustable plastics 
arms so designed that they fold 
away inside the top of the case when 
the lamp is not in use, yet can sup- 
port the cover and ibe reflector 
housed therein at any desired angle 
when the machine is in operation. 
The over-all outside dimensions of 
the lamp will be but lOMi inches 
long, 5)4 inches wide, and 9^ inches 
high. *]^e high fr^uency oscillator 


circuit will be positioned in the 
lower half of the case; the reflector, 
adjustable arms, and part of the 
timer in the upper half 

RADIO MASTS 

Made 6f Plywood Tubes 

Are Light in Weight 

B ECAUSE extra oimces of weight 
can be a serious hindrance to our 
soldiers, many of the radio antenna 
masts used by the United States 
Army Signal Corps are being made 
of plywood sections which can be 
dismantled and nested in a com- 
pact box These masts, some of 
which are 50 feet in height when 
set up, are formed by Plymold Cor- 



Flottics rodio metf pocked in chest 


poration of thin layers of wood ve- 
neer impregnated with urea-formal- 
dehyde resm by a special process 

After impregnation the layers are 
wrapped spirally on a mandrel in 
such a way that some of the ve- 
neers are parallel to the axis of the 
tube, some are at right angles, and 
some are at 45 degrees to the axis 
This three-phase construction is 
said to give to the Plytube a strength 
approximately the ultimate strength 
of wood. Even when packed with 
auxiliary equipment in two fitting 
chests, the 50-foot mast is consid- 
erably lighter than the equipment 
previously in use. 

POCKET COMPASS 

Light, Precision Made, 

Popular with Air Corps 

One of the most popular items 
with the Army Air Corps is a 
pocket-size, dial type, liquid com- 
pass, attached to a case which holds 
small water-proof matches. Together 
with case it weighs less than two 
ounces and resembles a flashlight 
battery. It is three inches Id^h and 
one inch in diameter. Military speci- 
fications for this pocket compass eaU 
for the same rigid tests as those 
given to standard compassed on B- 


29*8 and other fighting aircraft. Such 
a fine degree of accuracy is required 
that a variance of ,0005 indi wquld 
result in rejectiion. This is necessary 
because the all-purpose pocket cOm-^ 
pass must be able to stand up ufider 
all sorts of service conditions. 

The compass, which contained. 16 
separate parts, is mjection moldea of 
Tenite II at a slow cycle to keep 
maximum dimensional control. The 
imits are produced at the rate ol 
2000 daily by DuPage Plastics Com- 
pany. The sighting wmdow on the 
compass is Lumarith. 

TRANSPARENT PLASTICS 

Protects Workers From 

Flying Chips 

As A protection to machine work- 
ers, the Dilley Manufacturing Com- 
pany has introduced a magnetic grip 
shield consisting of a thick sheet of 
Plexiglas anchored to a horselhoe 
permanent magnet The magnet 
holds the transparent plastics shield 
in position between the worker and 
his machine. In this way flying frag- 
ments of steel, wood, and so on, are 
deflected while at the same time the 
operator of the machine has an un- 
obstructed view of his work 

PRE-HEAT 

Controlled Electronically at 

Plasties Molding Press 

Electronic heating equipment has 
been successfully used for several 
years in pre-heating plastics mold- 
ing briquettes just before they are 
placed in the molding press At first, 
relatively high-power equipment 
was ne^ed because the blocks of 
plastics material took more and more 
power as they swelled and changed 
in electrical characteristics during 
the heating process 

Now, however, electronic control 
equipment recognizes each change 
m the plastics material dunng heat- 
mg and automatically tunes the elec- 
tronic generator for maximum oper- 
ating efficiency so that peak power is 
utilized throughout the entire cy- 
cle. Several experimental instaUa- 
tions have already been made in the 
Boonton Molding Company plant 
with excellent results. 

With this arrangement, bulky elec- 
tronic generators can be located 
outside the crowded molding shop, 
away from dust and steath, and the 
radio-frequency power can be fed 
through transmission lines to small 
and simple heating heads located 
alongside each press. Heating heads 
can be interlocked so that only one 
is used at a time but all receive 
power in sequence for maximum 
utilization of a single generator 
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PETROLEUM 


Condwctad by JEROME CAMPBai- 


Petroleum Pavements 


Asphalt in Voried G)nsistanciat« Distilled From Petroleum, Surfaces 
Many Thousands of Miles of Americo's Highwoys. Quickly and 
Economically Laid in the Molten Stote, it Forms o Resilient ond Flexible 
Rood- Bed Whose Cushioning Surface Wears Long Under Constont Use 


T hese days everyone seems to 
have a preferred label for the 
contemporary world Some call it 
the age of steel and some the age 
of electricity Coal men insist that it 
is the age of coal while fliers assert 
that it is the epoch of aviation But 
whatever other title may be given 
the present-day world, there is no 
doubt that it is the age of the 
mtemal-combustion engine In 
America millions of automobiles roll 
along thousands of miles of hard- 
surfaced roads Petroleum furnishes 
the motive power and, in the form 
of asphalt, it furnishes a large part 
of the wear-resistant road surfaces. 

Asphalts most valuable attribute 
as a pavmg material is its flexibility 
and resihency These qualities en- 
able It to remam in contact, imder 
severe stresses, with the support- 
ing earth beneath it A rigid mate- 
rial would be forced to bridge every 
shrinkage of the road’s foundation 
or break under the strain. 

There are approximately 647,000 
miles of road m the United States 
whose surfaces are better than ordi- 
nary gravel. Bituminous products 
are used on 524,000 miles of these 
roads, and approximately 87 percent 
of these bituminous road-surfacing 
materials are derived from petrole- 
um. Asphalt covers two thirds of 
the improved mileage of state high- 
way systems, and nine tenths of 
county and town roads. The streets 
of America’s busy cities are covered 
mainly with asphalt — four fifths of 
them, in fact 

Manufacturmg and distributing 
the vast quantities of asphalt used 
for these purposes is an important 
part of America’s great petroleum 
industry. 

It is believed by many that most 
of the us^ for paving our 

streets and roads comes from the 
**pitch lakes’^ of Trinidad, Vene- 
zuela, and California where it is 


found in the natural state As a 
matter of fact, these lakes ceased to 
be important sources of asphalt 
many years ago By 1940, according 
to figures of the United States Bu- 
reau of Mines, 93 5 percent of the 
asphalt processed in the United 
States was derived from petroleum 
through refining methods while the 
balance came from natural deposits 
After the refining of petroleum 
became a major mdustry, asphalt 
remained for a long time a much 
dishked and relatively useless sticky 
substance that had to be grubbed 
laboriously out of the bottoms of 
stills after the distillation of crude 
Today asphalt is one of the most 
widely used of petroleum products 
Asphalt m the natural state, ob- 
tamed from asphalt lakes, was origi- 
nally formed by crude petroleum 
seeping through cracks and crevices 
m the earth’s strata and collecting 


in pools exposed to the sun The 
lighter fractions were distilled away 
by the sim’s heat The natural as- 
phalt remamed as a residue To be 
useful, it must be mixed or ‘‘fluxed” 
with a heavy oil or a soft asi^alt 
from the petroleum industry 

FROM CRUDE — Asphalts produced 
by the petroleum industry m the 
process of refining crude are com- 
posed of the highest boilmg petrole- 
um hydrocarbons In the laboratory 
these can be separated into three 
groups known as “oily constituents,” 
“resins,” and “asphaltenes ” The 
smaller the content of oily constitu- 
ents, the harder the asphalt and 
the higher its softenmg point As- 
phalts vary m consistency from a 
semi-fluid to a brittle solid. They do 
not react with acids or alkalis llieir 
ability to repel water is one of their 
most important properties and their 



THii mo4trs rood-building mocliing Koopt up thu motoftols loid out before it, 
mixes them with oipholt in the desired proportion, ond spreads the finished product 
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high adhesive qualities serve to bind 
together the aggregates used m road 
construction 

The starting point m the manu- 
facture of asphalt from crude is the 
residue, known as reduced crude, 
left after the distillation of crude 
petroleum m a bubble tower This 
lesidue is usually a heavy liquid 
It is further processed by additional 
distillation or by blowing with air 
while m a heated condition The 
blowing operation is conducted 
when the residue is heated to a 
temperature between 400 and 500 
degrees, Fahrenheit At that tem- 
perature the air reacts chemically 
with the material to produce an 
asphalt with a higher softemng point 
than would have been produced by 
straight distillation As the softening 
point IS increased, tlie asphalt be- 
comes harder as indicated by pene- 
tration tests Asphalts obtained m 
this way are known in the industry 
as blown asphalts 

An alternative distillation process 
is carried out in a pipe still In this 
operation reduced crude is pumped 
through a coil of pipe heated m a 
furnace so that its outlet tempera- 
ture IS about 700 degrees, Fahren- 
heit As the reduced crude emerges 
from the coil it is sprayed into a 
large tank known as the flash tower 
where an mstantaneous separation 
takes place between the asphalt and 
the heavy distillate oils m which it 
was dissolved. The recovered asphalt 
falls to the bottom of the tank and 
is drawn off to storage Its hardness 
IS controlled by the maximum tem- 
perature to which the reduced 
crude is heated m the pipe still 

The characteristics of a finished 
asphalt product can be altered 
markedly by varying the degree of 
distillation or blowmg used in its 
manufacture In the blowing process, 
the oxygen in the air combines with 
some of the hydrogen atoms of the 
asphalt molecules to form water 
which IS removed as steam The re- 
moval of hydrogen atoms is believed 
to convert oily constituents to resins 


and resins to asphaltenes In this 
way the softening point is mcreased 
by increasing the proportion of 
resins and asphaltenes in the asphalt 
and not by strippmg out oily con- 
stituents as m the case of straight 
distillation 

MACADAM'S IDfA - Until the 
emergence of the automobile age, 
the gieatest road builders known in 
history were the ancient Romans 
who traveled far, and for their times 
exti emely fast, and realized the 



Steps in povmg with aipholt mocodom 


value of straight, solid roads The 
celebrated Appian Way was a cause- 
way made up of rigid layers of stone 
three feet thick. The Roman idea 
that roads had to be thick and heavy 
persisted among engineers up to 
the 18th Century when an ingenious 
Scot, John MacAdam, thought up a 
better and actually new way of con- 
structmg roads. He decided that the 
earth itself should support not only 
the pavement, but the traffic that 
moved over it 

To accomplish 'this, he made his 



Left A modern 
ospholt plont copoble 
of turning out 1000 
tons of hot 
mixture every doy 


Right Sheet osphult 
ImIis well, ond serves 
long, on this wide 
suburbcin street 


road surface a lic^t stone shell in 
place of the massive Roman con- 
struction. The big thing in Mac- 
Adam’s road was to see that the 
earth remained dry and firm under- 
neath the surface He found that by 
breaking the stone mto fragments, 
their angular faces could be forced 
together to }om in an mterlockmg 
crust and that rock dust, when 
wetted, would form a cement to fill 
the voids and thus provide a rela- 
tively thin, impervious crust suf- 
ficient to sustam traffic while it 
rested on the dry, firm earth under- 
neath 

As the friction of iron shod- wheels 
and hooves wore away the rock, it 
provided new dust to cement the 
suiface The coimng of fast-moving 
rubber-tired autos to the macadam 
highways raised a problem They 
whirled the rock dust high and fai, 
and the soft rubber wheels did not 
abrade the surface enough to pro- 
duce a new supply Asphalt came to 
the rescue and entered upon the 
era of its greatest usefulness to hu- 
manity Meltmg it in small pots, 
engineers poured it over the 
crushed stones of macadam roads to 
bmd them securely, yet elastically 
together, forming a cushionmg, 
tough, and water-repellent surface 

At first the asphalt was heated 
and poured laboriously and tedious- 
ly by hand Improvement and 
mechanization of the work was 
rapid, however, and today a modem 
distributor with a crew of six can 
apply 70,000 square yards of material 
m an eight-hour day. Workmg with 
old-fashioned hand pouring pots, 
the same number of workers could 
treat about 1750 square yards 

Meanwhile, research workers were 
busy improving asphalt for paving 
uses Road builders had complained 
that heating and softenmg asphalt 
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to get it to the desired oonsistettcy 
was expensive and slow. The tech* 
nicians sought an easier way to 
achieve the same ends, and found 
it in solvents. They added gasoline 
to asphalt and called the product 
'^cut-back.” The new material could 
be laid cold since the gasoline would 
evaporate and leave the asphalt 
binder in place This discovery vast- 
ly widened the uses of asphalt for 
road building 

The technologists then observed 
that the rate of evaporation or set- 
ting was important. With an excess 
of small gravel and dust, the gaso- 
line evaporated too quickly, and so 
they added kerosene as an additional 
solvent Fmally they classified all 
cut-backs into groups — the slow- 
ciiring, the medium-curing, and the 
rapid-curing In 1942, before war 
needs had seriously reduced both 
the amount of petroleum available 
for road surfacing and the number 
of workers engaged in that activity, 
more than 2,200,000 tons of cut- 
back were used for paving m the 
United States Total consumption of 
all types of paving asphalt amoimted 
to almost 5,600,000 tons 

PAVING PLANTS— A great deal of 
the asphalt laid on country high- 
ways and city streets is prepared 
m paving plants These may be de- 
scribed as factories for turning out 
paving mixtures m accordance with 
the requirements of road engineers 
Today they operate on Diesel or 
electric power and the stone and 
sand IS fed into mixers by auto- 
matic feeders The dryers are heated 
by oil-burning furnaces The stone 
is separated by vibrating screens, 
precise weighing machines, some- 
times controlled photo-electncally, 
accurately proportion the materials 
and mixing cycles A modern asphalt 
plant with a capacity of 100 tons an 
hour can be operated by five men 

In many coastal regions, such as 
Cape Cod and the eastern Carolines, 
stone is absent or scarce, and sand, 
though abundant, is not of standard 
grading Road engineers and asphalt 
technologists found ways to deal 
with this problem Methods were 
devised to obtain firm, dustless sur- 
faces from mixtures of local sand 
and bituminous materials A sim- 
ilar problem was found in the sand 
hills of Kansas and Nebraska, where 
fine blow sand was all that could be 
had for road building Here, too, a 
method was developed to blend 
asphalt with the sand to provide 
thin, firm mats for high-speed roads 
Along the Mississippi River, great 
dykes or bluffs of a fine wind- 
blown dust known as loess seemed 
to have little practical use. Hien 
engineers foimd it made an ad- 


mirable filler for pavements and its 
use has cut road costs in Mississippi 

In addition to its big job of sur- 
facing roads, asphalt has other uses 
m the field of automotive transpor- 
tation. It goes mto battery boxes 
and brake linings, enamels and 
pamts, as well as panels and acces- 
sories. In the mgpufacture of syn- 
thetic rubber tires, it is used as a 
contributing material under the 
popular label of ‘‘mineral rubber” 
Asphalt thus is made to roll on as- 
phalt 

The post-war prospect for asphalt 
seems to be one of expanding use 
and consequently greatly augmented 
production The manufacturers of 
petroleum asphalt, according to the 
Asphalt Institute, are gettmg ready 
to supply a demand, once hostilities 
in the Pacific cease, greater than 
any that existed before the war 
The civihan airports of the future 
will consume vast quantities of as- 
phalt for runways and taxiways 
The country’s highways, after the 
neglect caused by the urgency of 
devoting materials and labor to the 
needs of war, will need widespread 
repairs and resurfacing Above all, 
a new America on wheels will re- 
quire thousands of miles of new 
roads Asphalt and the asphalt 
makers will be busy as beavers do- 
ing a better job than ever 


m ^ 


AIRCRAFT LUBRICATING 

from Central Source 

Cuts Operating Costs 

Adaptation of centralized lubrica- 
tion to aircraft makes it possible to 
lubricate many bearmgs from a 
single source Many points formerly 
lubricated only when the aircraft 
was on the ground can now be 
lubricated during flight The system 
delivers a predetermmed amoimt of 
lubricant to each bearing 

Replacement of worn bearings and 
parts, due to faulty or neglected 
lubrication, has been a major ex- 
pense in aircraft operation and up- 
keep, according to Alemite engi- 
neers who have worked with aircraft 
manufacturers in developing the new 
method of lubrication This expense 
has been due to maccessibility of 
lubrication points which encouraged 
neglect, use of improper lubricants, 
and over-lubrication, with resultant 
safety hazards 

One example of time-saving as a 
result of the new system involves 
the engme cowl fiap rmgs of a two- 
mototed aircraft. Each cowl ring has 
24 plaih bearings and one actuating 


gear box, or 25 pomts of lubrication 
Time required for a mechanic to 
lubricate the dkwenty-five points has 
been reduced from 45 minutes to 
one mmute. Added weight caused by 
installation of the Alemite central- 
ized system is said to be negligible, 
especially when viewed in the light 
of time savmgs and efficiency. In 
the case of the engine cowl rings, 
only 2 5 pounds per rmg or 16 
ounces per bearing were added. 

OIL EXPORTS 

Expected to End After War 

To Conserve Resources 

The united states will virtually 
cease to supply Europe with oil af- 
ter the war, was the conclusion 
leached after a recent survey of 
European post-war petroleum prob- 
lems War-bom producing and re- 
finmg facilities in the Middle East 
and in South America probably will 
absorb a substantial part of these 
peace-time markets, the survey re- 
vealed, according to Ethyl News 

“Conservation of proved oil re- 
serves in the United States, it is be- 
lieved, will be the order of the day 
in the post-war period,” the pub- 
lication points out “There will be no 
exportable oil, except specialty prod- 
ucts, and the country must be pre- 
pared to fuel another war if that ev- 
er becomes necessary 

“This condition, translated into 
pre-Pearl Harbor days, means that 
the United States stands to lose an 
export busmess m oil products ap- 
proximating more than 200 million 
barrels, excluding such by-products 
as grease, wax, petroleum, coke, 
blending agents, and asphalt” 

CASH REGISTER TEST 

Helps Oil Refiners 

In Post-War Planning 

I N modernizing and revismg equip- 
ment to meet post-war competition, 
oil refiners must be sure that their 
plans are both techmcally and eco- 
nomically sound. To help them in 
this task, the M W Kellogg Com- 
pany, petroleum and chemical en- 
gineers, have a yields and economic 
division, whose function is to put 
“the cash register test” to the rec- 
ommendations of the process en- 
gmeers 

The workmgs of this department 
are shown in a recent typical eco- 
nomic study of refinmg operations 
Consulted by a refiner-client as to 
what steps that company should 
take to improve its process position, 
Kellogg engineer-economists devel- 
oped three alternate new operatic^ 
increasing the firm’s .ne^ operating 
credit by $3,295,000/ $3, dlS.OOO. and 
$3,008,000 respectivdy. 
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ELECTRONICS Conducted by KEITH HENNEY 


Electronics On The Road 


Two-Way Vehicle Radio Units, the Walkie-Talkie, the Handie-Talkie, 
Electronic Ignition Systems, and Safety Devices are Some of the 
Developments that May Well be Expected to Make Commercial Vehicles 
More Versotile, Motor Cars fytore Efficient, ond the Highwoys Safer 


By JOHN MARKUS 

Associate Sdltor EUctroniet 


I F JUST one electronic unit gets on- 
to the mass-production dream 
car of tomorrow, there is every 
prospect that another market ap- 
proaching the magnitude of enter- 
tainment radio will unfold for the 
fast-expanding field of electromcs 
The possibilities of radar must be 
discarded at present for automo- 
biles. The equipment is too costly 
and its abilities at present do not 
lend themselves to any sort of de- 
tection, safety, or control function at 
mile-a-minute speeds on highways 
Probable future advances in highway 
transportation lie in two thmgs — 
radiophone communcation from one 
vehicle to another or between ve- 
hicles and the telephone system of 
the nation, and electronic devices 
for making motoring safer 
The Bell Telephone Company of 
Pennsylvania intends to offer radio- 
telephone service for trucks, buses, 


other commercial vehicles, and pri- 
vate automobiles on a fixed-fee basis 
similar to existing business tele- 
phone service charges Company of- 
ficials hope to have the service avail- 
able by the end of 1945 
Initially, mastrf '^high-frequency 
transmit^g and receiving stations 
will be installed in Philadelphia and 
Pittsburgh, with switchboards link- 
ing these stations to existing tele- 
phone Unes Each vehicle participat- 
ing in this mobile radiotelephone 
service will carry its own compact 
high-frequency transmitter and re- 
ceiver, with a whip antenna and 
dashboard telephone handset much 
like those used on pohce cars today 
Present plans call for service cov- 
ermg only vehicles traveling within 
a radius of about 15 miles of a cen- 
tral station Through the central 
switchboard, a person at practically 
any telephone in the United States 



Right Dothboord 
mitatiotion of a radio - 
phono hondtot in o 
Clevtkind cob. 
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which hoi its own 
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will be able to talk to the driver 
of any radiotelephone-equipped car 
within the service areas of the mas- 
ter stations Later it is planned to 
establish relay stations or additional 
master stations in other areas to ex- 
tend the service. 

In Cleveland, the Yellow Cab 
Company is now successfully using 
Motorola frequency-modulation two- 
way radiotelephone units for dis- 
patching cabs with a minimum of 
dead cruising for customers Talk- 
back from driver to dispatcher is 
clear and distinct over the entire 
Cleveland area even thou^ both 
the mobile and fixed transmitters 
have power outputs of only 15 watts 
Reception is free from both natural 
and man-made static interference, 
indicating a promising future for 
frequency-modulation radio units 
cruising on streets and highways 

The FCC plans to assign channels 
for this type of service on an ex- 
perimental basis pending final deter- 
mination of the best method of op- 
eration — 12 channels for develop- 
ment on a common carrier basis, 
four for trucks, and four for buses. 
In all, 40 channels will be available 
for general highway mobile use, the 
other 20 being in the band from 30 
to 40 megacycles which can be 
picked up on the average home 
all-wave radio set. Unless speech- 
scrambling equipment or other 
electronic message-secrecy devices 
are employed at these lower fre- 
quencies, private word or number 
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codefi may wall become the vogue 
for bii^way radio service. 

Other commercial applications 
for hi^way radio include physi- 
cians’ automobiles, ambulances, ex-^ 
pre^ and other delivery services, 
and expansion of the already wide- 
spread use of radio by repair trucks 
and patrol cars of street railway 
systems and other public utilities 

Even in the present stages of de- 
velopment, the entire equipment for 
radio service in a private automo- 
bile takes up less than half the 
space in the luggage compartment 
at the rear. The equipment operates 
directly from the storage battery in 
the car, and has its own dynamotor 
for generating the higher direct- 
current voltages required by radio 
tubes. When mass production of 
two-way car radios gets under way, 
it is highly probable that the equip- 
ment will be made still more com- 
pact 

NATION-WIDE - American Tele- 
phone and Telegraph Company has 
worked out elaborate plans for a 
network of automatic radio relay 
stations all over the country, spaced 
about 18 miles apart, so that motor- 
ists equipped with two-way radio 
can telephone from their movmg 
cars anywhere m the country to 
regular telephone subscribers. 

To make a call from his car, the 
driver would signal the operator at 
one of the control stations mto which 
the relay stations in a given region 
feed. The operator would then put 
the call over the regular land Ime to 
whatever telephone subscriber is de- 
sired, with long-distance calls bemg 
made just as easily as from your 
own home. This means that, when 
world-wide radiotelephone service 
is resumed after the war, a person 
driving along some charming coun- 
try road m, say, Minnesota could 
chat with a friend in Java without 
even stopping the car, assuming, 
of course, that his credit was good 
with the telephone company. 

CITIZEN’S RADIO— Personal two- 
way radiophone commimication be- 
tween civilians, recently provided 
for in frequency allocations of the 
FCC, permits a nontechnical person 
to operate his own radiotelephone 
transmitter. 

Licensmg requirements are sim- 
ple: the station license requires only 
that the owner be a citizen of the 
United States and the operator’s 
license merely involves passing a 
written examination m radio laws, 
much like an auto dnver’s examina- 
tion. 

The present military version of the 
citizen’s radio is built like a French 
phone, is called a hendie-talkle, and 


resembles in some ways the small 
personal radio receivers that came 
on the market Just prior to the war 
The citizen’s radio will have its own 
batteries and antenna, along with a 
built-in telej^one transmitter and 
earphone. Although the rehable 
range of preset models is neces- 
sarily smaU, about one mile under 
average conditidns, such sets allow 
mobility that no other radio equip- 


ment permits, as the Army has dis- 
covert 

Possible uses for these tiny radio- 
phones are almost xmlimited Al- 
ready they have been used by news- 
papers to transmit spot news direct- 
ly to the copy desk from the scene 
of action, to replace regular tele- 
phone lines in an aircraft plant 
pendmg repairs after a fire, and 
to direct the operator of an over- 
head crane m a big factory from 
any pomt on the floor 

Storekeepers could use the sets 
for routmg dehveries and pickups, 
to eliminate the time wasted by 
drivers in going to telephones or re- 
turning to headquarters for further 
orders. Clerks could get in touch 
with floorwalkers and section heads 
by radio, eliminatmg the oftentimes 
long delays of call systems and re- 
peated tdephone calls for roving 
personnel Constructions crews on 
bridges and buildmgs likewise could 
profitably use walkmg radiotele- 
phones for intercommumcation and 
for contact with foremen and super- 
visors. 

The cost of a civilian handie-talkie 
can be computed roughly in terms 
of the popular pre-war personal re- 
ceivers, which sold at an average 
price of $20. Techmcal differences 
in construction and circuit design 
mdicate that pnces starting at $50 


post-war for a two-way self-con- 
tained midget radiophone are feasi- 
ble 

The Army walkie-talkie also com- 
mands high civilian interest, be- 
cause of its much greater range 
This set must be carried in a pack 
on the operator’s back because it is 
larger and contains heavy-duty bat- 
teries. Farmers and ranchers having 
employees who are miles apart dur- 


ing working hours can use two-way 
radio profitably, as can fire depart- 
ment officers directing operations of 
their men mside burning buildings, 
and tug-boat crews bringing ocean 
vessels to and from their berths 
• 

INTERFERENCE— If the two-way 
low-power sets meet widespread ac- 
ceptance after the war, it will then 
be necessary to make some techni- 
cal provisions for taking care of 
such mter-station mterference m 
heavily populated areas Perhaps 
common courtesy will provide a so- 
lution, if voices are heard on a par- 
ticular frequency, other users will 
desist from using their radiophones 
until the first user has completed his 
conversation There is greater hope 
m technical improvements, however, 
as amateur radio experience in 
crowded bands indicates that hu- 
man nature is what it Is, and there 
will always be people who just 
can’t wait their turn 
Ignition interference from auto- 
mobiles is an important factor in 
radiophone communication in the 
high-frequency channels The effec- 
tive communication range can be m- 
creased considerably if all cars 
have efficient noise-suppression de- 
vices. Meetings of a qoise-supprc^- 
sion committee formed oflxith auto- 
ipobi^e and radio representatives 
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have been held, with the goal of 
setting standards in interference 
suppression to be followed by all 
auto manufacturers after the war 
and incorporated in all new cars. 
This program will eventually assure 
police and other radio services of 
comparative freedom from ignition 
and generator noise. 

IGNITION SYSTEMS-The apphca- 
tion of electronics to automotive and 
aircraft igmtion systems already 
promises solutions to the problems 
of cross-firing, maintaimng spark 
mtensity at hi£^ speeds, and reduc- 
ing sensitivity to loadmg of the 
high-tension system by dust and 
grease deposits on the spark plugs 
Many electronic ignition system 
patents have been granted, and 
techmcally electronics can produce 
today an ignition system that will 
work perfectly at speeds as high as 
anyone cares to drive, but economic 
aspects are definitely against the 
electronic version as yet You will 
still find m your new post-war car 
the time-honored breaker pomts, 
Ignition coil, distributor, and spark 
plugs, collectively servmg to step 
up the storage battery six-volt out- 
put to some 10,000 to 15,000 volts and 
to apply this m correct sequence and 
timing to mdividual plugs 
Although superior performance 
over present ignition systems can 
be demonstrated, designei^ of these 
electronic ignition systems are lim- 
ited by the fact that the primary 
power source available is only six 
volts m the average automobile and 
rarely more than 24 volts even in 
aircraft, whereas electron tubes re- 
quire voltages of the order of him- 
dreds of volts in order to operate 
with any degree of efficiency Either 
rotary- or vibrator-type power packs 
are needed to provide these high 
voltages, and mstantly the cost goes 
up. Only when sufficient superior 
performance can be demonstrated 
with not more than a moderate m- 
crease m price can you expect to 
hft up the hood of your new car and 
see one or more electron tubes 
moimted on the distributor or there- 
abouts 

SAFETY — In the hands of many peo- 
ple the automobile is a weapon of 
self-destruction regardless of in- 
tent Witness ^e 40,000-odd deaths 
on the highways each year, with no 
small proportion of them at railroad 
crossings despite crossing gates, 
swinging signals, and alarm bells 
Consider also the hundreds of thou- 
sands who are maimed for life each 
year because drivers disregard me<- 
chanical or electrical warning 
nals or drive faster than road con- 
ditions warrant These figures ap- 


proach the casualty figures of war. 

Here is where electronics can do 
a real service to humanity. Here, if 
people will demand it to the extent 
of offering to pay a few dollars 
more for their new cars and for 
taxes to make hi^ways safer, hu- 
man lives can be saved. 

First, considerilll only the role 
of electronics in this accident situa- 
tion, is control of driving speed 
Laws are ineffective because road 
conditions vary from day to day, 
a little girl on a sleigh was killed 
this year because the driver was go- 
mg 15 miles per hour on shck ice 
and lost control of his car, yet 
legally that driver was in the clear 
Somebody outside of the driver’s 
seat must determme the safe driv- 
ing speed at each period of the day 
for each locahty and, with the aid 
of electromcs, force all vehicles to 
keep within this speed. Technically 
this is feasible today, it means put- 
tmg governors on every car, with 
their adjustments controlled by 
ladio from police radio stations 

• • 

PISTON RINGS 

Gage<i for S/ze by 

Photoelecfnc Set-Up 

T o ELIMINATE the human element m 
production checkmg of the accuracy 
of piston rings, a new electronic in- 
strument made by the Sheffield Cor- 
poration automatically inspects the 
trueness of periphery and the width 
of gap of a specific size of piston 
ring Inspection is much faster than 
present handchecking methods and 



Quick of puton rings 


the production rate is determined by 
the speed at which the rmgs are 
presented to the gage The mspection 
cycle per piece is less than five sec- 
onds. 

The piston nng to be checked is 
inserted inside a master ring of cor- 
rect dimensional quality which is 
rotated by a power-driven roller. 
The ga^g functions are performed 


spotted at strategic intervals over 
the country. But manufacturers in 
an era of competition will not vol- 
untarily boost their costs by install- 
ing such equipment until the people 
demand it. Each advance in radio 
has been a result of popular de- 
mand, and people likewise have in 
themselves the power to make high- 
ways safer 

Years ago mechanical devices to 
prevent grade crossing accidents 
were patented and perfected, and 
today electronic control could make 
them doubly safe with the aid of 
light beams and ever-watchful pho- 
toelectric eyes to replace the eyes 
of neglectful motorists At least one 
of these devices raises a barrier m 
the road that no car can cross — but 
such devices cost money and the 
railroads cannot be expected to foot 
the entire bill It is up to us, while 
still living, to make our highways 
safe for future generations, usmg 
electronics whenever and wherever 
it can do the job better than simple 
mechanical or electrical devices 

• 

by scannmg beams of light directed 
onto phototubes which energize 
electronic circuits to illuminate 
three signal hghts 

As the rmg revolves, one beam of 
light IS projected on the periphery 
of the piston ring A clearance be- 
tween it and the master ring will re- 
sult from any out-of-round condi- 
tion of the piston nng, permitting 
part of the light beam to fall on the 
phototube This actuates a red rejec- 
tion signal should an excessive 
amount of light mdicate that the 
piston rmg is out-of-round beyond 
an acceptable pomt 

A green signal flashes on at the 
end of one complete revolution if the 
width of gap is also withm tolerance 
Another beam of light actuates a 
yellow signal should the gap be 
undersize A third beam of light 
energizes another circuit to illumi- 
nate the red rejection signal should 
the width of gap be oversize 

SILVERED CRYSTALS 

Produced Quickly With 

Simple Equipment 

OuAHTZ crystal manufacturers can 
now produce a thin conductive silver 
coating on quartz crystals by simply 
dippmg the crystals into a series of 
solutions The work is easy to do and 
can be accomplished by inexperi- 
enced operators The only equipment 
required is a few photograi^er’s 
trays, and clips to hold the crystals 
Several himdred crystals may be 
coated simultaneously, according to 
M^plast Company. 
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AVIATION Conducted by ALEXANDER KLEAAIN 

Highways Of The Air 

Feeder Lines, Serving the Trunk Airlines But Also Providing Short- 
Houl Aerial Tronsportotion, Have Great Possibilities If Costs are 
Reduced to Meet Competition of Other Forms of Tronsportotion ond if 
Adequate Facilities are Made Available for Hondling Troffic 


I s IT possible that feeder lines, area 
airhnes, or local airlines, as they 
have been variously termed, will 
become the highways of the air, and 
carry more passengers than the great 
transcontinental airways'^ There is 
much discussion of the question and 
many people seem to thmk that 
feeder lines have great possibilities, 
provided the right equipment, op- 
erational methods, and landing field 
facilities are forthcoming 
Mr. Neil B Berboth, summariz- 
ing a survey undertaken by Dean C 
Smith of Fairchild Engine and Air- 
plane Corporation, calls the term 
“feeder line” a misnomer It con- 
veys the idea of small aircraft feed- 
ing passengers beti^een trunk air- 
line termmals and smaller off-line 
cities A newer and probably sounder 
conception is one of a nation-wide 
system serving the trunk lines, but 
also providmg a local interurban air 
service 

The huge potential markets of the 
feeder airlines can become an ac- 
tuality only if cost can be re- 
duced to two cents per passengei 
mile In the hearings before the 
Civil Aeronautics Board the fare 
rate base is generally given as about 
five cents a mile; with taxi service 
and short trips of 50 to 75 miles, 
this works out to about 6 3 to 7 0 
cents a mile' Such a cost would be 
prohibitive The chances of success 
are slim imless over-all travel cost 
can be reduced to less than 3.5 cents 
per passenger mile, includmg air- 
port-to-city transportation 
Here are some of the design fac- 
tors recommended for lowermg the 
costs of feeder line operation: Con- 
vertible cargo and passenger ca- 
pacity through the use of a movable 
bulkhead, provision of convenient 
baggage stowage so that passengers 
can hradle their own luggage, ex- 
cept when this is excessively heavy 
and cumbersome; provision of 


roomy cabins set close to the ground, 
thus eliminating cumbersome load- 
mg equipment, use of wide tread 
landing gear with a steerable nose 
wheel and powerful brakes to in- 
crease maneuverabihty on the 
ground, high controllability to re- 
duce air maneuvering time, separate 
loading doors for cargo compartment 
and passenger cabin, and provision 
for qmck attachment of fuel hose 
nozzle underneath the wmg, plus 
rapid gages for measurmg the 
amount of fuel introduced into the 
tanks 

COST COMPARISON-Granted a 

passenger load factor of 50 percent 
and full efficiency of operation, heie 
IS what may be expected m com- 
parison with other methods of trans- 
portation over a 75-mile stretch 

City-to-City Air Rail Bus 

elapsed time 1 15 2 05 2*13 
(including time 
to airport) 

Passenger fare $175 $1.15 $0 95 

If this simple table is not over- 
optimistic, then these figures are 
quite encouraging But, of course, 
besides saving in time and cost be- 


cause of the design of the airplane, 
every other opportimity of econo- 
mizmg must be grasped If care is 
exercised in all these matters, and 
airplanes are built which would 
specifically meet the requirements 
of local traffic — carry somethmg like 
eight passengers, baggage, and 1000 
pounds of cargo — or, alternatively, 
twelve passengers and 200 poimds of 
cargo — ^then very shortly after the 
war some 30,000 miles of feeder 
lines may be expected to be profit- 
ably at work, and several hundreds 
of short-haul aircraft purchased an- 
nually from the plane manufac- 
turers 

An experienced motor bus op- 
erator, Manfred Burleigh of Great 
Lakes Greyhoimd Lines, m an edi- 
torial m “Aero Digest,” makes a 
very strong case for the coordination 
of bus and air equipment in local 
transportation He writes “Local 
air-bus service, which surface 
transportation companies propose to 
inaugurate, would carry passengers, 
mail, and express, operatm^ on fre- 
quent schedules between bus sta- 
tions in the downtown sections of 
cities and towns The air-bus system 
would be integrated with motor-bus 
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A moiltl of tht Porks mobiU oirport stotion 


transportation to bring maximum 
convenience and economy for the 
traveling pubhc Every air-bus ter- 
minal or station, whether in small 
towns or large cities, would be lo- 
cated close-in to the central busi- 
ness district” 

HELICOPTERS— All this sounds 
Very reasonable. Perhaps as a sur- 
face transportation man, Mr Bur- 
leigh does not give quite enough 
consideration to the difficulties at- 
tendant on the flying of an airplane 
right into the heart of a city But 
probably he meant that helicopters 
would be the appropriate aerial ve- 
hicle, for he goes on to say ”Heli- 
copters, where used, would maintain 
a mmimum scheduled speed of 90 
miles per hour, with stops at inter- 
vals of 25 to 75 miles dependmg 
upon the distribution of population 
Direct helicopter connections would 
be made available to thousands of 
small communities not financially 
able to build and maintain the 
large airports required for fixed 
wing ai^raft By coordination of 
motor-bus and air-bus schedules, 
the residents of small towns and 
rural areas in between helicopter 
stops would have air service con- 
veniently accessible to them ” 

There are many techmcal difficul- 
ties to be overcome, before the heli- 
copter can safely enter such ser- 
vice, but there is a great deal of 
logic in Mr Burleigh’s remarks 
But if the helicopter is not to be 
brought into service right away, and 


if the airplane is still to be the mam- 
stay of even local airlines, what can 
be done to decrease landmg time 
losses in airline operation, losses 
which more than compensate for tho 
greater speed of the airplane once 
it is in the air when short-haul op- 
erations are involved? 

James G. Ray, vice president of 
Southwest Airways Company, and 
himself a pilot of long experience, 
answers this question. Speeding up 
the airplane alone is 'not sufficient 
because indefinite increase in speed 
also means prohibitive increase in 
cost. The answer lies in the intensive 
study of causes of delay at landmg 
stops If passenger doors actuated 
a small folding step, attached to the 
airplane, passengers could easily 
climb in and out without the neces- 
sity of a loadmg platform. In re- 
fuelmg a plane, it would be more 
logical to have a smaller contamer 
holdmg about the amount of gaso- 
line that needs to be serviced into 
the airplane and moimted on a ve- 
hicle similar to a jeep that could be 
handled much faster than the pres- 
ent tank trucks. It is not imusual to 
see the ^gme turn over for qmte a 
few seconds before it starts At re- 
fueling stops it may stiU be neces- 
sary to stop the engine because of 
fire hazards, but a method should 
be devised to keep the engine run- 
ning at aU other stops By taking ad- 
vantage of these and other improve- 
ments, as much as four or five min- 
utes could be saved m the loading 
and unloading of aircraft 


Deahng with improvements in 
airport facilities, Mr. Ray has this 
to say: “Airports as they exist to« 
day have become cumbersome and 
imwieldy in the endeavour to ac- 
commodate larger, faster aircraft 
The inevitable of increased 

landing and take-off speeds has 
been &e expansion of airports in 
every direction, to the point where 
they have become so expensive as 
to be prohibitive for the average 
small city to establish and maintain 
For this problmi, too, the area air- 
lines have an efficient and economi- 
cal solution— flight strips. If pos- 
sible, these should be laid out paral- 
lel to the course of the area line and 
sufficiently long— at Idast 2000 feet— 
to permit landings from either di- 
rection without the necessary time- 
wastmg circling, except in the case 
of strong head winds. The perfect 
flight strip would be 4000 feet long, 
enabling planes to land, discharge 
their passengers or cargo at a point 
midway down the strip, and then 
continue their take-off in a contmu- 
ous directional operation without 
taximg delays” 

There will also be other devel- 
opments for the improvement of 
ground facilities Here is an idea 
of a totally different kind, though 
still related to the same objective, 
recently presented to the Civil 
Aeronautics Board by Oliver L 
Parks, of Parks Air College It in- 
volves a mobile airport station that 
looks like a trolley bus and performs 
like a station wagon It is designed 
to drive right up alongside an air- 
plane where it stops, deliver and 
take off passengers, mail, and cargo 
—in short, to serve all the require- 
ments of an airport terminal build- 
ing and more TTiis would be an ex- 
cellent device to coordinate with the 
flight strip, and certainly of mterest 
to the feeder-lme operator. Built-in 
features will include everythmg 
from a ticket-sales counter to toilet 
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facilities. All will be housed in a 
vehicle 8 feet wide, some 22 or more 
feet in length, and 9 to 10 feet in 

PLANES— Engineers of the Glenn 
L. Martin Company have designed 
a 30-passenger plane for short-haul 
operation. The plane can be either 
low or high wing There is so much 
discussion regar^ng the position of 
the wmg, and there are so many 
good arguments on either side, that 
Martin is quite right m providing 
alternatives The high wing fur- 
nishes better passenger vision, 
greater ease of loadmg and unload- 
ing, and reduced ground time On 
the other hand, the low-wing de- 
sign provides a shorter landing gear 
and i;educed empty weight. In both 
cases a tricycle landing gear is pro- 
vided for convenience in loading 
and unloading and to keep the floor 
level at all times. Either Wright or 
Pratt and Whitney engines can be 
employed 

The models are designed to op- 
erate over a 500 mile range, at a 
cruising speed of 250 miles an hour, 
or nearly 50 percent greater than 
that of present-day airliners. 

There are included in the Martin 
design two large hatches— one for- 
ward and one aft — ^at lower than 
truck height, which is significant 
There will also be available a move- 
able bulkhead or wall to separate 
cargo and passenger compartments 
Thus the size of each compartment 
can be varied accoidmg to Ae num- 
ber of passengers and amount of 
cargo demanded for each trip and, 
with standard cargo tie-down fit- 
tmgs, a complete conversion will be 
made in 20 minutes or less As an 
added convenience for passengers, 
a compartment for hand luggage is 
included just inside the entrance so 
that air travelers can bring their 
own bags aboard and have them 
available throughout the flight 

The proposed Douglas “Skybus” 
probably comes closer to the re- 
quirements of the local airline than 
does the excellent Martin proposal 
This design involves a high-wing, 
twm-engine, all metal monoplane 
with tricycle landing gear. High pay 
load will be provided with a maxi- 
mum of 24 passengers; extt^me 
maneuverability in the air and on 
the ground, ability to land and take 
off in small airports, and low landing 
speed are among important fea- 
tures. Further, two wide, truck-bed- 
l^vel doors, an adjustable bulkhead 
in the cabin, large baggage racks, 
and many other new features assure 
quick and easy loading. The engines 
are of 700 horsepower each. 

Any discussion of feeder airlines 
must at least mention the system 


of air pick-up used so successfully 
by All American Aviation for mail 
and cargo, Imd now adapted to 
glider and hutnan pick-up. This 
system of pick-up has peculiar sig- 
x^cance for the small community, 
and greatly increases the chances of 
eVen the smallest commimities se- 
curing the maxhmfm in air service 
Further, there xrnot the slightest 
doubt that, should it be found prac- 
ticable to employ gliders in air 
cargo transportation, the pick-up 
system will be completely ready for 
service. 

If the new highways of the air — 
the feeder lines— can be made suc- 
cessful through inventiveness or the 
application of mechanical ingenmty, 
their operators can certainly be con- 
fident of receiving such help 


^ 9 


FASTEST FLISHT 

Achieved by New Jet- 

Propelled Plane 

T HE SHOOTING STAR, newest Ameri- 
can jet-propelled fightmg plane, 
produced with the aid of the Army 
Technical Service Command at 
Wright Field, General Electric Com- 
pany, Lockheed, and the British 
RAF, has aroused considerable in- 
terest 

Streamlined ducts tti the leadmg 
edge of the wing lead air to the en- 
gine where a high-speed fan forces 
the air mto it at hi^ compression 
From the compressor, the air passes 
mto the combustion chamber where 
it is mixed with fuel mjected at 
high poessure. A continuous explo- 
sion occurs in this combustion cham- 
ber, heating the gases to an ex- 
tremely high temperature and caus- 
ing them to expand violently The 
exploded mixture under great pres- 
sure can move only in one direction 
— toward the back of the airplane 

Once the engine is started, no ig- 


mtion system is necessary. A small 
metal plug protruding into the com- 
bustion ch^ber heats red hot in 
die first few seconds of operation, 
and thereafter serves to ignite the 
mixture of air and fuel as it is in- 
troduced. For the initial starting, 
spark plugs are used 

From the combustion chamber, Ihe 
hot gases pass rearward throu^ a 
gas turbme The turbine, connected 
by a shaft to the compressor fan, 
suppUes the power necessary for the 
mtake and compression of air. 

The basic simphclty of jet engmes 
may lead to rapid production for 
military purposes npw that work- 
able engmes have been developed 
Many of the problems of recipro- 
cating engmes— coolmg, complex 
electrical systems, gear drives, and 
the like — are all eliminated For 
fuel, the General Electric’s engme 
uses kerosene, which is preferable 
to gasoline because it provides some- 
what more Btu’s per pound and per 
gallon. Thus the dangers of hand- 
Img high octane gas are eliminated. 
While no definite design or per- 
formance information is given, the 
Air Force permits it to be known 
that these planes are faster than 
anything that Japan or Germany 
have flown, includmg the tailless 
Messerschmidt 183 Rocket Inter- 
ceptor Production is well imder 
way 

Armament of the Shooting Star 
IS located m the nose for most ef- 
fective concentration of firepower 
The fuselage is lacquered to a high 
polish of indefinite color and, with 
a minimum of air resistance, slips 
through the skies hke an apparition 
of death. The wing is refin^ and is 
a brand-new type, with a knife-Uke 
leading edge, to avoid the problems 
generally encountered at or near the 
speed of sound Streamlined air- 
mtake ducts nestle on each side of 
the fuselage just forward of the 
leadmg edge of the wing. Rate of 
climb and angle of climb at high 
speeds are said to be superlative. 
The cabin is pressurized. 



OourUiy Lookheed Aircraft Oorpontlon 

A moior miiconcsption concsmlng let propultton is that the expanding gases push 
against the opt^e air to famish forward motion However, this simplified diogrom 
of the distribution of forces in o |et*propulsion engine shows thot it does qpt depend 
on* the air for its forward thrust but entirely upon reaction against the engine 
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CHEMISTRY IN INDUSTRY Conduetod by D. H. KILL^FER 


Automotive Rubber 


Forgetting for the Moment Todoy's Pressing Question of Tires, Con- 
siderotion is Given to the Ploce of Synthetic Rubber in Mechonicol 
Ports for Post-War Vehicles. Temperotures Encountered in Operation, 
Stresses Imposed, and Other Foctors Must Be Known if the Designer is 
to Take Full Advantage of the Mechonicol Qualities of the Synthetics 


S YNTHETIC rubber is here to stay 
for mechanical parts on auto- 
mobiles, trucks, tractors, and air- 
planes — ^not as a rubber substitute 
but as an essential engineering ma- 
terial Natural rubber will never 
again be used for hundreds of dif- 
ferent mechanical parts, in which 
synthetic rubbers are already out- 
performing it The development of 
synthetic rubber is in its infancy 
and we can look forward m the im- 
mediate post-war years to fiwther 
improvement in compounding tech- 
nique and to the development of 
new synthetic elastomers 
All synthetic rubbers (that is, 
synthetic elastomers) are tailor- 
made, long chain molecular arrange- 
ments, high polymers with mole- 
cular weights ranging as hi^ as 
several hundred thousand. They 
are products of polymerization 


BmM from • p«p«r tar Sllwood F 

2^** Automotive Sorlneer, Wreetone in- 
duftrtal Produote Oompany, preientM at the War 


phenomena, and the wonders of 
this mechamsm have just begun to 
be realized While no one of the 
tailor-made elastomers possesses all 
of the properties wanted today, sev- 
eral of them have already made 
natural rubber take a back seat m 
certain specific apphcations. With 
the rapid development in this field, 
entirely new synthetic elastomers 
will undoubtedly possess properties 
greatly superior to those now in pro- 
duction The rubber mdustry should 
then be able to give vehicle manu- 
facturers materials with tailored-to- 
order physic^properties for specific 
applications ^ 

PROPERTIES — ^The synthetics pos- 
sess amazmg properties They pro- 
vide wonderful resistance to oils, 
gasolines, solvents, chemicals, gases, 
ozone, sunlight, flame, heat, cold, 
and flexing, that enable us to build 
mechanical parts which are giving 
unbelievable performance m planes, 
tanks, amphibian units, and sea-op- 
erating craft In fact, synthetics per- 
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mit the use of rubber-hke materials 
where natural rubber could never 
be considered 

Information generally available on 
synthetic rubbers has been limited 
to room temperature, conventional 
physical properties, and static 
studies such as ultimate tensile 
strength, elongation at rupture, and 
compression set. But highly func- 
tional synthetic rubber parts de- 
mand of designing engineers full 
knowledge of the S3nithetic elastomer 
compounds they plan to use at op- 
erating temperatures which seldom 
are room temperature A few of 
these men have been thoroughly 
disappointed with some synthetic 
rubber compounds which give in- 
ferior performance in designs based 
on knowledge of the properties of 
natural rubber. Any changeover is 
not so simple as just specifying the 
use of synthetic instead of natural 
rubber, the properties of synthetic 
rubbers are vastly different from 
natural rubber over a range of con- 
ditions. Often alterations of design 
and certainly of dimensions are 
necessary for success with synthetic 

Some of the synthetic rubber 
compounds are superior to natural 
rubber compoimds for mechanical 
rubber goods parts A goodly num- 
ber of the properties of any sjm- 
thetic rubber stock depend on the 
compoxmding ingredients and the 
compounding technique. Lack of 
success may not be the fault of a 
particular basic synthetic elastomer 
Much can be accomphshed by cor- 
rect compounding. As an illustra- 
tion, a GR-S compound showed 
flexing fatigue failure after 9000 
C 5 ^ 1 es; however, the same elastomer 
with an entirely different com- 
pounding technique gave a flexing 
hfe up to 99,000 cycles, an improve- 
ment of 1000 percent. Synthetic 
elastomers are much more sensitive 
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T«mp«roturf rise of synthetic* rubber cor ports, storting from tow temperoture 


to differences in compounding than 
is natural rubber 

In pre-war years, we were not too 
concerned with the effect of tem- 
perature on the properties of natural 
rubber Temperature gifeatly changes 
properties of both natural and syn- 
thetic rubber compotmds but the 
influence which temperature has on 
the properties of the synthetic rub- 
bers available today is much more 
pronounced than on those of nat- 
ural rubber, therefore the design- 
ing engineer must not only consider 
the temperature range in which his 
designs are to function, but must 
know at what temperatures the 
maximum and minimum stress oc- 
curs in the synthetic rubber parts 
imder consideration 

The conventional method of spe- 
cifying properties for mechanical 
rubber goods compounds today is 
the same as it was 30 years ago 
Tensile values are still expressed in 
pounds per square inch at rupture, 
tested at room temperature Elonga- 
tions also are still expressed at rup- 
ture at room temperature 

Actually, not one of the highly 
functional rubber parts of automo- 
biles, trucks, tractors, or airplanes 
operates at room temperature only 
Consider, for example, the operating 
temperatures of motor supports, fan 
belts, muffler insulators, water pump 
seals, radiator hose, engine throttle 
insulators, and other parts Hence 
the conventional room-temperature 
property studies alone do not permit 
complete evaluation of the synthetic 
elastomers commercially available 
today Careful measurements of the 
operating temperatures of various 
highly fimctional automotive me- 
chanical rubber parts recently re- 


vealed some astounding data Auto- 
mobile motor mountings, as an il- 
lustration, on vehicles operatmg in 
hot southern states build up tem- 
peratures of 150 to 180 degrees, Fah- 
renheit On desert runs tempera- 
tures may rise as high as 214 de- 
grees, Fahrenheit 

STRENGTH — Tensile pulls and their 
respective elongation, as has been 
noted, are expressed at rupture at 
room temperature However, all 
highly functional lesilient insulator 
parts have their movements hmited 
mechamcally, and it is therefore not 
logical to study only ultimate tensile 
values None of the vibration iso- 
lation or insulator devices employed 


today on vehicles allows movement 
much beyond 100 percent ehmga- 
tion at operating temperatures. Most 
of them fimction at 15 to 30 percent 
elongation, so why study tensile 
values at rupture at room tempera- 
ture where elongations may run to 
800 percent or more*^ Tension curves 
for synthetic and natural rubber 
compoimds are not linear and there- 
fore show amazmgly different ten- 
sion modulus values in the lower 
elongation ranges encountered un- 
der actual working conditions 
Conventional tensile determma- 
tions at rupture would condemn 
some of the synthetic elastomers that 
are today actually giving amazmg 
performance Some of these are defi- 
nitely givmg better performance 
than natural rubber compounds 
Pre-war natural rubber (50 
durometer stock) has the same ten- 
sion modulus at 150 percent elonga- 
tion as does neoprene (GR-M) and 
Buna S (GR-S); however, a raise 
in temperature to 158 and to 212 de- 
gi ees, Fahrenheit, stiffens the modu- 
lus of the natural rubber and the 
Buna S (GR-S) m this low-strain 
actual operatmg range, but does not 
noticeably change the tension modu- 
lus of the neoprene (GR-M) com- 
pound The stability of this neoprene 
compound is therefore better suited 
and more ideal for motor moimtings 
or other parts operatmg under these 
indicated temperature conditions 
Tension modulus studies at low tem- 
peratures (0, —25, and —40 degrees, 
Fahrenheit) brmg out the low-tem- 
perature sensitivity of the general- 
utility synthetic elastomers 

BOUNCE — ^Resilience values of com- 
pounds at specified temperatures 
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are essential in any design of im- 
pact*absorbing devices, such as rub- 
ber springs, spring stabilizer insu- 
lators, frame insulators, axle 
biunpers, shock absorber insula- 
tors, engine stabilizers, Instrument 
mountings, and aircraft landing gear 
parts 

Resilience can be determined by 
the reboimd of a steel ball, permit- 
ting comparisons between S3mthetic 
elastomers and natural rubber com- 
pounds ‘Impact resilience” is ex- 
pressed by dividing the first reboimd 
height by the distance of the free 
fall. 

Butyl rubber behaves remarkably 
in this test. At room temperature it 
has a rebound of only 9 percent, 
but after the compound hka been 
heated to 212 degrees, Fahrenheit, 
has a value of 51 6 percent This re- 
bound at the boiling point of water 
IS greater than Buna-S rebound at 
room temperature The neoprene 
compound is approximately equal to 
the natural rubber at room tempera- 
ture and exceeds the rebound of the 
natural rubber when both are 
heated to 158 degrees, Fahrenheit 
The rebound of neoprene compoimd 
also exceeds that of the natural rub- 
ber compound when both are heated 
to 212 degrees, Fahrenheit 

The Buna N (Butaprene-NXM), 
a butadiene acrylonitrile co-poly- 
mer, likewise shows greater re- 
bound than natural rubber at 212 
degrees, Fahrenheit The butadiene 
acrylonitrile copolymers have a high 
resilience at elevated temperatures, 
but comparatively poor resilient 
properties at low temperatures 
Butyl (QR-I) shows the greatest 
mcrease in rebound resilience of all 
the elastomers resulting from the 
temperature rise from room tem- 
perature to 212 degrees, Fahrenheit 
— ^that of 473 percent, compared to 
28 percent for natural rubber Cer- 
tainly there should be applications 
where this property of Butyl can be 
utilized to its fullest extent. 

At extremely low temperatures 
where rubber-like materials must 
be used, one or more of the present- 
day synthetic elastomers will not 
only out-perform natural rubber, 
but will also have the desirable 
feature of not becoming brittle at 
temperatures substantially below 
the brittle point of natural rubber 
Some of the oil-resistant synthetics 
have lower brittle points than nat- 
ural rubber. Emulsion polymerized 
polybutadiene compound not only 
will excel natural rubber m having 
an extremely low brittle-pdht tem- 
perature (—100 degrees, Fahren- 
heit), but will also out-perform naf- 
ural rubber by being ll^ible at low 
temperatures. The comparatively 
new technique of compounding 


synthetic rubbers with low-tempera- 
ture depressing plasticizers lor ex- 
tremely low-temperature operating 
conditions is becoming increasingly 
important to the design engineer, 
especially for the aircraft indus- 
tries. Natural rubber does not lend 
itself, as do synthetic elastomers, to 
compounding with large amounts of 
low-temperature depressmg plasti- 
cizers and modifiers, which cause 
too serious a decrease in mechanical 
properties 

For resistance to ultra-violet rays, 
ozone, acid, and gas diffusion, one 
or more of the S3mthetic rubbers 
show up vastly superior to natural 
rubber. Under conditions of direct 
sunlight, ultra-violet radiation, and 
ozone as generated by corona elec- 
trical discharge and by other metos, 
natural rubber deteriorates very 
rapidly. Some of the S 3 mthetic 
elastomers are better than natural 
rubber by several thousand percent 
in life under these conditions Re- 
sistance to ozone and corona are 
all-important for ignition distribu- 
tor gaskets, distributor harness 
boots, ignition wire covering, sun- 
exx>osed windshield wiper blades, 
and sun-exposed windshield and 
window seals. 

In intitnate contact with oils, nat- 
ural rubber is an inferior material 
and can not possibly give satisfac- 
tory performance, whereas several 
of the synthetic elastomers have 
been giving outstanding perform- 
ances over long time intervals 

The future possibilities of syn- 
thetic rubber-hke elastomers as 
engineering materials are practi- 
cally unlimited Some special com- 
pounds of emulsion-polymerized 
polybutadiene, not on the market 
today, may prove to be the long- 
awaited material for use in special 
refrigeration equipment. In such ap- 
plicabons natural rubber coidd 
never be used as it becomes as 
brittle as glass at temperatures be- 
low —68 degrees, Fahrenheit 

NEW SYNTHETICS-^Butyl is the 
newest of the present-day commer- 
cially available synthetics, and has 
real possibilities. The triemendous 
Improvement in resilience of Butyl 
compounds resultmg from rise in 
temperature from room temperature 
to 212 degrees, Fahrenheit, should 
make this synthetic the answer to 
numerous ai^lication problems 
where this property is desired. 

Greater Improvements in Buna-S 
copol 3 nner 8 can be expected because 
of the large number of variations 
possible in butadiene and styrene 
ratios. This is true also of the Buna- 
N group where startling results can 
be anticipated from multi-polymeri<- 
zation of the butadiene with variQua 


other materials, phis blending with 
various plastics whidi would with- 
stand temperature variations from 
-40 to +350 degrees, Fahrenheit, 
without charring or violatilizing and 
without shrinking or becoming 
brittle and having &e least tendency 
to absorb water. Silicone rubber 
has all of these properties and 
should prove to be the engineering 
material for dozens of special-pur- 
pose appheations. 

Dichlorostyrene-butadiene copoly- 
mers likewise recently have been 
announced. They should also prove 
very desirable engineering materials 
because of their compounded physi- 
cal properties being a combination 
of those normally associated with 
natural rubber. 

One or more of the present-day 
synthetics are superior to natural 
rubber in a vast amount of different 
physical properties With further 
developments in synthetics, new 
materials for engineering applica- 
tions may be expected to give per- 
formance not even approached by 
any other engineering materials 
used in the past or available at 
present. 
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ALCOHOL PROM FARMS 

A4acfe Wore Economical by 

Us9 of Mobile Units 

Improved economies in the output 
of alcohol fr*om farm products and 
wastes are expected in the post-war 
period by the production of alco- 
hol on a train of five railroad cars 
fitted out as a mobile plant High 
freight charges on raw material and 
the need for large quantities for con- 
tinuous operation will be obviated 
by taking the mobile plant to the 
raw material source The process 
used employs many recent improve- 
ments which speed up the operation 
and allow a plant of economical 
capacity to be moimted on frei^t 
cars. 

Although economies m manufac- 
turing costs can be effected by the 
new mobile plant, the quantity of 
alcohol producible from a bushel of 
com is unchanged and limits the 
possibility of converting farm prod- 
ucts ecimomically into motor fuel, 
when the farmer is paid a reason- 
able price for his product The new 
mobile unit is expected to cheapen 
farm-produced al^hol by redudng 
production expenses as well as by 
obtaining its raw material at the 
most advantageous price directly st 
the farm. 
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METALS IN INDUSTRY Condticted by FRED P. PETERS 


Miracle Or Mirage? 

Powder MetoHurgy, on Older Art than Many Reolize, Con Thonk the 
Automotive Industries for Much of its Recent Exponsion. Will this 
Growth Continue or Will the ^^Modern Miracle"" Prove to be o Miroge? 


O NE of the largest question- 
marks facmg mdustry today is 
the future of powder metallurgy, 
that simultaneously ultra-modem 
and old-as-the-hills metal-workmg 
process that can circumvent both 
metal-melting and machining to pro- 
duce precision parts at mass-pro- 
duction rates Large compames and 
small are either actively engaged in 
or interested in the use of metal 
powders, with scores of others won- 
dering if they too, shouldn't be! 

The automotive mdustries share 
with the manufacturers of electrical 
products the credit for most of the 
outstandmg powder metallurgy de- 
velopments in recent years. Their 
example has been followed by other 
industries, and out of this has 
emerged a well-integrated **powder 
metallurgy" industry. 

In view of this expansion, wide- 
spread appUcability, and growing 
prominence of powder metallurgy, 
many manufacturers are today ask- 
ing themselves: "Is this somethmg 
I should be using? Is there a place 
for powder metallurgy parts in my 
products, or, indeed, should I even 
enter into the production of powder 
or powder-parts, either for our own 



use or for sale outside^" The answers 
to these questions must be based in 
any case on a clear understanding 
of what powder metallurgy is and 
what it can do 

WHAT IT IS— The term "powder 
metallurgy" most accurately covers 
the whole field of the production 
and use of metal powders, but here 
emphasis shall be placed on that 
phase represented by the manufac- 
ture of parts and sohd products by 
pressing metal powders to shape m 
a die or mold, heating or "sintering" 
the pressed part (called a "bri- 
quette") to strengthen and consoli- 
date it, and then (in many cases) 
subjecting it to a final coining or 
sizing operation to obtam closest di- 
mensional accuracy 
For each type of product to be 
pressed and sintered, the powders 
must be carefully chosen for purity, 
size, size distribution, flow charac- 
teristics, "apparent density," and 
pressing characteristics. Powders 
that are not clean with respect to 
mdividual particle surfaces may not 
consohdate properly; too hard a 
powder may be expensive to press, 
incorrect particle size distribution 
may i;e5ult in poor packing, "bridg- 
ing," inability to achieve the exact 
density or porosity desired in the 
finished part, and sp forth The "ap- 
parent density" of a powder (the 
weight in grams of one cubic cen- 
timeter of the powder) is a vital 
factor smce it affects the amount 
of powder required to produce a 
briquette of a given size, the blend- 
ability of the powders when they 
are mixed, and so on. 

POWDER GOSTS-Metal powders 
are quite expmsive, as raw mate- 
rials go. A stsndard grade of copper 
powder costs about 20 cents a poimd, 
while iron powder, on whic^ any 
future exp8|fi$ite of powder metal- 
lurg^r as a competitive parts-fabri- 
cating method clearly depends, is 


priced between 10 cents and nearly 
one dollar a pound for various 
grades But an ear to the groimd 
can occasionally detect rumblings 
that indicate a possible early lower- 
mg of price and an increase in the 
amount of inexpensive iron powder 
available. 

After selection and grading, pow- 
ders are sent to a mixing or blend- 
ing machme, if more than one metal 

Courtesy Kux Machine Company 
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Some typicol powder metol ports 


or more than one particle size dis- 
tribution are involved, and the 
blended powders are placed in a 
mold and pressed in a mechanical 
or hydraulic press. 

In recent years press sizes and 
pressures have increased consider- 
ably, with a consequent increase in 
either the maximum cross-section 
area of parts that can be pressed or 
m the density and mechanical prop- 
erties of the pressed products. Thus 
two of the chief classic limitations 
of powder metallurgy parts — ^their 
characteristically small size and their 
relatively low strength — are being 
successfully attacked and may in 
time be much less important than 
formerly. 

The "green" (pressed but not 
smtered) briquettes are next con- 
sohdated and strengthened by heat- 
ing to a suitable temperature, usu- 
ally m an inert or reducmg atmos- 
phere and occasionally in a vacuum 
The temperaturea employed are ap- 
proximately two thirds ef the melt- 
ing point of the metal or alloy being 
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sintered, although some sintermg 
temperatures approach the melting 
pomt itself. 

The sintermg operation, while 
necessary to obtain product strengths 
comparable to those of convention* 
ally cast or wrought metals, mtro- 
duces problems of its own, espe- 
cially through the dimensional 
changes (usually shrinkage) that 
occur in the process Thus it is of- 
ten desirable to control final size 



i i 

Through the powder-metoliurgy proc- 
eii, these precision gages and die 
parts are made from iron powders by 
Chrysler Corporotion's Amplex Division 

very accurately or to improve sur- 
face finish by repressing or coinmg 
the part m a final sizing operation 
This practice is now widely used, 
especially for parts whose dimen- 
sional tolerances must be held to 
0 001 inch or closer 

Another auxiliary operation of 
considerable importance is the im- 
pregnation of porous parts or ma- 
terials with a pore-filling constitu- 
ent, the best examples of this be- 
ing the impregnation of porous 
bronze or iron bearings with oil to 
make them “self-lubricating” and 
the absorption of molten coppei into 
porous tungsten to produce tung- 
sten-copper electrical contacts 

SPECIAL EFFECTS - From this 
necessarily brief description of the 
powder metallurgy process it is ev- 
ident that it can achieve certain 
special effects or structures that 
would be difficult or impossible to 
obtain otherwise It can produce ma- 
terials or parts of controlled poros- 
ity, as in the porous or self-lubri- 
cating bearmg and filters or screens 
It can produce solid metals whose 
melting points are prohibitively high 
for the usual melting and casting 
practice, such as, for example, tung- 
sten or tantalum products 
In addition, mixtures of non-al- 
loyable or imrhiscible-by-melting 
metal combinations like copper and 
lead for copper-lead bearmgs, or 
tungsten carbide and cobalt for car- 
bide toola, can be manufactured by 
powder metallurgy It permits the 
production of parts and materials in 
which the ingredients retain their 
separate characteristics; the heat 
conductivity of copper, the running 


properties of lead, and the friction- 
producing characteristics of emery 
in the smtered copper-lead-emeiy 
clutch facing is a good example of 
this 

Where ultra-high purity of the 
material is vital, as m refractory 
metal products for electromc tube 
service, magnetic dores for radio 
and telephone use, and so on, pow- 
der metallurgy avoids the possibil- 
ity of contamination that is usually 
present m melting and casting oper- 
ations. Agam, powder metallurgy is 
especially useful for materials like 
Alnico magnets that are virtually 
impossible to machine to final di- 
mensions 

COMPETITIVE FEATURES — All 

these are the “specialty” advan- 
tages of powder metallurgy which 
have led to its use for literally mil- 
lions of parts that could not be made 
commercially by other methods But 
what of the “competitive” features 
of powder metallurgy that permit it 
to replace machinmg or forging or 
stamping or casting for certain mech- 
anical parts, with evident cost or 
production advantages, and what of 
its disadvantages lind hmitations in 
these respects’ These features are 


important, for on them may dep«id 
the answers to the question about 
powder metallurgy’s future. 

In the first place, powder metal- 
lurgy IS fast, production rates up to 
1600 pieces per hour are common 
and much higher rates (even up to 
500 per minute) have occasionally 
been reported. There is virtually no 
material waste in the process because 
of the absence of machimng, cast- 
ing sprues, forging flash, and the 
like In many cases overall economy 
may be considerable through the 
automatic, high-production, low la- 
bor-cost nature of the process and 
the elimination of many operations 
often required to make the parts by 
machining. 

Close dimensional tolerances 
(about ±0 001 inch on parts Up to 
two mches long or wide) can be 
held, with 0 0005 mch available at 
extra cost, for special work on small 
parts Larger parts can be held to 
±0 002 inch tolerances 

The chief competitive disadvan- 
tages of powder metallurgy are the 
high cost of the powders in compar- 
ison with the raw material for other 
metal-working methods, and mod- 
erately high cost of dies, and the 
1 datively low mechanical strengths 
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of powder metallurgy products. A 
ratto imposing set of design limi- 
tations (avoidance of sharp comers, 
abrupt changes in section thickness, 
undercuts and re-entrant angles, 
parts that are too long for ^eir 
cross-section, and so on) not only 
restrict the complexity and variety 
of products, but also require the use 
of part and die designers with con- 
siderable experience m this field 

Part sizes, too, are definitely lim- 
ited by press capacities. And, finally, 
powder metallurgy is economically 
best suited to mass-production re- 
quirements, although a few cases 
are on record of economical produc- 
tion of parts m lots of less than 500 

The competitive advantages of 
powder met^lurg;^ have outweighed 
its disadvantages m comparison with 
other methods for scores of machm- 
ery and ordnance parts, made chiefly 
from iron, brass, or bronze powders 
A famihar example is a small spur 
gear for automobile oil pumps, for- 
merly made by machinmg cast-iron 
blanks When pressed from pow- 
dered iron, enough material (nor- 
mally wasted m machmmg out the 
teeth) was saved to more than off- 
set the higher raw-material cost of 
the powder, mdeed, the final cost 
of the powder metallurgy gear was 
only 40 percent of that of the cast- 
and-machined gear, and the surface 
properties of the smtered gear were 
superior. 

Gears, cams, ratchets, door-locks, 
levers, splined parts, zipper die 
molds, trigger components, and doz- 
ens of other parts made from metal 
powders have justified the economy 
of their manufacture and proved 
the applicability of powder metal- 
lurgy during the war But it is still 
far from a panacea for the cure of 
all production problems 

LOOKING FORWARD-ActuaUy the 
best thinking in the mdustry runs 
somethmg like this. Powder metal- 
lurgy’s basic importance and major 
applications still rest largely on 
“specialty” uses — self-lubricating 
bearings, electrical contacts, * ce- 
mented carbides, filters, friction ma- 
terials, refractory metals, motor 
brushes, and so on, that can be made 
only by this method. 

The use of powder metallurgy for 
making machinery parts will gradu- 
ally increase and the rate of mcrease 
will be accelerated if and as a lower 
cost, good-pressing iron powder be- 
comes available in large quantities, 
much larger presses than those now 
m use are biiilt, and the mechanical 
properties of pressed and sintered 
parts are considerably improved. 
But it wiU be at least a few years 
before the expansion in this phase 
reaches *^boom” proportions, and it 


will never reach the stage where 
powder metallurgy will be a menace 
to the forging, casting, or machine 
tool industries. 

For those curious about the place 
of powder metallurgy in their lives 
the best answer therefore seems to 
be — investigate powder metallurgy 
and powder met^ parts for your 
products wherever possible, espec- 
ially with the help of an experienced 
powder fabricator Such parts may 
save you time, money, or materials 
But imless you have a distinct eco- 
nomic or raw material or technical 
advantage, don’t enter the field of 
powder or parts manufacture in 
competition with the established and 
experienced producers, for it is one 
field that is fast approaching sat- 
uration 
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DEEP DRAWING 

Now Accomplished With V7~ 

Inch Magnesium Sheets 

MIost of the deep drawmg and 
forming work on magnesium alloys 
has been done with light and 
medium-gage sheet — 0 125-inch gage 
and hghter — and they have usually 
been formed through only one or 
two press operations The Worcester 
Pressed Steel Company, however, 
has developed a technique of deep 
drawmg magnesium domes 10 mches 
wide and 11 mches deep from mag- 
nesium alloy sheet %-mch thick 

The process mvolves hot drawmg 
at about 600 degrees, Fahrenheit, in 
a double-action draw press, “iron- 
ing” the sidewall to reduce its thick- 
ness, and hot forming (piercmg, m- 
dentmg, upsetting, and sizing) the 
dome to final size and shape The 
material and method replace cold- 
drawn aluminum previously used 
for this part 

METAL POWDERS 

Pose Problems for 

Post-War Use 

N^ith all the interest in powder 
metallurgy and its post-war possi- 
bilities as a method for fabricating 
machine parts, it is well to remem- 
ber that the metal powders now in 
largest production are used for an 
entirely different purpose. The 
amoimt of aluminum and magnesi- 
um powder used in bombs and 
flares represents far and away the 
largest metal-powder application in 
the war; actually/ the annual ton- 
nage prc^uctioir M jsluminum pow- 
der alone (mostly for pyrotechnic 
use) a now greater them the cor- 


responding pre-war figure for alu- 
mmum metal in all forms* 

This suggests a tremendously ex- 
panded post-war use of aluminum 
paints and prmting inks, thermit 
welding, aerated concrete, and other 
establi^ed peace-time applications 
of aluminum powder. But who 
knows how we will use our great 
magnesium-powder production ca- 
pacity when the war is over? 

MAGNETIC ALLOY 

Exhibits Powerful 

Permanent Magnetism 

A COMPARATIVELY new permanent 
magnet alloy called Almco No 5, 
has been found to have about double 
the residual magnetism of any Al- 
nico previously made 

This alloy has had many apphea- 
tions for ordnance eqiupment. Its 
composition is approximately 8 per- 
cent aluminum, 14 percent nickel, 
24 percent cobalt, 3 percent coppei, 
and 51 percent iron To brmg out 
the maximum magnetic properties, 
a special heat treatment is required 
which consists in heating to 2420 de- 
grees, Fahrenheit, and coohng in a 
magnetic field. 

VACUUM CASTING 

Introduces New Metals 

Working Technique 

T HE growmg use of vacuum and low 
pressures m metal-workmg proc- 
esses IS mterestmgly exemplified m 
the techmque developed by Machlett 
Laboratories, X-ray tube manufac- 
turers, for casting copper anodes for 
X-ray tubes. 

The anodes are from three to five 
mches long and up to 2% inches m 
diameter, with a tungsten insert cast 
on for the target Graphite molds, 
machmed to size and shape, aie used, 
the mold servmg as a graphite cru- 
cible with the copper ingot so posi- 
tioned that when molten it will run 
down mto the mold 

Melting is accomplished by mduc- 
tion heatmg The furnace itself is 
made of glass and consists of a 
quartz cyhnder inside a glass 
cylmder with coohng water circulat- 
ing between them The graphite 
mold with its copper mgot ready is 
suspended inside the furnace, the 
latter is evacuated by means of oil 
diffusion pumps to OOOOOlmm of 
mercury The vacuum is maintained 
during the melting and cooling of 
the copper casting 

A series of eight furnaces is em- 
ployed to give semi-contmuous pro- 
duction— one casting every 25 min- 
utes The technique, which provide^ 
clean, oxide-free, gas-free, highly 
pure castings, can be applfi^ to moin 
metals. 
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IN OTHER FIELDS 


Conducted by The Staff 


The JeepI Post-War 

Improvemenfs ond Changes in Hie Famous Military Vehicle Have Al* 
ready Made it More Useful for Heavy Work in Civilion Life. Retaining 
the Famous Four-Wheel Drive, the New Jeep hos o Transmission 
Adapted to Many Uses and a Re-Designed Combustioii Chamber 


rxEN asked is the question 
“What about the ‘Jeep* in the 
post-war period‘s** And now the 
answer can be definitely given 
“There already is a post-war Jeep” 
The post-war Jeep is modestly 
descnbed by Willys- Overland of- 
ficials as “the first vehicle in history 
to combine successfully the basic 
functions of the light truck, tractor, 
mobile power unit, and passenger 
conveyance ** 

Although It resembles the stand- 
ard military Jeep, and embodies 
the same automotive concept which 
made this car the most versatile 
weapon in the allied arsenal, the 
post-war Jeep presents to the pub- 
lic special values of its own for the 
farm, factory, railroad yards, mmes. 



Jtep con deliver o crote of eggs or 
0 food of boled hoy with equol ease 


oil fields, lumber camps, and other 
peace-time operations 
The concept represented by the 
mihtary Jeep^a balance of powei, 
weight, size, four-wheel drive, de- 
pendability, and ruggedness— has 
been adapted for peace-time service 
to mankind around the clock, around 
the year, and around the world 

POWER TAKE-OFF— Most important 
differences between the military 
Jeep and the post-war Jeep are ttie 
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special power take-off which can be 
used with a splme shaft for direct 
power or with a belt pulley, thus 
making it possible to delegate up to 
30 horsepower to anything from a 
buzz saw to a thresher, and the 
changed gear ratios in the transmis- 
sion, transfer case, and axles This 
latter revision results in maximum 
efficiency while operating at a neces- 
sary farm pace of three to seven 
and a half miles an hour A gear 
ratio IS provided to give a road 
speed of 60 miles per hour These de- 
velopments assure long life for the 
post-war Jeep 

The power take-off, as far as the 
Jeep is concerned, is something 
brand new The post-war Jeep is 
engineered and designed to take ad- 
vantage of mobile JCep power to 
carry it over difficult terrain to the 
job, to adapt it to a long list of sta- 
tionary tasks, to pull heavy equip- 
ment over the highways at a rapid 
late, and tp perform tractor- type 
jobs on and off the highways with 
speed and efficiency 

In the Jeep*s new transmission. 


there are wider gears of more suit- 
able ratios, better lubrication, and 
larger bearings, which means an un- 
usual combmation of power and 
speed There is a higher oil level m 
the engine and greater oil capacity 

IMPROVEMENTS — Other differences 
between the military Jeep and the 
post-war Jeep are 

1 A new combustion chamber in 
which altered dimensions in the 
cyhnder head and combustion cham- 
ber, perfected m the light of the 
newest engmeering knowledge, in- 
crease the power of the post-war 
Jeep. 

2 A radiator shroud provides 
more effective cooling for continued 
low-gear driving on the farm and 
in other highly-demanding work. 

3 A larger clutch permits easy 
starting with increased loads. Once 
engaged, the capacity of the clutch 
to transfer the full torque of the 
engine makes only a nominal dif- 
ference, but In the act of starting 
additional stress is necessarily put 
upon it, and the change obviates any 
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WAR SURPLUS $ 

LENSES"'" PRISMS 



ULVimO TANK PRISM 

)-45*45 degree, 5%** long, SH" wide, Snely 
ouod and polUlied. Would normally retail from 
J4 to ISO eaeh 

Stock #3004 S . . , . $2 00 each Postnaid 

(niuatrated booklet on Prlama Included FRBB) 

POUR SILVIRfD TANK PRISMS- 
tPECIAL $7 00 

Pottpald This la tbe moet aenaational bargain 
we bare ever been able to offer 


TANK PRISMS 

90-45-45 degree prisms of huge size — 
5%'' long, 2%'" wide, finely ground and 
polished Used to build a Periscope . . . 
excellent also for experiments, classroom 
demonstrations at high schools, colleges, 
camera clubs, astronomy clubs Some of 
our Ingenious customers have used these 
Prisms to make camera stereo attach- 
ments, photometer cube, range finder, 
etc Normally, these Prisms would retail 
from $24 to $30 each. 


. - j Y V. ana troi» 

Chipped 

WhUh^W I”>P^feclians 

frhich We Guarantee Will Not 


Interfere with Their Use. Came 
Neatly Packed and Marked e 


YOU CAN EASILY MAKE 

Tclctcopat, Mainiflars. Photoaraphic Gadacii and 
Hundreds of Experiments with mesa low Cost Lenses 


To translate millimeter measurements* 25 4 mm 
equals one inch 


B MM MOVIE PROJECTING LENS SET — CbnsisU 
of 2 Achromatic Lenses, dlam 16 mm and a ff L 
srhen combined of approx one inch. Each lens has 
the new magnesium flurlde low reflection coating 

StMk #4011 S $1 40 Postpaid 


SPECIALS IN LENS SETS 


MISCELLANEOUS ITEMS 


Set #1 S ‘*0ur Advertising Special** — » 15 lenses for 
$1 6u Postpaid, plus 10<pmte Idea booklet For copying, 
ULTRA 0L0SB<'UP SHOTO. maorophotogriphy. expen* 


nental optica, magnifying and for maklnf a 
/Ifl Telephoto Lens, "DummyCamera^*, I 
lewer, nETACHAJILB BEFI^ VIEWFII 
1.S5 mm cameras, stereoscopic riewer, ground 


two power 

Kodaehrome 

VIEWFINWBR for 

stereoscopic riewer, ground glass and 

nlarglng focusing aids. TELESOOPES. low power Micro 
xipes m for many other uses 

.et #15 S — “The Cxperimentir’s Oriam” — 62 
ensts, Prisms and Optical Items, and New 50 Page 
ook, “Pun with Chipped Edge Lenses’* |16 00 Post- 
lid The variety of Lenses and Prisms In this set will 
table you to conduct countless experiments, build a 
^t variety of Optical Equipment A sensational buy 

iEW so PAGE IDEA BOOK "FUN 
VlTH CHIPPED EDGE LENSES" 

intalns wide variety of projeeta and fUlhr coverf. the 
urinating uses of all Lenses In sets llff 
only $1 00 Postpaid 


lifted above 


W OPTICAL GLASS An exceptional opportunity 
secure a large variety of Optical Pieces both Crown 
nd Flint glass (seconds) In varying stages of process- 
ling Many prism blanks 

Istock #703-8 8 ibt (minimum waight) $5 00 Postpaid 
ttock #702-8 l»/a lbs $100 Postpaid 

JfCLLNER EYE PIECE LENS Focal Ungth 1% 
liehes Diameter of eye lens 16 mm Diameter of fleld 
Ins 25 mm Eye achromat already cemented 
Rock #6l0g-S $100 Postpaid 


stock \o 

3006S 

3016-S 

2024-8 


1004 S 
3001 S 
503 S 

3021 S 
4009S 
4010 S 
2020 S 
3020 S 

523 S 
26-8 

1027 8 
624 S 

3022 S 
3036 S 

228 
704 8 

6002-S 

1003 8 

1028 8 


Item 

Porro Abbe Prism 
Pentagon Prism 

10 Pieces Circular A 1 Plate 
Glass (Diam 31 mm — for 
making Filter) 

2 reducing Lenses 
Lens Surface Prism 
No 1 gable Hair Lettering Brush 
Amid Roof Prism (8rd Grade) 
Heat Absorbing Glass 4** x 6** 
Heat Absorbing Glass 2** x 2** 

40 mm Neg Lens, Ooss Lines 
Right ^ngle Prism 48 mm wide 
(3rd grade) . . 

Six Threaded Metal Reticle Cells 
First Surface Aluminlaed Mirror, 
Diam 1^** . 

Perfect Plano-Convex Lens, Diam 
12 5 mms F L. 20 mms 
Neutral Kay Filter else 4%** x 

Round Wedge 66 mm Diam 
Roof Prism 80 degree 
face IH** wide 
Inclinometer — Aircraft type 
Lens (leaning Tissue, one ream 
(480 sheets) size 7%** x 11** 
Educational Set 1 blank and 1 
flnlahed Perro Prism (8rd grade) 
50 Power MicroscoM |^ns Set 
8 Power Mounted Magnlfler 
(Minimum order — $1 00) 


Price 

I 25 each 
75 each 

25 

120 

2.00 each 
100 dozen 
25 each 
35 each 
10 each 
25 each 

35 each 
25 

25 each 
30 each 
25 

5 00 each 

4 00 each 
25 each 

150 

25 set 
70 

35 each 


POLAROID Suitable for Experimentation. Conilat 
2 discs — 2^** diam Some Imperfections In gUas 
Stock #622 8 $1 00 Postiraid 

12-POWER COLOR CORRECTED MAGNIFIER SET — 

(onsbits of two 15 nun diam magnesium flurlde low 
reflection codted Achromatic Lenses and section of metal 
tubing for mount 

Stock #1029-8 81 50 Postpaid 

RETICLE SET Five assorted, finely engraved 

Reticles from U S Gunsigbts An unusual group 
Just like those assistlnx our gunners to train sights on 
Tokyo Worth several dollsrs each 
Stock #2035 8 . $1.00 Postpaid 

PORRO PRISM SET FROM ARMY’S 6 POWER BINOCU 
LAR (Consists of 2 Porro Prisms to make an 

erecting system for a Telescope 
Stock #3010$ . $2.00 Postpaid 

MAGNIFIER SET 5 Magnifying Lenses 

Powers from I to 10 Various diam for many uses 

Frte Booklet on Home-made magnlflers Included. 

Stock #1026-S , SZOO Postpaid 


COLOR FILTERS 

1 Red and 1 Yellow Filter In following Diam 
30 mm (seconds) 40c 45 5 mm. (seconds) 90c 

32 5 mm (seconds) 70c 31 mm (seconds) 7Bc 

37 mm (seconds) 70c 

(Minimum Order on Abovt— $100) 


ERFECT ACHROMATIC TELESCOPE OBJECTIVE 
EN8 Diam \% Inches. PL 20 Inches 

fiotk #6091 S $5 00 Postpaid 

LEANING BRUSH SET For Leosec, Optical 
Istrufflen^ ete. Perfect quality — 12 Inch 
lexible Piutic handle, hollow dreular const 
Inge from stiff to very soft 4 Brushee to set 


WAR SURPLUS ACHROMATIC 
LENSES 


TANK 

PERISCOPE 

CompUt, Sit MoiRtiS OinpMMti 

Rugged, strong, originally constructed for U 8 
Tank Oirps Consists of 2 fine Periscope MSrrors 
mounted in metal and plastic Only plywood body 
frame is required to flniab this exceptional Peri 
scope Flrat surface mirror is well protected by 
glass windows Set weighs SfL Iba Overall lengtti 
of mount OH", width SH** Would normally re- 
tail at $40 to $50 

Stock #700-8 . . $3 00 CompliU Set Postpaid 
TWO SETS (4 UNITS) SPECIAL $5 50 Postpaid 

OIDM BY SET OB STOCK MO. * SATISfACTIOM GUARAHTEEO 

WIDin SUVAGE COHPlUnr •MininKK.asn 


lock #504 8 (Reg. 6 00 vilw) 


Prtci $1 00 


ENS FOR KOOACHROME EYE-VIEWER 
Hor eorreeted cemented lens 41 mm diam , 06 
FL 


k # 6U6-8 


$3 00 postpaid 


Stock No 
6019-S 
6111 S 
6094$ 
6115-8 


Dla. 
in mms 

15 

16 
16 
46 


FL. 
In mms 
41 
86 
75 
108 


Price 
60c 
75c 

noo 
Eoo 

ise these Lenses for autklng Projecting Lenses, Low 

Power Microicope Objectives, eorreeted Magnlflers, substitute 
enlarging Lenses, Eye Piece Lenses, Macrophotogripby gsdgets, 
optical instruments, eto. 


(Tomments 

Cementert 

Cemcfited 

Cemented 

Cemented 
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diflBculties in getting under way 

4. Steering linkage has been re* 
designed to provide ease of handling 
and free rolling, and to make it pos- 
sible to negotiate sharp turns more 
safely. 

5. Greater rigidity is built into the 
chassis frame. At front apd rear, 
and all along the frame, reinforce- 
ments have been added to aid in the 
attachment of implements, and to 
absorb the loads of heavy draw-bar 
work 

6. Rear shock absorbers are 
mounted at an angle to provide a 
level floor. New and more com- 
fortable seats have been installed 

7. The gear shift lever is located 
on the steering column 

Additional features have been 
provided in the new Jeep, either 
as standard equipment or as acces- 
sories Among these are seven-inch 
headlights which meet all legal re- 
quirements, a tail gate which en- 
ables the vehicle to function effec- 
tively as a pick-up truck, an auto- 
matic windshield wiper, a large tool 
box, and front and rear tops 

Owners of the vehicle will be able 
to purchase a list of special acces- 
sories which widen the range of the 
Jeep’s usefulness, includmg snow 
plow and grader attachments, spray 
painting eqiupment, and others A 
belt-driven governor is available 
and can be installed wherever con- 
stant engine speed is required re- 
gardless of load Controlled from 
the instrument panel, the governor 
permits regulated engme speeds 
from 1000 to 2600 R P M in steps of 
200 RP.M 

By no means new, but increasing- 
ly effective for post-war use, is the 
four-wheel drive, never before 
available to civilians in a vehicle of 
the Jeep’s size and weight This fea- 
ture, which helped build a world- 
wide reputation for the military 
Jeep, promises to play an equally 
important part m hundreds of 



Builds fences in o jiffy Jeep cun 
carry posts, operote hole -drilling 
ougur, ond stretch wire ofterwords 


peace-time assigaiSents By spread- 
mg the Jeep’s^^Aive over four 
wheels, tremendous tractive power 
IS achieved and the vehicle becomes 
a glutton for tough terram It is 
particularly effective on uneven or 
loose soil, where vehicles driven 
from onfy one axle *frequently push 
their front wheels into the ground 
and stall On the Jeep, the front 
wheels do not push, they pull 

JOBS — ^The list of jobs which the 
post-war Jeep will do runs mto the 
hundreds Many of these already 
have been studied and tested, others 
will receive attention soon Some 
of the farm jobs include Operating 
a combine or binder, threshing 
wheat, baling straw, elevating 
gram, plantmg and cultivating, 
plowing, disking, dragging, hauling 
gram, hay, and livestock, mowmg 
and raking hay; operating a post- 
hole augur, sawmg wood; filling a 
silo. 

In addition the Jeep can success- 


fully Operate an electric li^t 
plant; mamtain utility lines; serve 
in mines; act as police patrol, deliver 
mail; move airplanes on fi^; skid 
logs; herd cattle; move yard freight; 
pump water; stretch fence wire; 
plow snow; service oil fields. 

The Jeep has successfully served 
as a mobile power unit for a mov- 
able air compressor and for effec- 
tive pavement breaking and street 
repMr. 

GAS CONSUMPTION— There has 
been much discussion about the 
Jeep’s gas consumption record Ex- 
tensive field tests have proved the 
post-war vehicle’s economy com- 
pared with other forms of tractive 
power On the highway, it will de- 
hver up to 18 xmles per gallon It 
IS also economical in belt pulley op- 
eration It IS well to remember that 
gasoline consumption is a matter of 
how eflicient the engme is, how 
heavy the load may be, the quahty 
of gasoline used, whether time saved 
is more to be valued than gasoline 
consumed, and whether the vehicle 
being tested is movmg over hard- 
surfaced roads or through mud, 
sand, or loamy soil 


^ m 9 

BUSINESS PLIGHTS 

In Private Planes 
Save Executives' Time 

How APPRECIABLE savmgs m time 
and money can be achieved through 
travel m privately operated aircraft 
has been shown by the Civil Aero- 
nautics Administration in connec- 
tion with its contract termination 
program On that assignment, more 
than $4500 m fares, subsistence, and 
salary time was saved by use of a 
Government- owned airplane. The 



Vgrtoflla iofp tows Hie corn hssking mochinc to crib Toking the tow null to the tree insteod of the tree to 

oed 1$ then pet to work operoHng the long power belt the sow mill The tow moonting folds into bock of cor 
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Talc* tha casa of John Smith, average American: 

For over three years now, he’s been bu3dng 
War Bonds through the Payroll Savings Plan. 
He’s been putting away a good chunk of his 
eammgs regularly— week m, week out. Forget- 
ting about it. 

Ha's accumulating money — maybe for the 
first time in his life. He’s buildmg up a reserve. 
He’s taking advantage of higher wages to put 
himself in a solid financial position. 

Now suppose everybody m the Payroll Plan— 
everybody who’s eammg more than he or she 
needs to hve on— does what John Smith is domg. 
In other words, suppose you multiply John Smith 
by 26 million. 


What do you gott 

Why— you get a whole coimtry that’s just like 
John Smith' A solid, strong, healthy, prosperous 
America where everybody can work and earn 
and hve m peace and comfort when this war is 
done. 

For a country can't help being, as a whole, just 
what its people are mdividually! 

If enough John Smiths are soimd — their coun- 
try’s got to be! 

The kind of future that America will have— 
that you and your family will have— is m your 
hands. 

Right now, you have a grip on a wonderful 
future. Don’t let loose of it for a second. 

Hang onto your War Bond* I 


£^ALLTHB BONPS VOU CAN... 
Keep ALL THE BONOS YOU BUY 

Scientific American 


This is an official U, S» Treasury advertisement’— prepared under auspices of Treasury Department and ^ar Advertising Counrd 
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value of an aircraft to business ex- 
ecutives was further demonstrated 
by the 83 percent time saving Ac- 
tual time spent traveling was less 
than 103 hours by air against more 
than 609 that would have been re- 
quired by rail 

The tnp was made by a CAA 
Contract Termination Board of four 
members, one of whom served as 
pilot They made 63 stops m 108 
days Best possible time by rail 
would have been 146 days, assuming 
trains would be scheduled exactly 
as needed Time saved by the Board 
was probably greater than would be 
the case m many business trips, 
however, because much of its busi- 
ness was conducted at airports It 
was also true that the trip was made 
during favorable flying weather — 
only twice in 108 days was the plane 
groimded because of weather 

The cost of operating the plane, 
including depreciation, was $886 47 
less than train fares would have 
been The time savmg of 152 man 
days represented $3626 72 in cash, 
on the basis of $17 86 average daily 
salary plus $6 00 per diem sub- 
sistence allowance 

EIGHT CHANNELS 

Now Used on One 

Radio Transmitter 

The successful use of an eight- 
channel system for transmission over 
a smgle radiotelegraph transmitter 
is announced by RCA Communica- 
tions, Inc The new system has been 
placed in operation between New 
York and London with extension 
channels to San Francisco 

Specially designed equipment op- 
eratmg on “time division multiplex 
telegraph’’ prmciples, permits hand- 
ling of 488 words per mmute inward 
and outwaid simultaneously, corre- 




Multiplex ditiributor for olQhl-choii* 

ntl tyttom, showing chonnel switch 

spondmg to eight channels each wa> 
with an individual channel speed oi 
61 words per mmute Four or two 
channels instead of eight can be used 
if desired All eight channels may be 
utihzed for two-way communication 
with one distant station. Alterna- 
tively, they may be set up m such a 
way that four channels with a total 
capacity of 244 words per minute can 
be operated m both directions simul- 
taneously between two different sta- 
tions 

The prmting mechanism accom- 
plishes the feat of making the circuit 
virtually error proof, despite its high 
speed. A warning bell rings when a 
mutilated character is transmitted 
and a Maltese cross marks the exact 
spot of the error, facilitating correc- 
tion In other words, no error can get 
through directly to the message 
blank The prmter, known as the 
RCA Seven Unit Prmter, is com- 
pletely automatic Each mcommg 
letter is comprised of three markmg 
(signal) impulsed, plus four spacing 
(no signal) impulses The name — 
seven umt — stems from this fact 

Although the new multiplex 
equipment is specifically designed to 
utilize the RCA Seven-Unit Prmter 
System, it is also able to handle 
other telegraphic signallmg codes In 


fact, a different signallmg code can 
be used if desired on each of the foui 
pairs of channels forming the eight 
channel total 

In spite of its speedy performance 
the appearance of the transmitting 
and receivmg equipment used is but 
slightly different from the conven- 
tional radiotelegraphy apparatus. 
One of the valuable features of the 
new system is the use of bells for 
signallmg, each channel usmg two of 
them. One rings only when an in- 
correct group of signal elements 
reaches the receiving printer, the 
other, of different pitch, is operated 
by means of a switch similar to a 



Making on adjustment on one of the 
control panels of the new multiplex 
rodio sending ond receiving system 


telephone dial, and with it the re- 
ceiving operator can pass a number 
of stock phrases for service instruc- 
tion to the other end of the circuit, 
thus saving channel time 

BETTER EYESIGHT 

Will be Sought by 

American Workers 

^A^AR PRODUCTION efficiency studies 
have disclosed that approximately 
one out of every three American 
workers has an uncorrected visual 
handicap, and as a result of these 
disclosures wide interest is develop- 
ing m industrial visual problems, 
according to M J Julian, president 
of the Better Vision Institute 

“War production has spotlighted 
the problems of inadequate seeing 
conditions in many factories, the ne- 
glect by workers of their visual 
shortcomings, and the adverse ef- 
fects of visual fatigue upon produc- 
tive efficiency,” says Mr Julian 
‘"The problem of better seeing for 
economic efficiency is being attacked 
in four general Sections 

“First, professional ophthalmic men 
are studymg visual needs of workers 
and are assisting m the formulation 



j^miching top« for meisogt tronsmission over eighf-chonitel rodio lyitem 
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of occupational eye care programs 
Seeing reqiurements of various jobs 
are bemg analyzed so that workers 
may time up their eyes for the 
most effective vision on their own 
particular jobs 

“Second, many mdustries are car- 
lymg on extensive educational pro- 
grams to bring about higher stand- 
ards of occupational eye care Ex- 
perience gamed durmg the war has 
demonstrated to employers that 
half-seeing workers are an economic 
liability to the productive process 

“Third, the public generally is ac- 
cepting higher visual standards as 
prerequisite to higher living stand- 
ards As a result workers m increas- 
ing numbers are takmg steps on 
their own mitiative to keep their 
eyes timed to high efficiency 

“Fourth, many industrial plants 
are makmg surveys of working con- 
ditions to improve ‘seeability ’ Light- 
ing of factories is being improved to 
provide greater comfort to the eyes 
of workers Machines are bemg 
painted to facihtate seemg by pleas- 
ing contrasts of color Efforts are 
being made to coordinate seemg 
skills of workers with jobs best 
suited to their particular visual 
qualifications ” 

MAGNETOCHEMISTRY 

is Revealing Many 

Unsuspected Facts 

N^agnetic studies, one tool of the 
chemist, are discovering new facts 
about catalysts, the w tally important 
“marrymg parsons” in many chem- 
ical reactions. Dr P W Selwood, 
associate professor of chemistry at 
Northwestern University, said in a 
recent address delivered before the 
American Chemical Society 

“Catalysts bring about or speed up 
chemical reactions without being 
affected themselves, but not much 
IS known yet about the fundamental 
way in which they operate,” Dr 
Selwood said 

“Magnetic studies are just begin- 
ning to reveal certain hitherto un- 
suspected facts such as the nature of 
the activation process in catalyst 
preparations, the effect of diffusion, 
and the physical and chemical state 
of the various elements present in 
commercial and laboratory types of 
catalysts ” 

“From the nature and degree of 
magnetic attraction or repulsion,” he 
explained, “it is possible to draw 
conclusions as to the structure of 
chemical compounds, the electrons 
in the molecules, the presence of 
impurities, and the mechanism of 
certain chemical and physical 
changes. 

“The magnetic method is espe- 
cially powerful in detecting minute 


traces of impurities, such as iron As 
little as one part of iron in 1,000,- 
000,000 parts of copper is easily de- 
tected This method is convenient in 
testmg and controUmg the purity of 
raw materials and products, such as 
glass sands, activated alumina, rare 
earth preparations, and many other 
types of highly usefi^ chemical sub- 
stances ” ** 

“The magnetic measuiements,” he 
continued, “are also useful in study- 
mg organic free radicals, and studies 
of this kmd may lead to a better 
understandmg of the way in which 
plastics are formed 
“Similarly, the chemical structure 
of hemoglobin and of other complex 


During 1945, nearly a hun- 
dred thousand Americans 
will lose their lives — viettms 
of homt’-front accidonti 
Three umes that many will suffer perma- 
nent disability. And the cause for many of 
these acadents will be faulty vision, or 
vision unsuited to its tasks 
You might never think of an eyesight 
examination as a matter of life and death 
But the things you do at work, at home, on 
the farm, or in traffic — the hazards of ev- 
eryday living — require efficient, alert eye- 
sight. Keen vision is safe vision, reduction 
of accidents is a matter of nanonal urgency 
The only way you can be sure about your 


compounds has been greatly ex- 
tended by magnetic measurements 
Some substances found m the ammal 
body contain rmnute traces of iron 
which IS, nevertheless, mdispensable 
for life Magnetic studies have shown 
how the iron is combined in these 
substances and, in some cases, have 
led to improved methods for study- 
ing blood chemistry 

“Magnetic measurements are also 
useful in powder metallurgy Powder 
metallurgy is the art of makmg metal 
objects, such as gears, bearings, et 
cetera, by compressing and heating 
finely powdered metals or mixtures 
of metals Recent studies have shown 
how the magnetic properties change 


vision IS to consult an ophthalmologist or 
optometrist for a complete visual analysis. 
If correction is called for, you can depend 
on the professional and technical skills of 
the optometrist or optioan to provide 
modern attracuve eyewear. 

Play safe — he sure your vsston ss right 
Bausch Lomb Opucal Co , Rochester 2, 
New York 

BAUSCH & LOMB 

ESTABLISHED 1853 




Makers of Optical Glass and a Complete Line of Optical Instruments for Military 
Use, EducattoUf Research, Industry, and Eyesight Correction and Conservation 



A Matter of Life and Death 
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dia-ing this process, and how they 
may be used to follow the rate at 
which the powder grams of one 
metal diffuse mto those of another ” 

GAS-DiESEL 

Can Show Groat Savings 

In Sewage Plant 

Oas diesel engmes could save at 
least $33,000 a year m the operation 
of Cleveland’s Southerly Sewage 
Treatment plant, a study of that 
plant’s operation has just levealed 
and this serves as an indication that 
many additional thousands of dollais 
could be saved in similar plants 
throughout the nation by the appli- 
cation of the new engineering pnn- 
ciple, according to Ralph L Boyer, 
Cooper- Bessemer chief engineer 

The new gas-Diesel engine could 
save money by providing power fa- 
cilities foi utilizing the maximum 
sewage gas output instead of the 
mmimum as now set up for units 
capable of using only gas for fuel, 
Mr Boyer says The new gas-Diesel 
development could also be used as a 
means of generatmg electricity for 
plant motor units on a self-sustain- 
ing basis 

Sewage plants now equipped with 
ordinary gas engines must necessar- 
ily provide for seasonal fluctuations 
of their sewage gas supply and, 
therefore, their engine installations 
operate on the basis of the minimum 
of gas production When the gas 
supply exceeds these mmimums, the 
surplus is frequently burned m the 
atmosphere 

By using the new gas-Diesel en- 
gine, the horsepowei could be based 


on the plant’s maximum capacity, 
with a standby fuel-oil supply avail- 
able for use durmg seasonal declines 
m the gas supply With the new 
gas-Diesel principle, it is possible to 
run on any percentage of gas avail- 
able by addmg fuel oil to supply any 
additional requirement Thus, an 
engine now can run on 80 percent 
gas and 20 percent oil, or any other 
similai combination of fuels 

RUBBER TRACKS 

Seen as Having 

Agricultural Advantages 

A POST-WAR “back to the farm 
movement” for rubber tracks of the 
type used on tanks. Weasels, half- 
tracks, and other bouncing land bat- 
tle-wagons is predicted by The B F 
Goodrich Company 

Originally designed for industrial 
and agricultural use — the first con- 
tinuous-band rubber track was ap- 
pLed to a farm tractor m 1931 — 
rubber tracks have “made rapid 
strides,” figuratively and literally, 
duiing the war The application of 
these new high-perfoi mance tracks 
to civilian vehicles is said to be a 
logical next step after the conflict 
ends 

The “sprinter” self-tiack-laying 
vehicles of this war are a far Cry 
fiom the lumbering, thundering, vi- 
brating tank treads of World War I 
They move at high speed without 
excessive vibration and travel over 
macadam or concrete roads without 
undue punishment either to them- 
selves or the paving and have sev- 
eral advantages over wheels for 
vehicles in “off-highway” use They 



A post-wor trock-foying farm troctor 


have a drawbar pull nearly twice as 
great as that of wheels and provide 
better and more uniform traction 
They make a broader area of groimd 
contact than do wheels, and thus 
have a greatly reduced shearing 
force per unit of ground contact 
Over “washboard surfaces” — for ex- 
ample, at a right angle to old corn 
lows — they provide a smoother ride, 
causing less fatigue to the opeiator 
Then substantially lighter pressuie 
pel unit of giound contact i educes 
soil packing 

TENT CLOTH 

Production-Treated With 
Synthetic Resins 

Continuous production of water-, 
file-, and mildew-proof duck for 
A I my tent cloth is made possible 
through the use of synthetic resins 
which were developed to meet war- 
cieated shortages of imported ma- 
terials These resins have made 
possible a duck that actually wears 
longer, demonstrates increased 
strength over a period of years, and 
resists weathering and fungi better 
than pre-war tent materials 
In the early stages of the war, 
mildew destroyed one fifth of all 
goods shipped to the South Pacific 
The wide range of weather and serv- 
ice conditions existing m the various 
theaters of war necessitated a ma- 
terial that would remain flexible at 
sub-zero temperatures, be complete- 
ly water- and weather-proof, and 
exhibit proper coloration and lasting 
color retention In addition, a re- 
placement had to be foimd for one 
of the basic materials normally used 
to treat tent cloth 
Already familiar with synthetic 
resins from earlier experience m 
making book cloth and artificial 
leather, the L E Carpenter Com- 
pany, with the co-operation of the 
Resinous Products and Chemical 
Company, devised a tent cloth coat- 
ing compound which met the exact- 
ing specifications of the Military 
Planning Division 
The coating compound serves two 
pnncipal functions First, by seal- 
ing the relatively open weave of the 
tent cloth it renders it water-proof, 



Goi-Diotal angints, used in sewage disposol plants, con be run on maximum 
tewoge gos supply, using fuel oil for stondby operotion when gas supply is low 
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Coming to Users of Gos-Powereii Equipment 

80% SAVINGS IN CLEANING TIME 
With Steam Rig Now the Army’s Standby 

An ecenomical tolufion to the problem of cleaning and de 
greasing trucks, passenger cars, tractors, locomotives, 
excavators, and the like will be available to garages, 
service stations, all users of oil burning equipment, as 
soon as war demands permit It is a more efficient steam 
cleaner now in use by the thousands in the Armed Forces 
NcMrt "heutekeeplng’* has too often been neglected by 
industry due to the costliness of hand labor But the best 
housekeepers in the World, the U S Army, Navy and 
Marine Corps, dare not neglect frequent and thorough 
cleaning of all equipment to safeguard against fire and 
malfunctioning, and to permit fast, certain inspection 
1 his cleaner, developed to meet their high standards 
removes grease, dirt and grit 5 times as fast as any other 
method It cleans by a balanced combination of heat 
detergent, water and friction It is t>pically "army in 
simplicity of design and operation, in ^0 minutes, the 
entire machine can be dismantled and completely cleaned 
Wortime uses of Wrigle>’s Spearmint Gum also point 
the way that industry may benefit when this quality 
product again becomes available It will agam be a 
help on the |ob in many ways Right now no Wrigley s 
Spearmint is being made as present conditions do not 
permit the manufacture of Wrigley s Spearmint in quan 
tity and quality sufficient for all But remember the 
Wrigley s Spearmint wrapper— it is a certificate of high 
est quality and flavor — and will always remain just that 

You cart get complete tnformatton from 
Clayton Manufacturtng Company^ Alhambra^ Caltf 


The Kemck Kleoner 



Remember this wrapper 


Z.74 


and, second, by acting as a binder 
and carrier for the flame-proofing 
and fungus-resisting agents, it pro- 
tects the duck against fire and de- 
terioration 

The manufacture of tent cloth 
coating consists m mixmg the dry in- 
gredients m a paddle mixer, followed 
by the addition of various liquid 
components and the plasticizer The 
mix, which at this pomt has a thick, 
VISCOUS consistency, is then ground 
m a large roller mill to insure com- 
plete pigment dispersion and a 
homogeneous mix From the roller 
mill, the mixture is passed to the 
blend tanks where solvent is added 
and finally pumped to the coating 
troughs The canvas cloth is passed 
through these coating tanks and a 
series of squeeze rollers at from 45 



After impregnation and drying, new 
tent cloth passes through steam 
rollers (ot top) and is ready for use 


to 60 yaids a minute After the im- 
pregnating process, the cloth speeds 
through a drying tunnel some 60 
feet in length which, incidentally, 
collects the vaporized solvent and 
returns it for further use On the 
off-end of the machines, a series of 
steam cans removes the last trace of 
solvent and flows out the resinous 
coatmg m order to maintain a maxi- 
mum sealing action 

GAS-TURBINE LOCOMOTIVE 

Declared Now Ready 

For Practical Use 

Oas-turbine locomotives now show 
sufficient merit to warrant serious 
consideration by forward-looking 
railroad engineers, Paul R Sidler, 
resident engmeer of Brown, Boveri 
and Company, Ltd , declared recent- 
ly in an addi ess before the American 
Society of Mechanical Engineers He 
described operating tests for a period 
of a year on the Swiss Federal 
Railways, which constitute the basis 
of development of the locomotive 


type that is nov^ offered to Ameri- 
can railroads 

“This year of regular service con- 
firmed the results of the earlier trial 
luns m regard to guaranteed per- 
formance,” he declared “All re- 
quirements have been fully met; no 
major disturbances of any kind have 
occurred Minor adjustments could 
always be completed during sched- 
uled waiting periods Therefore, the 
availability record is excellent The 
operating crews appreciate the sim- 
plicity of operation and the flexi- 
bility of the power plant” 

This type of railroad power, the 
speaker explained, is designed pri- 
marily for long, high-speed runs 
with few stops, making possible 


comparison with the large Diesel- 
electric locomotives used by many 
carriers The gas-turbine locomo- 
tive developed for American roads 
consists of a basic unit of 2500 horse- 
power which can be used smgly or 
may be coupled in units of 5000 to 
7500 horsepower 

Coupled to form a 7500 horse- 
power giant capable of speeds up to 
75 miles an hour, the gas-turbine 
locomotive and tender are 198 feet 
long and weigh slightly over 1,000,- 
000 pounds Fuel consumption at 
full load is 800 gallons of bunker C 
fuel oil an hour Starting is achieved 
by a Diesel-generator group, the 
entire process taking only about five 
minutes. 
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New Products 
«nd Processes 


SPLINED NUT 

Useful for Attaching 
Accessories 

8PLXMCD type Rivnut suitable for 
use in wood, plastics, leather, hard 
rubber, or other material where it is 
necessary to anchor a nut firmly for 
attaching accessories is announced by 
The B F Goodrich Company This type 
is an addition to the regular line of 
Rivnuts now being adapted for use in 
many fields, including aircraft, automo- 
tive, refrigeration, and electrical equip- 
ment 

In the new type, splines beneath the 
countersunk head supply resistance to 
torque, while the bulge or “upset” 
which forms below the end of the 
splines furnishes the tension re- 
sistance The splined Rivnut is thus 
locked into place two ways Internal 
threads left intact within the shank 
take an attachment screw for installa- 
tion of accessories 

FAST FINISHING 

Of Metal Parts by 
Use of Special Fixtures 

Two shop-made holding fixtures that 
provide power brushing with a new and 
effective means for fast output of prop- 
erly cleaned and deburred metal parts, 
were recently reported to The Osborn 
Manufacturing Company 
One IS a hand-made pair of forceps 
for holding tiny splines against a brush- 
ing wheel for removal of burrs and 
other surface irregularities The use of 



Two simple fixtures for power brush- 
ing Above. A pipe holds threaded 
studs Right* Forceps grip smoll parts 


different sized holding haads makes this 
idea applicable to various sizes and 
shapes of parts to be brushed 
Tlie other shop-born idea is for step* 
pmg up production in power-brushing 
threaded studs This holdmg fixture em- 
ploys a pipe placed at a level which 
enables it to employ gravity as an aid 
in the feeding. Opposing the gravity is 
a <imall side brush which extends 


through the pipe opposite the brushing 
wheel When the treaded stud reaches 
this opemng and comes in contact with 
the power brush, it also engages the 
small side brush Since the power brush 
rotates the threaded part, it follows the 
course of the threads from one end to 
the other and controls the time the part 
IS m contact with the brushing surface 

If the part bemg brushed is made of 
soft material, the pipe could be of plas- 
tics or other composition This would 
avoid damage to the external threads 
as they pass through 

RECTIFIERS 

Made of Selenium, 

Have Many Advantages 

P ROGRBSS m the development of seleni- 
um power rectifiers for converting al- 
ternating to direct cuirent on large air- 
craft is reported by A L Embry, 
design engineer of tungar and metallic 
rectifiers for General Electric 

Many of the large planes of the fu- 
ture will have auxiliary power gen- 
erated as A c but considerable amounts 
of DC power will still be required, 
Embry says. The selenium rectifier will, 
therefore, have a wide field of applica- 
tion, he states It has several advantages 
as a means of conversion It does not 
have the high voltage drop of an elec- 
tronic tube noi the moving parts and 
brushes of a rotating machine, it is 
simple, reliable, and easy to mamtain, 
for three-phase power mput it can be 
designed for 85 percent efficiency, 
weight of a complete unit, including 
transformer and voltage regulating 
equipment, compares favorably with 
that of a motor-generator set of the 
same ratmg 

According to Embry, selenium recti- 
fiers can be used with transformers to 
obtain any desired output voltage In- 
put may be single phase or polyphase 
The widest present application is for 
28 5-volt 0 c umts with three-phase 



input He says that for some applications 
where the DC. loa<i is substantially 
constant it may be practical to use 
selenium rectifiers without volts^e 
regulation Such rectifiers may be de- 
signed to operate directly ^m the 
AC line or with a suitable transformer 
to provide any desu*ed direct voltage. 

RESIN ADHESIVE 

A^ocfe Craze-Resistant 
For Wood Assemblies 

CRAZE-RESISTANT urea-formaldehyde 
resin adhesive that offers improved 
bonding for mtrlcate wooden parts 
where the application of high pressure 
to secure a uniformly thin, durable glue 



A plywood sheor specimen, with Uroc 
gliie line 05 inch, before ond after 
Note high percentoge of wood failure 


Ime has heretofore been extremely dif- 
ficult, has improved features for low- 
pressure wood assembly work in the 
aircraft, furniture, automobile, marine, 
woodworking (includmg lumber lami- 
nation for wooden structures and build- 
ings), sporting goods, and musical in- 
strument industries It greatly reduces 
the problem of crazing or fine cracking 
of the glue which causes deterioration 
of the glue lines 

Other advantages of the new adhesive, 
named Urac 183, over present craze- 
resistant adhesives, are stated by the 
American Cynamid Company to be (1) 
greater storage stability, (2) elimination 
of amylaceous fillers, (3) control of 
glue-line pH to values acceptable under 
U S and R C. A F specifications, (4) 
lower cost, and (5) provision of Hav- 
ener system for summer temperature 
use 

With Urac 183 in low-pressure bond- 
mg, glue line thickness up to 020 mches 
may be tolerated This is of particular 
value in low-pressure assembly gluing 
where complex shapes prohibit perfect 
joining and high pressures are noi ap- 
plicable to msure uniformly thin glue 
lines 

SENSITIZED PLYWOOD 

Makes Possible Highly 
Accurate Templates 

P HOTOGRAPmcALLY sensitized plywood 
has been put to work in the design and 
tooling rooms of a leading aircraft 
manufacturer Both interior and exte- 


110 


SCIfiNTIFIC AMERICAN 


AUGUST 1945 




rior (water-proof) types of plywoods 
from one eighth of an Inch to two 
inches in thtdcness are lued for wiring 
boards, templates, form blocks, instruc- 
tion boards, display photographs, and 
a multitude of other uses 

Douglas fir and maple plywoods are 
used most commonly and these are 
sensitized with a liquid-type photo- 
graphic emulsion directly on either the 
impainted or painted surfaces of the 
wood A preliminary coat of white 
paint improves the contrast and makes 
reading easier. Plywood templates are 
particularly advantageous in the pro- 
duction of new experimental models 
as they give accurate information and 
quickly are converted into assembly 
jigs by attaching maple blocks and fix- 
tures which are used to locate and 
hold the parts The process is described 
by an engmeer of the Boeing Aircraft 
Company as follows 

Liquid photo emulsion is applied to 
the surface of the plywood by using 
a pamt spray gun^ the interior of which 
has been chrome or silver-plated to 
prevent contamination from the brass 
parts in the gun Actual spraying is 
carried on in a standard spray booth 
which is located in a ruby-lighted 
room 

Plywood templates are reproduced 
with a huge photo template camera by 
projecting glass plate negatives, previ- 
ously made by photographing master 
layout drawings The master layouts 
are hand-drawn on large lacquered 
steel sheets When a draftsman has 
completed a layout it is photographed 
by the precision template camera at 
one-fifth the scale of the original draw- 
ing A glass negative is used so that 
there will be no shrinkage or distor- 
tion. 

After exposure, the glass negative 
is processed, dried, and placed back in 
the camera A projection light is moved 
into place and the image is projected 
on a sensitized sheet of plywood to the 
exact scale of the original drawmg 

SUPERCHARGING 

Now Used On 

Gas Engines 

Supercharging of gas engines and m- 
stantaneous conversion from the use 
of either oil or gas fuel is a new de- 
velopment announced by The Cooper- 
Bessemer Corporation The new de- 
velopment IS said to accomplish the 
following improvements 

1 In the oil field, it will make pos- 
sible use of supercharged engine of the 
gas-Diesel principle in the drilling of 
deeper wells which predominate today 
For example, at the beginning of a 
drilling project the operator could use 
oil as fuel in the absence of a ready 
supply of gas The engme could be 
converted instantly to gas while under 
full load 

2 In oil and gas pipelmes, in addition 
to affording greater economy m opera- 
tion, either gas or oil could be used for 
engine operation, depending upon 
availability of the supply and relative 
costs. 

3. In oil field central pumping plants, 
it shoidd be an important factor in in- 


creasing the economy and movability 
of these plants which are moved from 
one point to another as they complete 
their operations. 

4 Stationary power plants will profit 
from the new development through 
concentrating the greater horsepower 
of the supercharged engmes into less 
space than was necessary heretofore 
This materially reduces building and 
foundation costs, 

INTERFERENCE 

Reduced for Airplane and 

Automobile Radio Receivers 

Engine ignition static, the foremost in- 
terference in aircraft and automobile 
radios, can now be completely elimi- 


nated without reducing engine operat- 
ing efficiency, it is claimed, by means 
of a new-type ignition system invented 
by Victor Welge, an electronics exjiert 
for Consolidated Vultee Aircraft Cor- 
poration 

Previously, there was no satisfactory 
method of cutting out engine noises in 
aircraft radio sets and, consequently, 
aircraft radio communications were 
often difficult to understand Suppres- 
sors made automobile radios function 
with considerable clarity, but these 
units could not be used in airplanes 
because they reduced ignition efficiency 

Welge’s ignition system is simply a 
new method of wiring and shielding 
Its purpose is to confine radio-fre- 
quency disturbances to an engme by 
providing an isolatefd return path for 



Selecting milk botUei for 

shipment Overweight Sot- 
tles are refected because of 
shipping weights urif 

der~weight containers to 

avoid customer dissatisfac- _ _ 

tion — Lamb Qlnes Co Ohio 

An Ages Old Industry Goes Modern . . . 

GLASS is as old as history itself. Medieval artisans molded 
It with hare hands and skill alone. Colors, although not 
uniform, were rich and beautiful. With the coming of the 
industrial revolution, as m all things, silicate sand, soda ash 
and cullet were compounded by weight . • . color blending 
became uniform with the use of precision scales . . . engineers 
check’wetghed glassware at the Lehr, '*hot end” • . . glass 
container selection (illustrated above) became standard pro- 
ceedure at the ”coId end” No industry today depends so 
completely upon scales in production ... no industry through 
the ages has been so entirely changed in the making of a 
product than has the glass industry It has truly gone modern. 
EXACT WEIGHT Scales have played a vital part in every 
aspect of this revolution. 
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the sparking current which ignites 
gasoline in the engine cylinders Engi- 
neers repdrt that, besides eliminating 
the engine noises in aircraft radios, 
Welge’s Ignition system operates with 
unprecedented sparkmg efficiency 

LIGHTNING ARRESTER 

Has Strong and Transparent 

Plastics Cover 

Rare gas lightning arresters for fire 
alarm and telephone and telegraj^h 
circuits are now protected by housings 
of transparent Tenite plastics Molded 
in two halves, the housing fits around 
the cartridge and fastens by means of 
interlocking lugs produced in the mold 
The two metal ends of the cartridge 
are slipped on over the Tenite hous- 
ing 

In the presence of lightning or high- 
voltage circuits, the glow which indi- 
cates proper functioning of the ar- 



Tronsporcnt lightning orrestars 


raster is clearly visible through the 
plastics The electrodes are sealed in- 
side and kept free from atmospheric 
conditions, dirt, insects, and other 
maintenance problems 

BIGGEST TIRES 

Now Constructed from 
Synthetic Rubber 

Construction from synthetic rubber 
of the world’s largest tires, each with 
140 times as much rubber as the aver- 
age passenger car tire, was accom- 
plished recently Weighing more than 
most automobiles, the giant tires are 
used on earth-moving equipment 
needed in the construction of military 
airports and highways Because the 
tires must support the equivalent of 
up to 24 large truckloads of earth and 
ohen must operate m rocky areas, 
they must be particularly resistant to 
cutting, impacts, heat, and separation 
of plies These are the four worst ene- 
mies of synthetic rubber tires 

The Firestone Company solved the 
inipact problem by a special cord con- 
struction, the cutting problem by mix- 
ing new strengthening materials into 
the synthetic rubber, the heat problem 
by usmg rayon cord and an improved 
synthetic rubber compound, and the 
adhesioii problem by using a hair- 
thin layer of natural rubber between 
the plies or layers of the tires 

The great size of these tires is neces- 
sary so that they will not sink into 
mud when weighted down with their 


heavy loads. The largest earth-moving 
tire is 9^ feet high. 

This giant, cur^ in the world’s 
largest tire curing equipment, is more 
than three feet wide The area of it in 
contact with the ground at any one 
time is 1303 square inches — as large as 
a dining room table One of these tires 
contains three miles of piano wire, and 
its tread is more th||^ five inches thick 
The tire has 34 plies, in contrast to the 
four plies used in most automobile 
tires, and can carry a load of more than 
50,000 pounds 

LIQUID INSULATION 

Guards Electric Circuits 

Against Corrosion 

Created to provide lasting protection 
against moisture, ' weather, battery 
acids, and corrosion, a new liquid in- 
sulation can be easily applied with a 
blush or spray to any piece of elec- 
trical equipment Known as PiB, the 
insulation, when applied to a wet or 
drowned-out ignition system, will en- 
able the motor to start instantly, it is 
said 

When applied to the cable, posts, and 
top surface of a battery, PiB will stop 
the formation of corrosion and eliminate 
short circuits across the top of the bat- 
tery It IS also effective in water- 
proofing motors and transformers, gen- 
erators, or other electric circuits sub- 
ject to corrosion or condensation 

VISIBILITY 

Of Mobile Equipment 
Increased with Stripes 

Camouflage to conceal fighters and 
their equipment in battle zones has 
been raised to a leience, but in fac- 
tories the opposite of camouflage — visi- 
bility — is the much-desired goal and 
safety engineers are studying ways of 
protecting men and machines by re- 
vealmg their presence and movements 

The illustrations show a simple but 
effective method which safety engineers 
use for increasing visibility of mobile 
equipment by applymg contrastmg 
color combinations of stripes or bars 
In one, an El well -Parker fork truck 
is shown tiering bundles and boxes of 
carton paper in a Michigan plant, in 
the other, an Elwell-Parker crane is 
lifting a heavy load of steel bars m an 



Stripes iRCreose visibility 



Sofety-striped fork truck 


Ohio aircraft factory Although a stand- 
ard color for such equipment is a 
bright yellow, engineers in these plants 
have applied the stripes and bars to 
their fleets of these trucks as an addi- 
tional safety measure Luminous pamt 
has been suggested and applied m some 
instances to trucks used in dim light 
and hazy atmospheres 

GLASS HANGARS 

Shelter Warplanes 

At Advanced Bases 

Glass cloth, woven of glass fibei 
yarns and coated with synthetic rub- 
ber or resin, has been selected by the 
United States Army Corps of Engi- 
neers for curtains, side walls, and ends 
m newly developed airplane hangars 
installed at advance Army Air Forces 
bases Structural steel frame work 
and coated glass cloth are shipped to 
advance bases where the hangars are 
assembled for the AAJ' Use of coated 
glass fabric for sections of hangars 
saves a great amount of shipping weight 
and speeds assembly of the hangais 

Glass cloth, made by the Owens - 
Corning Fiberglas Corporation, was 
selected because of its resistance to the 
effects of mold and fungus, high 
strength in proportion to its light 
weight, and ease of handling to fit 
around plane fuselages Canvas duck, 
previously used, was subject to rot 
from tropical dampness and would not 
withstand fungus attack In Arctic 
regions, canvas would become semi- 
rigid due to tile extreme cold Glass 
cloth has good weathering properties 
and is not iiffected by tropical heat oi 
Arctic cold Coatings used on the 
glass cloth mclude neoprene and vinyl 
compounds 

PAINT ON ALUMINUM 

A^ade More Lasting by 

New Preparatory Method 

^^LUMiNUM and its alloys can now be 
quickly and economically prepared foi 
painting and lacquering with excellent 
adhesion and corrosion resistance 
qualities The application of this sur- 
face preparation can be done either 
in the shop as a hot immersion process, 
or, when in the field, by cold-spray, 
brush, or immersion The hot-immer- 
sion method consists of dipping the 
work for from three to 30 minutes in 
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a hot chemical solution, then rinsing 
and drying, after which it is ready for ^ 
painting or lacquermg 

The cold -spray, brush, or immersion 
method consists of applying a chemical 
solution (at room temperature), allow- 
ing from 15 seconds to one minute for 
setting, then rinsing the surfaces free 
of the applied solution The work is 
then dried and is ready for pamtmg or 
lacquering 

Both methods are reported to be ex- 
cellent for paint and lacquer adhesion, 
and in many cases may replace tlie 
sand-blasting or anodizing of alumi- 
num surfaces 

FM CONVERTERS 

Will Enable Older FM Sets 
To Tune In On New Bands 

T wo CONVERTERS developed by the 
Hallicrafters Company will permit the 
reception of FM stations in the pro- 
posed new band between 84 and 102 
megacycles on pre-war FM receivers 
built for the old band of 42 to 50 mega- 
cycles These converters were designed 
and built at the request of the Federal 
Communications Commission after a 
Hallicrafters’ representative had testi- 
fied before the Commission that such 
devices could be used to prevent 
obsolescence of pre-war sets in the 
event of a change of FM frequencies 

The single tube converter is designed 
for use in primary service areas where 
signal strength is high and the prin- 
cipal considerations are appearance and 
convemence It is small enough to go 



Ono-tube FM converter installed in 
a typical pre-war console radio set 


inside the cabinet of practically any 
FM receiver and will not mterfere m 
any way with normal operation A 
switch on the front panel of the re- 
ceiver permits the converter to be 
connected or disconnected and selects 
the two frequency ranges, 84-92 and 
93-102 megacycles All tuning is done 
with the regular receiver dial During 
the period when FM stations are be- 
mg changed over to the new fre- 
quencies, a receiver provided with this 
converter will be able to listen to sta- 
tions in both the new and old bands by 
merely switchmg the converter m or 
out 

The three ""tube converter, which in- 
cludes its own power supply, is in- 
tended for use where signal strength 
is low and high performance is the 
prime necessity This converter is 
equivalent to the first two tubes of 


a normal bioadcast leceiver designed 
for these frequencies and will give 
comparable peiformance It is piovided 
with its own tunmg dial When con- 
nected to a pre-war FM receiver, the 
receiver must be tuned to 42 mega- 
cycles and the stations m the new 
band tuned in on the conveitei 

PHOTOMETER 

Analyzes Metals by 

"Reading" Spectrograms 

electric device that analyzes the 
composition of metals by “reading” a 
photographic plate of the metals’ spec- 
tra, thus indicating the strength or 
resilience of alloys, is repoited by Gen- 
eral Electric Such analysis is of great 
value to engineers for telling them the 
maximum endurance of metals used m 
various kinds of equipment, and the 
process is considered an important step 
in the manufacture of a great deal of 
war material p 

Analysis of metals is made by the 
new device — called the transmission 


photometer — in combination with a 
spectrograph In the process the spec- 
tiograph takes a picture of the spec- 
tium of the metal, the lesulting image 
showing the wavelengths of the com- 
ponents arranged as a senes of Imes 
Measuiing the densities of these lines 
to determine the concentration of ma- 
teiidls in the metal is whcie the trans- 
mission photometer makes its con- 
ti ibution 

One of the newest and most impor- 
tant application of the transmission 
photometer is in analyzing the cemented 
tungsten carbide coie of a recently 
developed armoi -piercing projectile 
Function of the photometer m this 
pi ocess IS to make certain the cemented 
tungsten carbide considered the hard- 
est metal made by man, contains the 
propel propoition of components 

Since the aicas mvolvcd in reading 
a spe<-tiograph are extremely small 
and tne variations m density very 
minute, even the most careful and ex- 
perienced operators aie unable to read 
the plate density directly, a^ the trans- 
mission photometer does The photom- 
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eter reads the spectrographic plate by 
measuring the mtensity of the light 
transmitted through the plate In 
way It determines the concentration 
of materials m an alloy with great 
accuracy and much more quickly than 
was previously possible 

CONCRETE DRILLING 

Speeded by Use of 

Cemented Carbides 

Tmc THOUSANDS of conduit holes re- 
quired In concrete ships such as “float- 
ing ice-boxes” are now being drilled 
ten times faster than was previously 
possible This is made possible by a 
new type of masonry drill tipped with 
Carboloy cemented carbide Each con- 
crete ship requires some 4000 holes 
from 1 inch to 2% mches deep for 
electrical installations alone Total 
number of holes drilled per ship is 
much higher Ordinary star drills were 
employed at the start of the contract, 
but, in an effoit to speed drilling and 
save maintenance time, Carboloy drills 
proved so successful that they were 
adopted as standard 

Secret of the new masonry drill’s 
ability to cut holes through concrete 
faster than any other available tool 
lies in the blade inserted in the drill’s 
tip This blade is made of Carboloy 
cemented carbide, which is so hard 
(approaching the diamond in hard- 





HAtD CARSOLOY TIR 

t- 

Inserted tip drills concrete fast 

ness) that it easily cuts through con- 
crete, making possible the drilling of 
holes and doing away with the pro- 
longed hammering customary with 
regulation star drills 

PLUG GAGES 

Are Fitted with 
Plastics Handles 

Handles of sapphire plug gages are 
now made from hexagonal Tenite 
rod stock produced by contmuous ex- 
trusion Exceptionally light in weight, 
Tenite makes for a sensitive touch and 
fine gaging The plastics is low in 
thermal conductivity and does not 
readily transmit heat from the op- 
erator's hand to distort the accuracy 
of the gage Since both the Tenite and 
sapphire parts are non-magnetic, the 
gage may be used without interference 
near magnetic chucks and steel gaging 
members 



Tenite, a cellulose ocetote butyrote 
plostics, forms plug goge hondles 


Sapphire plug ^age handles are 
manufactured by cutting the hexagonal 
Tenite rod to the proper length, drill- 
ing, threading, and slotting the ends to 
receive the sapphire gaging members 
It is possible, because of the resilience 
and toughness of Tenite, to secure the 
sapphire parts to the handle by means 
of a split threaded bushing with lock- 
ing nut Lettermg and gage specifica- 
tions are engraved on the handle 

SUNLAMP 

Tans Quickly, 

Fits Ordinary Socket 

sui^LAMP manufactured by West- 
inghouse can be screwed into any 
regular light socket operatmg on 
standard alternating current 
Engineers claim that only five min- 
utes* exposure is required to mildly 
redden ^e imtanned skin of a person 
of average complexion who basks 24 
mches from the lamp To get an 
equivalent coloring one would have to 
sit under a July sun for 15 minutes 
Resembling the reflector fioodlamp 
used for show window lightmg, the 
streamline sunlamp emits both in- 
visible ultra-violet radiations of the 
type known as erythemal energy and 
infra-red rays, likewise invisible, 
which provide cozy warmth A spe- 
cial glass bulb IS employed to transmit 
the ultra-violet and infra-red rays as 
well as a flood of visible light rays 
The ultra-violet is generated by an 
electrical discharge through mercury 
vapor The infra-red is supplied by a 
tungsten filament inside ^e bulb — 
operating at incandescence — ^which 
doubles as a “ballast,” eliminating the 
need for the transformer 
Borrowing a principle from the 
sealed beam automobile headlamp, the 
rear half of the bulb mterior is coated 
with vaporized aluminum to provide 
a reflecting surface which insures a 
high ultra-violet output for the 275- 
watt lamp’s average life of 400 sun- 
baths 

NEW PEN 

Has Ball-Bearing Point, 

Uses V/SCOU5 Ink 

SING a miniature ball bearing as its 
writing contact and viscous ink, a 
new wntmg instrument which rolls 


the ink onto the surface dry, instead 
of inscribing it wet with a pen point, has 
just been annoimced 
The new pen operates on the prm- 
ciple of capillary attraction It writes 
with greater ease than the smoothest 
lead pencil, writes on cloth or paper 
subinerged m water or in an airplane 
at the ceiling of stratospheric air travel 
without leaking, writes on glossy 
paper, soft paper, blotting paper, or 
cloth without spreading The ink, being 
rolled onto the paper or other material, 
dries as soon as it meets the surface. 

Its mmiature ball bearmg writing 
contact will write m hair-lme or m 
bold and heavy strokes It is claimed 
that the pen cannot leak or drip and 
that mk cannot be shaken out of it 
The ink cartridge of the pen can be 
made large enough to contain at least 
a year’s supply — enough for 257 con- 
tinuous writing hours — and can be re- 
placed with another cartridge m 20 
seconds without stainmg the fingers 

POWDER-METALS PRESS 

Quickly Forms Wide Range 
Of Small Parts 

F OR high-speed production, up to 45 
strokes per mmute m automatic opera- 
tion on the usual run of work, and to 
operate also as a start-stop press m 
makmg parts with mserts, a new pow- 
der-metals press 18 of 12 tons capacity 
and of design similar to a model which 
has been m wide use for many years 
This press is recommended for mak- 
ing small machine parts such as gears, 
internally or externally splined bush- 
ings and ordnance components, carbide 
tool bits and drawing dies, carbon 
brushes, brushes with pig-tails and iron 
cores with threaded shafts molded in 
place, and many other similar parts 
As a start-stop press the operator 
simply places the msert m position and 
pushes a button, the press measures the 
charge m the usual manner, compresses 
the material around the insert, and 
ejects the finished piece, leaving the 
punch in the “up” position for the next 
cycle 


1 



High speed powder- mefolt press 
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The nxachine is cam operated, with 
ndependent cam control oi both upper 
ind lower pimch movements The die 
able is braced to take the full rated 
onnage of the machine, and pressures 
ipplied through the pimches may be 
iimultaneous or non-simultaneous An 
ndependent secondary lower punch 
applies pressure up to 2^ tons and may 
)e used as a fixed core rod The upper 
junch will stay out of the way durmg 
learly a third of the cycle, to facilitate 
ceding, and is timed to first descend 
•apidly and then slowly compress the 
natenal with controlled motion A 
DUilt-m hydraulic equalizer assures 
iniform pressure and more uniform 
iensity of each piece 
This press, which has a maximum die 
ill of four inches, is made by F J Stokes 
\^achme Company 

HAND TRUCK 

Upends Heavy Barrels 
With Ease and Safety 


BARREL upending truck manufac- 
tured by the Colson Corporation makes 
the handling of heavy barrels safe and 



One step in upending o barrel 


relatively effortless In operation, the 
truck places two hinged liftmg arms 
under the barrel so that when the 
operator places his foot on a step and 
pulls back on the handle, the hinged 
aims contact the barrel side in three 
successive steps while a fulcrum point 
slips under the load The barrel is thus 
lifted in easy stages until it is upright 
A slight forward push then sets the 
barrel safely on end 

ELECTRIC METERS 

Sealed to Withstand 
Temperature Extremes 

By building the mechanism of electrical 
indicatmg instruments into a protective 
cup-like frame, and then sealing the 
glass cover to the metal rim, positive 
hermetic sealing has been effected with 
a minimum number of seals There are 
no rubber gaskets or cement seals Tests 
have proved the effectiveness of the new 
type of sealing under severe tropical and 
freezing conditions The instruments, 
made by the Marion Electrical Instru- 
ment Company, can be immersed in 
boiling brine solution for weeks, or 
frozen to minus 40®, Fahrenheit, without 
deterioration of the seals. This sealing 


process was developed and perfected in 
co-operation with the engineers of the 
Coming Glass Company. 

The glass covers employed are of 
double thickness tempered glass, proc- 
essed for solder sealing, and are hi^y 
resistant to shock. Completely de- 
hydrated, the instruments are fill^ with 
diy air at sea-level pressure A newly 
designed crowned crya^l permits great- 
er scale length, redums shadows, and 
makes for better visibility Magnetic 
shieldmg makes possible mterchange- 
ability on any type of panel without 
affecting calibration 

CONVEYOR 

Offers Extreme Flexibility 

of Operation 

The development of an entirely new 
type of conveyor, designed to handle 
bulk materials in a horizontal run- 
around path, withm minimum head- 
room, is announced by Link-Belt Com- 
pany This “Sidekar-Karrier” provides 
conveyor storage for materials that are 
to be discharged simultaneously in 
varymg quantities at a number of 
pomts 

The conveyor u self-feeding from 
any one of many feed spouts which 
may be located above its horizontal 
run-around path of travel, and self- 
discharging to any number of points, 
thus permitting continuous automatic 
operation Any surplus material that is 
still left in the conveyor buckets after 
they have served the several discharge 



Bucket conveyor for bulk mottriols 


points will remam in the buckets, to 
be recirculated 

The design is such that two or more 
materials can be separately fed to the 
conveyor with the assurance that the 
admixture will not be disturbed m 
transit, and that it will be delivered to 
any predetermined discharge point in 
exactly the same mixed proportions as 
prevailed at the feed points The con- 
veyor spouts are self-cleamng 

FLOAT VALVE 

Utilizes Mechanism of 

Tire Valve Core 

F OR USES where a constant supply of 
fresh water must be maintained in 
pans or tanks, the new Simplex auto- 
matic water float valve fills a need for 
low cost, positive control of water level 
It IS designed for use by poultry men, 
stock men, pet fanciers, scientists, and 
experimenters, and for many house- 
hold applications 

The valve body is turned from dural 
stock, anodized to prevent corrosion 
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be created by Amphenol engineers 
Backed by years of sound engineering, thi 
"know-how'' of these Amphenol scientist 
IS unmatched in their parhcular field 
Enlarged Amphenol manufacturing 
facihhes make possible mass produchon oi 
standard and special designa 
Inquines regarding design am 
production will receive prompt 
careful and confidential consideration 
Depend upon Amphenol Quahty 


AMERICAN PHENOLIC CORPORATION 

Chiccyo 50, Dlinoia 
In Canada • Amphanol Umilad • Toronto 

U H F. Cobles and Connectors • Conduits • Fittings * Connectors (A-N., 
U H F , British) • Coble Assemblies • Radio Forts • Flostics'for Industry. 
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All Serious-Minded Production Men 

SHIULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contains a messaj^e of particular impor- 
tance to production men This is your 
opportunity to obtain a copv of this 
famous bo«k, which has been aescribed 
as a **turning p#int in the hves of liter- 
ally thousands of men”^ 

Although “Forging Ahead in Busi- 
ness’' has been distributed to more than 
3)000,000 men, today’s timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
tent more than three decades of sue- 
7essful experience in training men for 
eadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help m your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to tke business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
“Forging Ahead in Business’’ 

"In thirty mmutes this little book 

f ave me a clearer picture of my 
uuness future than Vve ever had 
before “ 

• • • and that represents the opinion of 


the Institute’s 400,000 subscribers, in- 
cluding 134fOOO production men! 

The booklet further explains how it 
is possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in “FORG- 
ING AHEAD IN BUSINESS ’’ are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, £ I du Pom de Nemours & Co. 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It docs not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual — the man with 
ambition and “drive” — “Forging Ahead 
in Business” has a'message of distinct 
importance. If you feel that it is in- 
tended for you, don’t hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


ALEXANDER 

HAMILTON 

INSTITUTE 


ilezander Hamiltoo Intdmte 

C>«tt 3), 71 Weft 23rd Street, New York 10,NewYocfc 
Co Canada, 54 Wellrngtoo Street, Weec, Toronto 1, Ont 
Pleaae soaii me, without coet, a copy of the 64-pege 
kook— “FORGING AHEAD IN BUSINBSS ” 


Name 
Firm Name 


Business Address 
Position 


Hoeae Address 



Inset Tire volve for water control 


under all conditions The valve mecha- 
nism itself IS an automobile inner tube 
valve core Since these are stocked at 
all gas stations, cores can be readily 
replaced when necessary The intake 
vent of the valve body is located above 
the settling line to prevent clogging 
In addition, when the valve is opened, 
the end of the valve core needle ex- 
tends slightly above the intake vent to 
dislodge scale or sediment 

FIRE-REPELLENT PAINT 

Reduces Hazard to 
Combustible Surfaces 

PAINT which protects wood and 
other materials against fire hazard, 
announced by the General Detroit 
Corporation, is endorsed by Under- 
writers’ Laboi atones and other leading 
testing bureaus for protection of inte- 
rioi combustible surfaces Known as 
Fi-Repel, the new paint is made for 
use in factories, warehouses, hangars, 
garages, schools, hospitals, hotels, 
homes, and wherever else fire protec- 
tion IS necessary It is shipped as a 
concentrated paste After dilution it 
can be applied with a brush or spray 
gun to the surface to be protected 
One concentrated gallon, at standard 
dilution, will cover as much as 185 
square feet with two coats Standaid 
coloi IS bonc-white, but tints may be 
easily added 


GRADE CROSSINGS 

Of Creosofed Wood 
Assembled m Factory 

F ACTORY- ASSEMBLED grade crossings of 
prcssure-creosoted wood, ready for 
quick installation, are a new prefabri- 
cated product for the railroads Com- 
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plete crossings are constructed of se- 
lect hardwood in panels about 2 by 8 
feet and 5Vb inches thick The timbers 
are machined to proper shape, pres- 
stire-treated with creosote against de- 
cay, and tightly assembled into iigid 
panels with spiral dowels which grip 
along their entire length This con- 
struction IS said by its designers, the 
Koppers Company, not to be affected 
by vibration, swelling, or shrinking of 
the wood and to distribute highway 
wheel loads over the panel 
Individual panels are light enough 
to be installed by hand They can be 
removed during track repairs and re- 
layed without being damaged For rails 
up to 110 pounds the panels are at- 
tached directly to existing ties For 
rails 112 pounds or heavier, shims are 
attached between the crossing panels 
and the ties Panels are attached to 
ties with lag screws 

PORTABLE LUBRICATION 

Unit Speeds Servicing of 

Industrial Machinery 

Designed to provide a complete, com- 
pact, portable lubrication department 
for industrial plants, that can transport 
and dispense a variety of grades oi types 
of lubricants, a new Lubrikart has just 
been announced by the Alemite division 
of the Stewart- Warner Corporation 
The new unit, mounted on five-mch 
ball -bearing casters, is only 21 inches 



Complete, portable lubrication unit 


wide It IS 31 inches long and 37^2 inches 
high Pushed like a perambulator, it is 
intended for one-man operation and is 
able to travel between rows of machines 
or elsewhere in a plant where space is 
limited 

The Lubrikart comes in two models, 
one of which carries two seven-gallon 
tanks equipped with low-pressure 
pumps and five and a half foot hose and 
non-drip nozzles for filling oil leseivoirs 
on machines or hydraulic systems, and 
for filling gear housings one seven- 
gallon tank with high-piessure pump 
for loading handguns, two one and 
three-quarter gallon tanks with oil 
transfer pumps for filling oil cans, six 
spout-type oil cans, and four lever-type 
handguns There is also space for waste, 
replacement fittings, small tools or other 
material 

The second model has, in addition to 
the foregoing equipment, a high-pres- 
sure, hand-operated grease pump which 
holds 30 pounds of lubricant and has a 
five and a half foot lubricant hose fitted 
with a hydraulic coupler This pump 


develops up to 7000 pounds of pressure 
per square inch, and can be lifted clear 
of the cart and carried to point of use, 
if desired All pumps, loaders and trans- 
fers are manually operated 

HIGH SPEED PRESS 

Molds Rubber Parts 
With Reduced Curing Time 

R UBBER IS now molded on a small 
high speed press by a new method 
utilizing an electronic heating device 
The method, which is said to effect a 
substantial reduction m curing time 
compared with conventional equipment, 
is an offspring of the Baldwin Loco- 
motive Works “Hyspeed” plunger mold- 
ing press for plastics, announced some 
time ago ^ \ 

The additional adl^tatlon of the press 
for rubber provides economy of op- 
eration and maintenance, according to 
its designers The press operates with 
a smaller nu nber of cavities than are 
used in the conventional rubber mold- 
ing presses Yet, due to its high speed, 
it can produce the same number of 
products as larger conventional presses 
Thus there is a savings in molds and 
maintenance, plus conservation of dies 
The new method is capable of mold- 
ing all kinds of mechanical rubber 
goods plumbers’ supplies, and other 
Items wheie cavity-molding is needed 
While this new method can be used 
without preheating the material, a still 
further increase in pioduction may be 
obtained by using electionic radio fre- 
quency heating where possible These 
radio ficqiiency gentiators were de- 
veloped by Westinghouse for use in 
conjunction with Baldwin’s new press 

FERTILIZER 

Made from Waste 
Of Plastics Plant 

OoNSTRucTioN of 8 iion-profit am- 
monium sulfate plant to transform in- 
dustrial acid waste into much needed 
fertilizer and designed to help reduce 
pollution of the Delaware River has 
lecently been announced by the Rohm 
and Haas Company 
The waste materials came from the 
manufacture of Plexiglas, a transparent 
plastics It was foreseen by research 


OOLO PIPE, CONDUIT 
lac TUBE BENOINC MACHINES 

15 SitM TypM Availabla 
A hw of our Moro Than 12,000 
Cutfomon 

iur«au of Shipc, Wath , D C ; Hoiiry J. 
KoImp Co , Coilf . Pocillc Eridgo Co , B o m lO" 
hom-HInaham Shlpycnrdc) Sfondord Oil €o.| 
E I Du Pont do NoBNOwre 
5 Co , Oonorol lloctrU 
Co ; Crono Co. 

Free printed matter on 
request 

AMERICAN PIPE iEND^ 

INO MACHINE CO , INC, 

World s Largest 
Manufacturers 
79 Pearl St Boston Mass 



RAMSDEN EYEPIECES 

UeslKned (or Astronomical Tele8cop<>« 

2" Focal Length P'l" Dla 
Each $7 60 Set of Four $38 00 

ACHROMA nC LENSES MIRRORS TO ORDXR 

TINSLEY LABORATORIES 
2113 Dwight Woy - BorkeUy 4, Californio 


Turn IDEAS Info DOLLARS 

SMALLER MFGRS 

It you have a meritorious product— and want 
to go national in sales- vou tan profitably 
use our experienced sales organization to 
handle your sales and distribution Fast ac- 
tion live representation — low selling costa 

INVENTORS . . 

If your invention has definite possibilities 
we will buy it outright or pay royalty or 
finance —or manufacture — or distribute Vast 
experience — excellent recpid of successful 
dealing 

YOU GET HONEST TREATMENT HERE 

Write for full information 

TECHTMANN INDUSTRIES, Ino. 

828 N Broodwoy — MilwcHika# 2, Wit 


tsR/OHri/mr., 

ALWAYS ...with Rechorgeable 
Flashlight Battery! 

Strong steady light from 
your flashlight is assured 
with General reihargcablL 
flashlight storage battery 
Great economy in use Can 
be rech irged several him 
dred times each charge 
giving scr> ICC equal to two 
ordimiry size D dry tells 
Write the General Detroit 
Corp Dept 8 E 2270 E 
Jefferson Detroit 7 






4,000 Parts Per 
Day with 
DI-ACRO Bender 

'Tncloeed is picture 
taken in our plsnt which 
proves the DI ACRO Bend 
er will do a reel production 
job We are tnaking 4,000 com- 
pleted parte per day, which is 
competitive to most 
Power Preeeee ” 

(Name on request ) 


Here le an example of **DIB LESS DUPLICATING” typical 
of a great variety of formed parts readily made with DI ACRO 
Precision Machinea — Benders, Brakes, Shears Picture shows 
the finished part formed to die preasion, including acute 
right angle bend Women operating DI ACRO UNITS 
maintain a high out put on production work 


^PronooiicMi •*OIE.AaC4IO- 




SEND FOR CATALOG 


O flEIL-IRlUin mFO.co. 


347 ilOHTH AVE f SOUTH, 
MINNEAfOllS IS, MINN 


AUGUST 1945 


SCIENTIFIC AMERICAN 


117 






(9 X 0432 X 74 I ^3 8^^245 x 0093 x 36> 


Wh«t about tho dodmal point? Placo it uuickly 
and accurataly with tho Docimalisor Pockat 
•ixo, in laathar eato, $2. 30t with axtra (mul 
tiplyinf and dividing) acaloi |3 Monoy-bacli 

guarantao 

GEORGE H MORSE 

927 28l«i Sf South Ariington, Vo 


PCHIR 

EYESIGHT? 
Try the New PIKE 
Electric Reader 

A boon for elderly peo- 
ple and others with poor 
eyesight Wonderful for 
doctors scientists and 
draftsmen 

Write lor free Information 
and details of this new in- 
vention that makes read- 
ing matter 3 times larger 

E. W PIKE & CO Ehzobeth, N J 


TRANSFER INITIALS 

To identify your property. 
They can be easily applied to 
Metal, Wood, Glass, China, 
Leather or painted surfaces. 

Any combination of 

18 

W R M««KSNNiY 

724 Commorciol Trust ildg • Fhllodolghio 2, Fo 

Enclose |1 00 cash or check for 18 as 

foHows ■ — — - - 1 ■ . - . — — 

tiame 

Addren - - 


chemists that Plexiglas would play an 
Important war role, particularly in the 
aircraft field Realizmg that the acid 
residue from this manufacture might 
become a factor m river pollution, a 
research program was instituted on the 
utilization of the residue, resultmg m 
the recovery plant now in operation 

A 3(K)-acre farm which adjoins the 
plant property was the testing ground 
for the fertilizer, and hundreds of tons 
of this material are now being shipped 
to fertilize other farms in Pennsylvania, 
Delaware, Maryland, and Virgmia 

Ammonia is the prmcipal ingredient 
needed to convert this waste mto fer- 
tilizer 

PYROMETER 

/s Encased in Plastics 

For Better Illumination 

Equipped with a re-designed plastics 
case, the new Cambridge surface py- 
rometer IS much easier to keep clean 
than the earlier metal -encased model 
and is corrosion free The plastics case 
also simplifies electrical insulation 
problems and makes possible mechani- 
cal improvement 

In the new model an unbreakable 
Lucite window replaces the usual glass 
pane and extends over the top of the 
instrument, enabling the scale to be 
better illuminated and permitting more 
accurate temperature reading These 
P5rrometers are widely used to meas- 
ure the temperatures of moving, still, 
flat, or curved surfaces in the rubber, 
plastics, paper, and metal working in- 
dustries 

RUBBER STENCIL 

Used in Stone Carving 

By Sandblast Method 

T HE WORK of inscribing names on 
headstones has been made easier by 
the development of a rubber sandblast 
stencil sheet Until a few years ago 
the only way to do the 30b was for a 
skilled workman to cut the inscription 
with hammer and chisel Then came 
the thought of stencils to make the 
work quicker and easier, but the dif- 
ficulty was in finding a material tough 
enough to remain firm and whole 



Sendblost sfong corving is mode simple 
by use of a removoble rubber stencil 



under the high-pressure blast of the 
sand. After much experimentation, 
rubber was found to be the best ma- 
terial 

Such a stencil was developed by The 
B F Goodrich Company It had to 
have many special properties Not only 
did it have to be tough enough to 
withstand the blast of the sand, but it 
had to cut easily so that the stenciled 
lettermg and designs would have 
smooth, sharp edges It also had to 
have an adhesive surface on one side 
to adhere to the stone Such adhesion 
had to be strong enough to hold tight 
and at the same time adhere lightly 
enough to strip cleanly away from the 
stone after the work was finished 

Before the war these stencil sheets 
were made of natural rubber Now 
they are made of S3mthetic that is sup- 
plied in rolls of 50 yards, 051 inches 
thick The stencils are being adapted 
to many other types of work 

MEGATHERM 

Has Detachable Oven 

Equipped with Window 

P ORTABLE and of compact design, a 
new Megatherm for high-frequency 
heating of a wide range of dielectric 
materials has been developed by the 



Dielectric heoter has oven on top 


Federal Telephone and Radio Corpo- 
ration Contamed m a modern stream- 
lined reinforced steel cabinet, stand- 
ing 42 inches high, this one kilowatt 
model occupies a floor space only 20 
by 24 inches, and is mounted on smooth- 
runnmg casters furnished with a spe- 
cial lock-down feature which secures 
the unit at any selected location The 
detachable work oven is situated at the 
top of the cabinet, and is equipped 
with an mside light and wmdow to 
permit the operator to view the work 
during the entire heating cycle. 

A foot-pedal switch opens the oven 
door, leaving the operator’s hands free 
to insert the work m the oven Applica- 
tion of power to the work is controlled 
by a simple single or double push- 
button located on either side of the 
cabmet Duration of the heating cycle 
is controlled by a fool-proof automatic 
timer, permitting operation by unskilled 
and non-technical personnel. 

The new Megatherm is suited for 
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the preheating of plastics preforms, as a 
basic unit for incorporation mto mold* 
ing presses or into special production 
set-ups 

SURPACER 

increases Production by 
High Belt Speed 

Easy to handle and light in weight, a 
new “streamlmed” surfacing machme is 
designed for durability, its high speed 
provides faster surfacing 

The uses for these portable surfacers 
are almost unlimited They are at work 
in metal and woodworking plants, pat- 
tern shops, mamtenance departments, 
assembly lines, schools, boat building 
industries, and are being used for re- 
moving paint and refinishing numerous 
items, saving hand labor and with a 



Light in weight for portability 


speed that eliminates the use of many 
hands 

A three quarter horsepower motor 
drives the belt at a speed of 1600 sur- 
face feet a minute Special features in- 
clude aluminum die cast frame, plas- 
tics handle, trigger switch in handle, 
and silent cham drive 

ROUGHNESS GAGE 

Aids in Uniform 

Surface Control 

T o MAKE industrial surface control 
easier, a kit of roughness standards 
has been prepared with 20 replicas of 
machined surfaces bound in a 65 -page 
educational text The samples of ma- 
chined surfaces were prepared by turn- 
ing, grinding, milling, honing, lapping 
and polishing They vary in roughness 
from 500 to 5 micro -inches Made under 
the trade name Surf-Chek, the repli- 
cas are molded mto a 5 by 7 inch 
plastics plate through the use of pre- 
cise die inserts 

This new method of determining sur- 
face roughness eliminates guess inter- 
pretation, conveys the engmeer’s spe- 
cific instructions to the machinist, and 
permits the making of rapid and effi- 
cient roughness comparisons without 
the need of special instruments 

CLAMP 

For Lifting Steel Plate 
Has Safety Feature 

An enthuely new clamp for lifting 
steel plate is now marketed under the 


name of Renfroe, by the Paul Henry 
Company The use of a cable sliding 
through rmgs or guides to actuate the 
grippmg cam is eliminated, which 
saves time required for inspection of 
cable Through the action of the grip- 
ping cam shackle, the work is gripped 



Com shackle insures firm grip 


mstantly and firmly the moment ten- 
sion IS applied to the lift by the crane, 
even though the body of the clamp 
IS in a horizontal position The op- 
erator, therefore, does not have to 
hold tension by means of a cable, and 
stand in a dangerous position until the 
clamp starts to lift the work In con- 
junction with the gripping cam, a 
swivel jaw is said to provide a deeper 
and more secure bite on the plate 
Swivel jaw and gripping cam, and all 
other working or stationary parts of 
the clamp are readily replaced 

RESISTANCE WELDING 

Reduces Air Drag 

On Planes in Flight 

An improvement in the method of 
fastening the skin of an airplane to its 
frame has greatly lessened the drag 
of air-flow over and around the plane 
Instead of rivets, resistance welding is 
employed as the connectmg medium, 
thus elimmatmg rivet heads The sur- 



Welding oirplone skin fa frome 


VOU INVINT^ 

Our FREE BOOK tells you what to* 
day's tnventtvo market wants — how to ■ 
put down, patent and sell your ideas ■ 

Scores of letters in our files attest to V 

the modern demand for inventions — 

our louR experience as H eg inter ed Pat 

ent \ttorncyn will help you Get our 

FREE BOOK, ‘How to Protect hi 

nance and Sell Your Invention " Also iHflfll 

special document free, “Invention Ret 

ord" on which to sketch and describe 

your invention Write today No obligation 

McMORROW & BERMAN 

Patent Attorneys 

175S Atlontic ild^ , Washington 4, D C 


*BUY MORk WAR BONDS* 


MICRO SWITCH 


la a snap-aotlnf, Bakellto housed Underwriton 
listed switch No larger than a man's thumb, 
yet rated at 10 amps 128 volts A 0 Over 60 
typos In stock from $1 00 to $4 00 




OpM or clottd circ $1 10 Open or closed circ $1 25 
D T $130 S.PDT $1.45 


ALNIOO Pocket Pieces 11/16* x 0/16* 


X ^ii* 

Itl* X H* Watch else GEAR BOX 
l50 f - - 


Borse Shoe Magnets 
z H* Watc 
I to 1 Ratio 


X V** 
pair $1 00 
’ pair $1 26 

3 for II 00 


8KINDKRVIKEN Transmitter Button with 
16 page Experiments Booklet $1 00 

Itk S 1^^ A O no volt Clock Motor 
3 revolutions per minute 13 00 


One ampere Mercury Switch 
long leads 364 


4 for $1 00 


BLAN, 64H Day Street, New York 7, N Y 


Sdenttfic Americim’s 
two telescope books 

AMATEUR TELESCOPE 
making and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals. Came the war. Him- 
dreds of new optical induttrice 
•prang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Staffs 

For their Workmen 

Why 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry’s offices 
in the nation. They ^’rate.” 

Amateur Telescope Making $4.00 
postpaid, domestic; foreign $4.55 
Amateur Telescope Making — Ad- 
vanced $5.00 domestic; foreign $5.35 
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Do you US* just yout thtt^ng mitid? II you 
do, you ttt misting 90 per cent of your 
possibtliucs Those occesionel hunches 
the urges of e vast sleeping force in your 
inner mind Leern to develop and direct it 
Push obstacles aside and master life with an 
energy you hove overlooked Send for FREE 
SEALED BOOK It tells how to obtain 
these teachings Address Scribe D B D 
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LUMINOUS 

STARS 

Moon 4 PleiiMtt 

For ceiling of your Den Bar 
Rumput Room or Bedroom 
Have your own Planetarium 

’ Thry hinr w fh outdoor realism ^FTER 
turninq off light 

r ummeti and Ready to Put I'p 

Onicf ^29^ 

C omplrtt trith Chart anti Dirrritum 

'STARS' • 12 200 BLIX STREET 
NORTH HOLLYWOOD CALIF 


REFUSE TO GROW 

BALD 


**OIVK YOUfI HAIII A CHANCK*' le tlieamaxing 
beMolibyJ W KINQ.So B on dandruff, baldnaea, 
thinning and ^rajdng hair. Much usalle tnforma 
♦^lon — Ohto Stale Medical Journal Bist luvtsi- 
mc«t — Science Education Debunks hair fids — 
Ecienti/ic American Scientific fail — Suiue 
Maga me Without corrimercul bui — learhmr 
Biologist Bot^kof a siiri list — Home 4crec Enor 
moua anantaiicc in 
Practical — isctence Sews letter 
Send only $2 00 today for poetpaid 
copy of tnte naw authentic Instruc 
tion on how to eeve your heir etn 
prInCIna Prompt refund if not helped 
TNB BRADNKB BUBLISHINQ CO (CST 1933) 
Dept. 73, KandaHSguare, Cambridge 42, Maea 



face IS left perfectly smooth, allowing 
unobstructed flow of air over the out- 
side surface of the craft Other impor- 
tant advantages accruing from the 
newer method are reported For ex- 
ample, fittings can be made smaller 
and lighter, because of the closer pitch 
permitted in spot welds 

STEEL SMOKE STACK 

Has Insulated Lining 

To Improve Draft 

^Dffering many advantages, a new 
“Durabilt** smoke stack consists of a 
hexagonal steel structure, adequately 
braced throughout its length to resist 
high wind load, shock, lightning, and 
earthquakes Horizontal and vertical 
members arc attached to the steel 
structure and these support anchor 
and tile-retaining castings Each tile 
forming the inner wall is individually 
retained The outei tile is supported 
by means of channels at definite spac- 



High efficiency insulated smoke stock 


INVENTORS 


NOW IS THE TIME TO 
PATENT YOim INVENTION 

Idtottfactureri every^rhere 
are buying patent rwhu 
BOW, 90 they wiU have 
new Items to make and 
sell for civilian consump* 
tion as soon as the war 
is over You should look 
ahead to the future, too. 

Protect your invention 
and yourself by aRplyi 
for a patent now. 

6ETFNEE««PATENT0UI0E^ 

Our free 48 page * ‘Patent Guide*' telli 
what details are necessary to apply t 
for a patent , and countless other facts ' 
you will want to know Mail coupon 
for Free “Patent Guide** and ‘‘Record 
of Invention** form today. 


CLARENCE A. OBRIEN 
HARVEY B JACOBSON 


I Rigisttred Patent Attomeyt i 

I 95-G Ada^ Bldg, Wasbrngton 4, D. C. • 
I Please send your 48 Page “Patent Guide** I 

( and J^ur ‘^Record of Invention** form ■ 
FREE ‘This request doea not obligate me. I 

I ^ame « « ^ 
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mgs Any section of tile may be inde- 
pendently removed without affecting 
the other 

Insulation fits snugly and securely 
between the tile and retainer castings, 
providing low radiation loss and help- 
ing to keep tempeiatures within the 
stack uniform, thereby increasing ef- 
ficiency by improving draft The outer 
casing of the stack can be of tile, sheet 
steel, Transite, or water-proof ma- 
terial Air space is provided between 
the insulation and outer tile through- 
out the stack Vents are located at 
bottom and top The Chicago Fire Brick 
Company is the manufacturer 

PHOTO DRYER 

Designed to Process 

Prints Speedily 

Now available is a photo dryer which 
operates with additional electrical heat- 
ing elements that assure maintenance 
of even heat It quickly dries matte or 
semi -matte prints or glossy prints as 
well as blue or black-and-white prints 
Thermostatic control may be had and 
variable speed drive motors and con- 
trollers pernut ^^instantaneous speed 
changes over a range of 6 inches to 
feet a minute 



Electrically heated phota print dryer 

A chromium plated copper drum that 
finishes photos with high glossy sur- 
face IS included Steel-clad, refractory 
insulated, nichrome heaters, nickel con- 
tacts, and asbestos insulated nickel 
wire are used, forming a long-lived 
heating and control unit The dryer, 
made by Peck and Harvey, comes in 
26 inch and 44 inch widths 

NEW PLASTICS 

Combined with Fabrics 

Make Strong Materials 

NFW family of liquid plastics has 
been developed by United States Rub- 
ber Company Known as Vibron resins, 
the new materials, when combined 
with spun glass or other fabrics, have 
a great strength Stronger building 
materials for prefabricated housing, 
stronger and lighter luggage, and 
lighter furniture impervious to damp- 
ness will, it IS claimed, be possible by 
the use of these plastics They will also 
permit reduced fabrication costs of 
numerous products because they do 
not require expensive and cumbersome 
equipment for tlieir manufacture 

These resins may be combined with 
fabrics to make an improved type of 
artificial leather, with wood veneer to 
form decorative structural panels, and 
with paper for packaging materials 
Decorative textiles may be treated 
to make shpcoveis or other upholstery 
fabrics 

ELECTRIC SHEAR 

Cuts Sheet Metal 

Accurately and Easily 

Light in weight and easy to operate, 
the Stanley No 214 portable electric 
shear cuts 14 gage hot rolled steel and 
other sheet materials in proportion 
First introduced for use in aircraft 
production, it has also proved its use- 
fulness in many manufacturing plants 
and metalworking shops where sheet 
steel, aluminum, and galvanized iron 
are fabricated 

The shear has a simple blade motion 
that feeds in the work so that little 



For quickly cutting sheet metnl 
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effort IS required by the operator to 
cut straight lines, curves, angles, and 
notches accurately and without dis- 
tortion of material Blades can be re- 
moved easily for re -sharpening and 
replaced quickly The duplex handle 
permits the operator to grip at a posi- 
tion most convenient for use 

POWER BRUSHES 

Remove Excess Stiver 

From Plated Watch Dials 

P OWER brushing as a means of re- 
movmg sliver from watch dials fol- 
lowing plating IS enabling manufac- 
turers to complete this operation in 
one sixth the time formerly required 
Reports received from a Los Angeles 
watch dial manufacturer indicate that 
the use of power brushing in this op- 
eration is enabling watchmakers to 
accomplish more quickly the task of 
removing the excess silver from the 
dial without defacing or removing 
metal from raised numbers or other de- 
sign figures 

Sand blasting, wire buff, or emery 



Excess silver on ploted watch diols 
IS removed with o power-brush set-up 


paper previously used occupied ap- 
proximately three minutes per dial, it 
IS reported The operation is now com- 
pleted in one half minute with power 
brushing 

The brush used, a product of the Os- 
bom Manufacturing Company, is eight 
inches in diameter with an inside di- 
ameter of 3 V 4 inches and Tampico 
fibre sections approximately 17/32-inch 
in thickness The dials are applied to 
the brush which is bench -mounted 
and operated by a one fourth horse- 
power motor The buff revolves through 
a mixture of pumice and water 

STAMPING DIES 

Made with New Bevel 
For High Strength 

K^adk from selected alloy tool steel, 
machined m such a manner as to utilize 
the “heart” of the steel where great 
strength is needed, and engraved with 
a new high-strength bevel, following 
the gram or flow of the steel, new 
stamping dies and roll dies are giving 
good results in hard service applications 

The roll die shown is for use in 
graduatmg scale bars used in the operat- 
ing mechanism of a precision machine 
By gearing with the slide carrymg the 
scale bar as it is marked, the graduation 
markings are directed to the precision 
position required The Acro-bevel die 
is so engravcxi as to withstand this gear- 
ing control 

The stamping dies shown are used m 



Roll die and stamping dies 

a press for full -depth sinking of the 
markings Points of weakness m ordi- 
nary engraving are reported to be over- 
come by the technical advancement of- 
fered by Acro-bevel In the case of a 
closed character or an unsupported part 
of an open character, for example, the 
new technique increases strength at 
that point to match the stress, thereby 
precluding premature breakage or wear 

CONDUCTIVE RUBBER 

Tested With 
Simple Equipment 

EASY method ^of determining 
whether any rubber V-belt, flat belt, 
hose, or other product is static conduc- 
tive has been developed by technicians 
of The B F Goodrich Company, which 
recommends that all ^static conductive 
i*ubber belts be tested for conductivity 
at regular intervals of at least once 
monthly 

Static conductive rubber belts have 
proved valuable in many phases of war 
work, particularly in operations where 
a static spark might set off a fire or 
explosion They also will have many 
other peace-time use^ mcluding those 
on washing machines and other house- 
hold appliances 

A simple assembly, using a five or six 
foot length of lamp cord with standard 
1 ubber socket plug, a two-watt neon 
bulb, two ordinary clamps or metal 
prongs, and two insulated handles can 
be readily constructed for the tests 
One of the wires of the cord is cut, 
the neon bulb connected in the circuit, 
the insulated handles installed near the 
end of each wire, and the prongs or 
clamps attached to the wires 
To make the test, part of the belt or 
other rubber product is moistened with 
water, leaving a dry section eight to 
twelve inches long between the mois- 
tened surfaces, the testing assembly is 
plugged mto any 110-volt alternating 
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Tasting conductiva rubber belts 


ENDORSED BY THE BEST 


Boyi 


ice 

CENTERINQ 

HEAD 


For moMurlne decllvltiea 
bends etc Eliminates 
ealculatlone — accurate 
easy to operate •— saves 
time and errors Obtain 
further details — or send 
for yours subject to re- 
turn and refund POST- 
PAID $15 00 

EASTERN RESEARCH 
& ENG CO 
39 Piarl St .Boston Matt 


3 




THE HENRY SYSTEM 
Of Finger Print 
Ciassification 
and 

Identification 

18 now in use by moft 
of the Police Departments in the 
United States It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments 

The only book based on the Henry 
System is Frederick Kuhne’s. 

**THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear 
Used by many governmental and 
industrial personnele departments 
and by the F.B 1 

$4.25 postpaid 

Ordtr From SCIENTIFia AMEmGAN 
24 Wost 40th Stroot, Now York 18, N. Y. 
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for Roftittcmco Purpetoo 

• GLAZED STEATITE CORE 

• SALT SPRAY TESTED 

• SHOCK. TESTED 


high 

temptraturi 
core wires, 
etc . . 

REQAN 


RADIANT HEATER 

(looks same as Resistor but 
for heating purposes) 

1700 ^ 

TECHTMANN 

INDUSTRIESinc 

Milwaukoo 2, Wie 



Tho Commorolal Calculator 

will quloklj solve any 
problem In multiplica- 
tion. division and pro- 
portion. It will give the 
interest on any prin- 
cipal at any rate for 
any time Olves per- 
centage of profit lose 
and overhead division 
of freight rates string 
discounts and wages by 
day week or month It 
also gives the number of 
days between any two 
dates and glvm the day 
of the week for any day Constructed to give 
at least 10 years service Diameter 5 Inches Sold 
under our euarantee “Your money back any 
time within 30 days if you are not satisfied" 

Price with Instructions, IS 00 
CIRCULARS FREE 

ailSM Slldfi RhIs es^ StMsrt, Fla. 

Elide Rule Hakere since 191$ 





WORIP'S lARfiEST MAKERS OF COUNTING DEVICES 





WARNER ELECTRIC CO , PERT C-84 
663 N Wells St, Chicago 10, III 


FREE Details Sample!] 


rajirrma?! .1 


, 663 N Wells St . Chicago 10, Dept C 84 

2 Oentlemen Send Free Sample and Details to 
I Wome 

I Address 


current line, and the clamps or prongs 
applied to the moistened surfaces, with 
the dry section m the middle If the 
bulb glows, the rubber product is a 
static conductor 

The belt or other article under test 
must be suspended m the air between 
the clampmg points, or rest on a non- 
conductmg table or other surface 

RIVET GUN 

Operates With One Hand to 
Install Blind Rivets 

Compact and light in weight, a new 
rivet gun, the G-35, is designed for in- 
stalling Cherry Blind Rivets m hard- 
to-get-at spots It is operated with one 
hand — installs the rivet from one side 
of the job, with a pulling force — and 
eliminates the necessity of a man on 
the other side of the rivet 
The G-35 has already proved its ease 


MATRARril Amwfgwr attrwnomRrt 

RUlIvtn tRlMceiiR makRTt 

mirrori tMt«d, figured and pancrontaed 
PROFESSIONAL SBRVIOS AND ADVICX 
AVAILABLB 

write ua about your taleaooplo needs and problema 
ASTRO TEIISCOFE CO. 

P O Box 136S, Olondolo 5, Coltf 

—SERVING THE W2SSTBRN STATES— 



One-hand rivet gun 

and flexibility of use in such indus- 
tries as aircraft, sheet metal, radio, 
marine, railroad, automotive, and fur- 
nltu^'e It installs blind rivets in sheet 
metal, plywood, rubber, plastics, and 
almost any soft or brittle material 

The gun is small, compact, flexible, 
measures only 11 V 2 inches in length, 
weighs approximately pounds, is 
well-balanced for easy one-hand op- 
eration The pulling head is notched so 
that it snaps onto or off the gun 
quickly and easily, allowing greater 
gun flexibility and quicker head inter- 
change for holding any standard 
Cherry Blind Rivet — alummum, copper, 
or steel 

PRESSURE SWITCH 

Cuts Electrical Circuits 
In Case of Fire 

ACCESSORY device recently designed 
for use with built-in carbon dioxide 
fire extinguishing systems assists in iso- 
lating the fire by automatically cutting 
off electrical circuits m fans, blowers, 
or other electrical equipment when the 
extmguishing system operates It is a 
self-contained, mercury contact-type 
switch suitable for applications which 
employ gas or air pressure 

The Kidde pressure switch is con- 
nected by a bleed pipe from the mam 
distribution line and is operated by the 
carbon dioxide in passmg through this 
distributing piping to the discharge 
nozzles The gas pressure actuates a 
plunger which trips the breaker arm 
of the switch, opening or closing the 
circuits desired. The device is avail- 
able for control of two, three, or four 
circuits, each of which may be wired 
for normally open or normally closed 
operation. The pressure switch is pro- 
vided with a manual reset to restore 
circuits to their original position after 
operation due to fire 


IS , 000 1077 

FORMULAS PAGES 
HOPKINS’ 
’’CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books ol 
formulas are being used daily. 

$5.50 postpaid (Domestic) 


SCIENTIFIC AMRUIICAN 
24 West 40Hi Street, Now York II, 
N. Y. 


MAGIC ELECTRIC WELDER 

110 volt AO-DO. welds brxses. solders, cuts 
All metAli emsy to use full directions Oom- 
plete with power unit, finme and metAllto are 
attachments, carbons, fiuxes, rods, mask Used 
by the Navy For professional or hobbyist 
Only $19 98 

MAGIC WELDER MEG CO 
239 Canal St D«pt PA 8 New York City 


JUST PUBLISHED! 

COMPLETELY NEW! 

The Chemical 
Formulary 

Vol VII 

H. B.nnttt, Editor-iii>0hl.f 
474 pages $6.10 postpaid 

Volume VII of THE CHEMICAL 
FORMULARY includes thousands of 
the best and most procticol formulas, 
compiled by outhorities and experts in 
each field of industry,, 

It IS on entirely new book, complete in 
every detoil Not one formula contained 
in the previous six volumes is repented 
in this book 

Volum* VII will he of spaciol assist- 
anco to roturning war vetorant wish 
ing to start small spaclaity bust- 
nassas Tha formulas for cosmotics, 

f iharmacouticois, polishas, cUonors, 
ubricants, adhasivas, inks, foods, 
and scoras of othar products ora 
particularly sultabia for such van* 
turas 

CONTENTS Adhesives Flavors and Bever- 
ages, Cosmetic and Drug Products Emul- 
sions and Colloids. Farm and Garden Spe- 
cialties Food products Inks and Marking 
Substances Skins — Leather and Fur Lubri- 
cants and Olla Materials of Construction 
Metals and Alloys, Paint Varnish Lacquer, 
and other Coatings Paper, Photography, 
Polishes Pyrotecl^cs and Explosives, Plas- 
tics, Resins, Rubber, Wax Soaps and Clean- 
ers, Textiles and Fibers, Trade Name Chemi- 
cals, Where to Buy Chemicals and Supplies 

Ordar from Soiontifi. Amorican 

24 Wm» 40ri, StrMt Nmw Ywfc IS, N Y 
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Cnrrtiit Bulittln 
Briefs 

Conducted by K. M. CANAVAN 


(Th« Editor will appr«ciat« it 
If you will mention Scientific 
American when writing for any 
of the publications listed below) 

The Influence of Modern Glihcs on 
THE Utilization of Wood is a 17- 
page booklet based on an address by 
W F Leicester, President, Casern Com- 
pany of America, which covers the 
technique of glumg of wood, plywood, 
lamination, modem glues, various 
resins, plywood tubes, using wood with 
other materials, and so on Request 
Bulletin SAA Casein Company of 
America, 350 Madison Avenue, New 
York 17, New York — Gratis 

The Dx-Acro System of Die-Less Du- 
pucATiNG is a 40-page booklet based 
on the latest models of precision ma- 
chmes for this work, including the use 
of Torrington roller bearmgs m all 
sizes of Di-Acro benders for mcreased 
capacity and ease of operation The 
universality of this system will allow 
the machines to be readily converted 
from war- to peace-time production 
0*NeiUIrwin Manufacturing Company, 
Minneapolis 15, Minnesota — Gratis 

What Makes a Grease is a 12-page 
pamphlet which deals in general 
terms with the qualities that should 
be inherent in an industrial grease, as 
well as those factors to be considered 
in selecting grease for a specific ap- 
plication Sun Oil Company, Industrial 
Products Department, Philadelphia, 
Pennsylvania — Gratis 

High-Voltage Test Equipment, Bul- 
letin F, IS based on information 
about several forms of high-voltage 
test equipment, also resistors which 
are available separately for use with 
suitable meters to permit measurements 
of potentials up to 200 kilovolts ShalU 
cross Manufacturing Company, Colling~ 
dale, Pennsylvania — Gratis 

Hyster Lift Trucks is a series of four 
catalogs based on the applications 
and mechanical specifications of a com- 
plete Ime of pneumatic-tire lift trucks, 
gasoline powered Hyster Company, 
Portland 8, Oregon — Gratis 

Z-Metal is a four-page folder giving 
interesting and practical information 
on Z-metal chain belts and their ap- 
plications One of the characteristics 
claimed is its remarkable resistance to 
corrosion Request Bulletin Number 
460 Chain Belt Company, Milwaukee 
4, Wisconsin — Gratis 

Safe Practices Around Circular Saws, 
Series B, is a set of six charts, each 
one containing an illustrated *‘Do” and 
“Don’t” to avoid injury from circular 
saws These charts are useful for em- 
ployee training, educational programs, 
mounting on bulletin boards, and re- 


production m safety trainmg manuals 
This is one m a series of 12 sets of In- 
dustrial Safety Charts Superintendent 
of Documents, Government Printing 
Offices, Washington 25, D C — Five 
cents. 

Wkeelco Electronic Controls is a 12- 
page catalog describing an electromc 
principle by which control is effected 
without contact between measurmg and 
control umis of an instrument Many 
Items supplied by the company are in- 
cluded in a convement, condensed 
listing Wheelco Instrument Company, 
Hamson and Peoria Streets, Chicago, 
Illinois — Gratis 

Oil Refining is a 32-page technical 
and economic study of the develop- 
ment of oil refining from an elementary 
physical operation a generation ago to 
its present scientific status as one of 
the major chemical industries The im- 
portance of petroleum as a raw mate- 
rial is emphasized Fluid-catalytic 
cracking, thermal cracking, suspensoid 
cracking, and other basic processes are 
described. The M W Kellogg Com- 
pany, 225 BrKjadway, New York 7, New 
York — Gratis 

Klem Kleaners is an eight-page folder 
based on a step-by-step procedure 
to acquamt personnel with cleaning, 
derusting, phosphotizing, soldering, and 
maintenance processes A layout chart 
of the concentrations of the cleaners 
for specific work and conditions is 
given Klem Chemical Works, 1500-18 
East Woodbndge Street, Detroit 7, 
Michigan — Gratis 

The Story or Music-At-Work is a 16- 
page brochure tracing the story of 
music at work from earliest times to 
the modem planned programs being 
used today The findings of government 
and college research mto the results of 
planned music m factories and plants 
are given Director of Sales Promotion, 
Executone, Inc , 415 Lexington Avenue, 
17, New York — Gratis 

Wire Recording is a booklet, written in 
question and answer style, which 
deals with the many possible uses for 
this economical way of recording 
sound Lear, Inc , Home Radio Sales 
Division, 230 East Ohio Street, Chicago 
11, Illinois — Gratis 

The Radial Arm Saw with the Ver- 
satile Elbow is a descriptive cir- 
cular announcmg a saw which permits 
cuttmg a greater number of miters per 
hour than is possible with other saws 
and an attachment that affords three 
drill speeds, including 10,000 R P M 
Red Star Products Inc , 3455 Vega Ave- 
nue, Cleveland 13, Ohio— Gratis 

Temperature Control Cabinets, Cata- 
log 325, is a 48-page bulletin con- 
taining descriptions and photographs 
of various Freas constant temperature 
control cabinets and general informa- 
tion pertaming to mechanical and grav- 
ity convection heat transfer Precision 
Scientific Company, 1760 North Spring- 
field Avenue, Chicago 47, Illinois — 
Gratis. 



Experimental and Model Work 

Fine InetrumenU mnd Fine Machinery 
Inventione Developed 
Special Tooli, Diet, Geer untting, Etc 

HENRY ZUHR, Ine., W Mnyettn St.« N Y. 1R, NX 
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CHANITB Self-Welding ELECTRICAL 
HBATING ELEMENT Rut GenecMM 
emount, inttnictiont enclosed $l Q§ 
pottpeid 

CHANITf SALBS COMPANY 
R14 SouHi Mnln Nit Worth 4, Texoi 
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PORRO PRISMS 

1%* X iS/ie* Orel Pace Manufactured by world- 
famous opticians for Army St Navy 8 x 50 binocu- 
lars Rejected for slightly chipped edges 
Outstanding Bargain! 

30< ea 4 for $1 00 postpaid 

No C O D — Remit with order 

HARRY ROSS 

Scientific and Laboratory ApparatuM 

70 W Broodway, N Y 7, N Y 


Cltctrlc Hitting Elements Now You Cm Repair Thtm 

USE NICHROCITE PASTE 



Simply overlap ends apply 
Nlchroclte Piutte and turn 
on current Used by large 
utility companies Trial 
order. II 00 4 os 13 60 
1 pound 18 00 

Armstrong Electric Mfg Co , 
Box 861 -S A, Minneopelit, Mtnn 



ARMY-NAVY BARGAINS 


Shot gun nipples 4 for |1 ft 

Flints assorted 10 for 1 H 

Eagle buttons, old style 6 for tS 

Cartridge belt, cal 30 double row 6f 

Leather belt black, bar buckle 71 

Watering bridle, bit and reins black 1 01 

Krag rear sight Model *92 1 fO 

Harness shackles 2*^ x 1 inch 10 for 1 M 


1940 catalog 308 pages for |l Circular for 34 stamp 
FRANCIS BANNERMAN SONS. Ml B*dway. N T 18 


INVIirrOIS. Dr Ntl Diliy. 

In order to PROTECT your Invention and rtM 
the reward that should be yours, PATENT 
your invention without delay, and at the aamt 
time have RIGHTS to sell when Manufacturer! 
convert to Civilian Production Write tor 
information TO-DAY 


25 


RANDOLFH A BIAViRS 
Colwmblon BWg, Woihington, D. C 


AUGUST 1945 


SCIENTIFIC AMERICAN 


123 





ON TECHNICAL BOOKS 

Quanttttes Limited 
Order Now 


TiiU 


Author 


Origmal 
Pnco NOW 


Scattering of Light and the Raman Effect 

Bh«gavjinc«m 

$4 75 

$2 50 

Hair Dyes Bc Hair Dyeing 

R«dgrovc 

5 00 

2 50 

White Shoe Dressings and Cleaners 


W D John 

1 75 

1 00 

Chromoaomet 

White 

1 50 

1 00 

Chemical Species 

Timmermen* 

4 00 

2 00 

Private Generating Plant 

Proton 

2 50 

1 75 

Roof Construction dC Repair 

Molloy 

2 50 

1 75 

Substitutee 

H Bennett 

4 00 

2 50 

Tin Solders 

Nightinffele 8C 
Hudson 

2 75 

1 50 


Wireless Coils, Chokes dC Transformers 

Camm 2 50 1 75 

Manual of Endocrine Therapy 


3 25 


200 


2 00 1 00 

2 75 1 75 

2 50 1 75 


2 50 
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Cm berg 

Milling Practice 

Molloy 

Tropical Fruits 

Sukh Oval 

Welding 6C Metal Cutting 
Molloy 

Firepumps SC Hydraulics 

Potts 8c Harnss 

Handbook of Mica 

Chowdhury 

Stromberg Injection Carburetor 

Fishar 2 50 1 7 

Glue and Gelatin 

Smith 3 73 

Reinforced Concrete Construction 

Cantall 3 00 1 5 

Elementary Mathematics for Engineers 

Flaming 2 50 1 5 

Press Tools 

Molloy 2 50 1 7 

Jigs* Tools dC Fixtures 

Gatas 4 00 2 0 

Methods dC Analysis of Coal dC Coke 

1 50 10 

Aviation Instrument Manual 


Wiring Circuits 

Stuart 


6 00 3 00 


2 50 


5 00 3 0< 
2 50 1 5< 


Modern Oil Engine Practice 

E Molloy 5 00 3 0< 

Aircrew’s Book of Practical Mathematics 

Robinson and 

Allan I 50 1 Oi 

Superhet Manual 


Camm 

2 50 

1 25 

Automatics in Engineering Production 

Molloy 

2 50 

1 25 

Meteorological Glossary 

3 00 

2 00 

Experimental Physics 



Bellamy 

3 75 

2 25 

Rubber and Its Use 



Fiaher 

2 25 

1 50 


(To abova pricas add 10 cants domastic postas 
lor aach book For foraign postaga add 35 cant 
lor aach book ) 
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Our Book Corner 

THE BOOK DEPARTMENT of Sciantiftc Amancan it conducted, with the co 
operation of the Editors, to moke available for you a compreheniive book 
service Eoch month the Editors select and review in these columns new books 
in a wide range of scientific and technical fields In addition, they are ready 
at all times to advise you regarding the best available books on any sub|ect 
You are invited to use this service freely Tell our Book Department what 
kind of books you want, and you will be furnished with the names of available 
books, including prices When Inquiring about books, please be specific, 
remember that we can be of the greatest help only when you tell us just what 
you are looking for Books listed in these columns may be ordered from our 
Book Department Add 25 cents per book for mailing outside U S All re 
mittances are to be made in U S funds Prices given are sub|ect to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, located In 
the United States, or men in the Navy, Marines, or Coast Guard, located any 
where, will be delivered, insurance fees should be sent with orders, as follows 
To $5 in value, Zf additional; from $5 to $25, 10<, from $25 to $50, 15^ 


THE COMING AGE OF ROCKET 
POWER 

By G Edward Pendray 

O NE of the early pioneers in rocketry, 
Mr Pendray is also a member of 
that devoted gioup — the American 
Rocket Society — which has done so 
much to increase our knowledge of the 
subject These experimenters have car- 
ried on with small funds, at consider- 
able personal danger, and with exposure 
to the ridicule that so often attends the 
efforts of experimenters in a new field 
The author of this book, an experienced 
and graphic writer, has given a splen- 
didly accurate but non- technical ac- 
count of the fundamental prmciples of 
rocketry He deals with its many ap- 
plications in ordnance, in gliders, in 
meteorological sounding, and in rocket- 
launching ships which are an indis- 
pensable part of our Pacific operations 
Looking into the future, he visualizes 
rockets for carrying trans-oceanic mail 
and, perhaps, voyages to the moon The 
facts are imaginatively yet carefully 
considered Rocket piopulsion undoubt- 
edly has a great future, in both war and 
peace, and the present book can be 
recommended as one which answers 
many of the pertment questions so con- 
stantly asked today (244 pages, by 
9 inches, a number of drawings and a 
group of photographs) — $3 60 postpaid 
— AK 

SHALL WE SCRAP OUR 
MERCHANT MARINE? 

By A D Rafhbone, IV 

I N AN easy, readable style, this author 
discusses the rise and fall of the 
great maritime powers of history Be- 
ginning with the ancient Phoenicians, 
he carries us down through the ages, 
showing that these great nations held 
then supremacy in tiade and wealth 
only so long as they maintained an 
adequate fighting navy to complement 
their merchant marine He also points 
out that a victorious navy is dependent 
upon an adequate merchant marme to 
back It up Citing examples in our own 
history to prove his thesis, he outlines 


the efforts of both the French and the 
British, especially the latter, to snuff 
out oui merchant marine This is a 
timely book, an mvaluable book Every 
library should have a copy for all to 
read To every thinking American busi- 
ness man or industrialists it is a “must 
(397 pages, by 8V^ inches, unillus- 
trated ) — $3 10 postpaid — W D A 

SPLICING WIRE AND FIBER 
ROPE 

By Raoul Graumonf and John Hensel 

H itherto an esoteiic art known chief- 
ly by expenenced riggers, the splic- 
ing of wire rope can now be learned 
with relative ease by studying this ex- 
cellent book The growing use of wire 
rope in factories, oil fields, and ship- 
yards, as well as in the haulage indus- 
tries, makes a knowledge of wire splic- 
ing a valuable asset to men earning 
their living in these fields The book de- 
scribes and illustiates the entire range 
of wire and rope splicing and it con- 
tains many types of splices that have 
never before appeared in print It 
would be a valuable asset to any in- 
dustrial or technical library (128 
pages, by 10 inches, lavishly il- 

lustrated, mdexed ) — $2 10 postpaid 

SCIENCE IN PROGRESS 
FOURTH SERIES 

Edited by George A Baitsell 

M ade by the investigators themselve'^ 
here is a series of fascinating 
and informative leports on the latest 
developments in the nation’s labora- 
tories The best scientific brains of the 
nation, many of whom are engaged in 
war work or on tap for consultation 
by the government, have contributed 
chapters, describing their work in pure 
science and how it is linked up both 
to the advances in daily living and the 
business of winning wars Three sec- 
tions of the book are the records of 
war research These are “Psychologi- 
cal Aspects of Aviation,” by Walter R 
Miles, “The Physical Structure and 
Biological Action of Nerve Cells,” by 
Detlev W Bronk, and “Blood and 
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The Editors Recommend 


Blood Derivatives” by E J Cohn This 
book IS a must for the serious student 
of science (331 pages, 6 by 9 inches, 
many illustrations, index ) — $3 10 post- 
paid — J C 

AVIATION RADIO 

By Henry W Roberts 

I N AN introduction written by Dr Lee 
de Forest, that grand old man of 
the vacuum tube, the statement is 
made that the author “goes into de- 
tails of absorbing interest, items which 
his long personal experience has espe- 
cially fitted him to outline and discuss ” 
Covering the entire field of aviation 
radio, by which the airplane has been 
given eyes, ears, and voice, the text 
IS divided into five parts Understand- 
ing Aviation Radio, Primary Radio 
Facilities, Advanced Radio Facilities, 
Radio Navigation, and Aviation Radio 
Apparatus Fundamental principles are 
dealth with clearly and concisely, fur- 
nishing adequate background for de- 
tailed study of equipment The coming 
of peace will bring tremendous expan- 
sion in aviation radio, and this book 
will serve as a text for those who want 
to make it their life’s work (637 pages, 

6 by 9 mches, over 465 illustrations, 
five appendices ) -$5 10 postpaid — 
APP 

EBULLIOMETRIC 

MEASUREMENTS 

By W Swtefoslawski 

D esigned to make available to physi- 
co-chemical reseaichers, teachers, 
and students a comprehensive descrip- 
tion of the ebulliometi ic method for 
measuring the boiling and the con- 
densation tempeiatures of liquids and 
solutions this book ably achieves its 
purpose These measurements have 
found large application in ascertaining 
the degree of purity of liquid sub- 
stances, in examining the azeotropy of 
binary and ternary rnixtuies, in mole- 
cular weight work, and many other 
laboratory tasks (228 pages 6 by 9V2 
inches, charts, dnerarns, and index) — 
$4 10 postpaid — J C 

PLASTIC MOLDING AND 
PLANT MANAGEMENT 

By D A Dearie 

T echniques of compression and injec- 
tion molding, including full discus- 
sion of die design, costs, and suitability 
of material and methods, are here given 
full attention in simple clear language 
In addition, the author presents prac- 
tical solutions to a number of product 
and managerial problems in the plastics 
industry (196 pages, 6 by 9 inches, a 
number of illustrations) — $3 60 post- 
paid — A PJ* 

THE OFFICIAL GUIDE 
TO THE ARMY AIR FORCES 

D escribed on the title page as “a di- 
rectory, an almanac, and a chron- 
icle of achievement” of the Anny Air 
Forces, this rich and handsome book, 
studded with scores of striking full 


PROCEIIURES IN EXPERIMENTAL PHYSICS — 
By John Strong^ Ph D A wi*ahh ol uaeful data of 
a practical kind (or the constructor, experimenter, 
and skilled tra(t*maii f 6 80 

HIGH FREQUENCY INDUCTION HEATING — 
By frank If i urtl$ Answers many questions cun 
ceming induction heating and its utility in industrial 
processes Thoroughly practical in scope 85 

MANUAL OF LABORATORY GI ASS-BLOWING 
By R II Wright A practical bouk containing 
latest information on the fundamental operations 
of glass blowing, both elementary and advanced 
90 pages, illustrated 82 60 

TOOL MAKING — By C M Cola Instructions for 
making and using all kinds (rum personal tools to 
arbor presses, lathes, planers etc , in different 
metals 85 60 

TECHNIQUE OF PLYWOOD — By Charlat B 

Norria Technical information on all phases of ply 
wood manufacture and uae, compiled for engineers, 
designers, and users of plywood Important to 
many phases of wartime housing and manufacturing 
problems 82 50 

OPTICAL WORKSHOP PRINCIPLES — By Col 
i harlaa Davr Wartime translation of a French 
work on precision shop optics with heavy emphasis 
on actual handiwork Covers glass abrasives cements, 
mechanioal theory of working optn ul surfaces sur 
facing tests centering and so on 86 lO 

HANDBOOK Oir CHEMISTRk AND PHYSICS — 

A classic reference book recently revised and brought 
up to date to keep pace with rectnt research In 
eludes material on alt branchrs of chemistry, physics, 
and allied sciences Used in laboratories and by 
engineers throiiglioiit the couiilrv Flexible binding 
2571 pages 8A lO Fortlgu 8 1 50 postpaid 

ATOMIC ARTIIIFRY — By John Kalloch 
Robertaon Electrons protons positrons photons 
neutrons and cosmic rays all described for the 
layman in plain language Also transmutation of the 
eleiiieiita and tlu manufMiiiii of artiiu lal radio 
activity 82 35 

EXPERIMENTAL SPECTROSf OP\ — By Ralph 
A Sawyar Covers theory and tvpes of spectroscopes 
and spectrographs, mounting and use of gratings 
determination of wavelengths infra red spectroscopy, 
spectrochemiral analysis, and so on boiuewhat 
elementary but requires knowledge of physics and 
some physical optKs 85 10 

EXPERIMENTAL ELECTRONU S — By Ralph 
U Mullar, R L Garanant and M E Drom 

A solid book of eminently practical information on 
the characteristics and non communication applica 
tions of idectron tubes The text ilisiribes expert 
ments and presents results For students radio 
engineers communications experts, and the aerioua 
general reader 84^ 75 

PRIhM AND lENS MAKING — By F Twyman 
A wide vaiiety of notes based upon a long lifetime 
of practical optical shop wotk Nut a full step by 
step inanual but a valuable working aid to the ad 
van cd telescope maker and others in optical work 
While the text deala ostensibly with professional 
quantity production much of it is basically applic 
able to single piece work 84 60 

PLASTICS — By J H Duhoia Revised enlarge d 
eilitiou of an important work on the whole gen 
eral subject of plastics plus much new material 
on syiithettc rubber manufacturing processes and 
plastics moldings 83 85 


Best Sellers 
In Science 


A PRACTICAL COl'RSF IN HOROI OGY — By 
Harold { haily I)« finite outright, piactical In 
structions on watch inakinj, icjiaim and adjustment 

82 85 

SLIDE RULE SIMPLIFIED — By C O Harria 
How to use a slide rule without any of the mystlh 
ration that often surrounds tins important tool of the 
engineer Excellent illustration make everything 
(bar 83 60 including a xlidc lult, for book mlonr 

82 60 

THF EIFCTRON MU IIOSCOPE — By Burton 
and Kohl A well written ur r ount of this newest 
too] of scienre with all tor hnu alltics explained for 
complete understanding by average person 83 95 

A COURSE IN POWDER METALLURGY — By 
Waltar J Baaza A sound view of the overall sub 
jrct of powder metallurgy which will serve as an 
excellent guide and reference book 83 60 

ROCKETS, DltNAMAlkHS, JFT MOTORS — 
By A L Murphy Question and answer text designed 
to acrjudint the uuinitiatid with rockets and all their 
variations Rower plants arc discussed as well as 
vehicles unc' ■ laft to whuli they may be applied 

82 60 

PLASTICS PROBLEMS AND PRO< ESSES — By 
Manaperger and Pappar The whole story of plas 
tics including a resume of manufacturing processts 
and a numlier of thoroughgoing rhipters devoted to 
plastics uses $3 10 

THE FUNDAMENTAIS OF CIIFMISTin — By 
Monrom M ttffnar 1 his trxt introduces the readti 
to clcmrnlM < Icr trons acids alkalis and so on and 
then (ovcis riunustry and its rrbilionship to i verv 
day lift 80 cents 

FLFf TRONU PIIYSUS — By Hector, Lain, and 
Sconton \ Himplihrd t« xl for thr»sr who dr sue to 
ar quire u sound basis for following the advance of 
applied clc‘ctrotius 83 85 

A IABORATOR> MANUAI Ol PLASTK S AND 
SNITIIETU RESINS — By G F D ilaho 

How to jurpftit many of the well known resins and 
plastics 111 the laboratory Undr rstanding of the 
text rrqiiirrs a knowledge of organic ihemistrv 

82 10 

FLNDAMFNTAIS OF OPTU Al FNGINFERING 
— By Donald If Jacoha This new work starla 
out at the very brglnnirrg js mainly non rnathr 
inaticul md is probably the br st suited of all 
ixisting books as an introdur tloii to optical design 
Author is a physir ist nt Hurcaii of Standards 85 lO 

WITH THE WATCHMAKER AT THE BFMH — 
By Donald Dc€ arlr Simple practical straight 
forward instructions on the repair of timepieces 
with direr t imfdications to the manufacture and 
rr pair of drliraie instruments of nil kinds $3 10 

TRIGONOMITRY FOR HOME STUDY — By 
tf itliam i Schaaf, Ph D Fxtrnsive and detailed 
giving expliinatinns as tlu tr xt jirugresseM together 
wiih nuinciouH practn al apjdn ations of trig su« h as 
mncbini shop probb ms survevmg navigation and 
so on 80 cents 

MACHINERY’S HANDBOOK — IJth Edition 

Hible of ibr tue< haiiit al industry 1815 pages 
of lat* St ><tandards data and information required 
daily in the shop and drifting room 86 10 


^ The abuvt prices are postpaid in the United States Add, on fureiKn orders ^ 

® 25 g for postage on each book, except as noted ) 

< \I1 priceg gubjett tu dutnire without notice ) 
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Not Salvage— 

Not Rejects--Not Junk! 

Each piece guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before been offered to amateurs Our 
prices are a small fraction of original 
costs. Limited supply available of items 
listed. 


ORDER NOW - DON'T BE SORRY! 



EYEPIECE IN FO- 
CUSING MOUNT, 

(35 mm) fl 
Surplus lot from war 
instrument Tremen- 
dously wide field of 
view Diameter of 
eye lens more than i 
V\ field lens 1%^ All | 
outside lens surfaces 
fluoride coated Most 
remarkably efficient i 
(brilliant) eyepiece 
ever Each $4 50 
Bushing to fit standard 1^4" telescope 
tube $3 00 extra Bushing to fit your 
special tube sue $4 00 extra 
EYE-CUP of soft rubber for eyepiece 
above Excludes side light With 
clamping ring Each 50^ 

DOUBLE ACHROMATIC LENS 
SYSTEM All outside surfaces fluo- 
ride coated 2^4" (64 mm) fl 

Mounted, od 13/16'' (30 mm) Gear 
aperture H" (23 mm) Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a projection lens for Kodachromc 
slides size 2x2 Each $3 50 

ACHROMATIC CEMENTED OB- 
JECTIVE, (53 mm) diameter, 
854" (216 mm) f I , not mounted, 
fluoride coated . Each $3 00 

MIRRORS Front surface aluminized 
1^" X 2" (irregular), 1/16" thick 
E^ch 254 


PRISMS In metal mountings, ready to 
make into diagonals, fluoride coated, 
meet the most exacting require- 
ments, corrected to 2 seconds of arc 
9/16" (15 mm) x 11/16" (18 mm) 
$2 00 (suitable for micro projection) 

1 1/16" (27 mm) x 1 3/16" (30 
mm) $3 00, and 1 5/16" (34 mm) x 
1J4" (53 mm) $3 50 (these two sizes 
are suitable for 6" and 8" diameter re- 
flectors) ' 

AMICI ROOF PRISM, double invert- 
ing, guaranteed corrected to 2 seconds 
of arc, 13/16" (21 mm) x 13/16" 
Each $2 00 

Porro-Abbe-Dihedral Prism 5/16" (8 
mm) on face Each 15^ 



Include Postage — Retmt mth Order 
CATALOG of lofitof, prhmt, ate, 10c 

HARRY ROSS 

Sclontlflc and Laborotory Apparatus 
70 W. Oroodway, N Y 7, N Y 


page photographs, is m fact a history 
and an encyclope^a of American mili- 
tary aviation All that anybody could 
want to know about the Umted States 
Air Forces is here It would make an 
excellent gift for a boy obsessed, as so 
many boys are these days, with air- 
planes That does not mean, of course, 
that older persons will not find it fas- 
cinating reading They will (380 pages, 
6 by 8V^ mches, lavishly illustrated) — 
$2 60 postpaid C. 

THE STANDARDIZATION 
OF VOLUMETRIC SOLUTIONS 

By R. B. Bradstreef 

A nalysts, research, and other labora- 
tory men can save much time and 
labor m making up solutions by ref- 
erence to the pages of this book where 
the author has gathered together a con- 
cise description of methods which have 
stood the test of laboratory experience 
As the foreword points out ‘‘This book 
IS not for the beginner, smee it pre- 
supposes a general knowledge and prac- 
tice of analytical chemistry It is a 
handy reference work for the man 
who must hurry to get his results The 
discussions of the methods and their 
good and bad points are short and very 
useful, and the text is replete with 
helpful hints, equations, tables of im- 
portant data, expressions for calculat- 
mg normalities, and so on (151 pages, 
5^ by 9 inches, a few diagrams ) — 
$3 85 postpaid — APJ^ 

HOUSEHOLD MECHANICS 

By Earl L Bedell and 
Ernest G. Gardner 

R evised and enlarged, this textbook for 
shop courses in household mechames 
makes an instructive “how to do it“ 
manual that every householder will find 
useful With a lucidly written text and 
clear illustrations, it covers all the jobs 
that are likely to arise around the 
house, including woodworking, metal- 
working, paintmg, care of electrical ap- 
pliances, maintenance of the water sup- 
ply, and waste disposal systems (2^ 
pages, 8V^ by 11 inches, illustrations and 
index ) — $2 10 postpaid — J C 

HOW TO DEVELOP 
PROFITABLE IDEAS 

By Otto F. Reiss 

T hat average people can have ideas 
which will pay off copiously in dol- 
lars and cents is the profitable idea 
(for the author, we hope) behind this 
readable and cleverly illustrated book. 
It IS his belief that money-making no- 
tions do not bang one on the head like 
a piece of plaster falling from the ceil- 
ing, but that they often grow out of 
a person’s normal environment and 
occupational interests To prove his 
point, he cites as one of his examples 
the case of O’Sullivan, the man who 
surely will go down in history as the 
inventor of the rubber heel. O’Sullivan 
was an electrical worker who stood 
on an insulating rubber mat One day 
he conceived the idea of attaching the 
mat to his shoes and the rubber heel 


came mto being There’s a technique to ' 
developing profitable ideas, the author 
says, and he describes the technique 
in ^is interesting and well-written 
book (202 pages, 6 by 9 inches, index ) 

— $3 10 postpaid — J C. 

PLANNING TO BUILD 

By Thomas H Creighton 

A nswers are given m this book to 
some of the many questions which 
will confront layman and specialist 
alike when they plan to build Problems 
in planning, design, and construction 
are carefully considered by the author, 
competent architect and builder of the 
world’s largest post office, who leaves 
no architectural stone unturned New 
materials, heating, lighting, types of 
architecture, prefabncation, these and 
many more subjects are treated by Mr 
Creighton in his lively and engrossing 
little book (228 pages, 8 by mches, 
numerous sketches ) ~^2 60 postpaid — 
AT. 

BUILDING INSULATION 

By Paul D Close 

W AR-TIME urgency of usmg less fuel 
has caused a heightening of mter- 
est, as a result of press and radio exhor- 
tations, of the importance of correct 
building msulation from the viewpoints 
of comfort and saving of money It is an 
mterest that will grow m the public con- 
sciousness after the war ends and Amer- 
icans turn to the great job of building 
comfortable homes for everyone It is 
these considerations that make the sec- 
ond edition of this book, originally 
published in 1941, so useful The text 
gives a meaty treatise on the subject of 
heat and sound insulation and anyone 
who wants to inform himself thoroughly 
on these matters or have m his hands a 
reference to consult for the solutions of 
specific insulating problems, will want 
to have this book available (328 pages, 
5% by 8Vfe mches, index, copious illus- 
trations, diagrams, and tables)— $360 
postpaid — J C 

AN INVITATION TO CHESS 

By Irving Chernev and 
Kenneth Harkness 

N othing short of a miracle is this book 
about chess that the reader can en- 
joy and learn from without being a 
ch^ss wizard to begin with Through 
a pictorial presentation of the moves 
and their meamngs, it imparts to the 
beginner at this fascinatmg and, con- 
trary to popular belief, fundamentally 
simple game, a solid foundation and 
approach The book is designed to bring 
the student to the pomt where he 
can sit down and enjoy a game with a 
full realization of the immense com- 
plications and fascinating mental war- 
fare that can grow out of its basic 
simplicity. Those who do not know 
chess, but are bored by the news, tired 
of the radio, and fed up with cards 
will find this book an introduction to 
a stimulatmg and divertmg pastime 
(5% by 8% inches, richly illustrated) 
—$210 postpaid. — J.C. 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor of tho Sciontiflc Amoricon books '^Amofour Toloscopo Making'' 
ond "Amatsur TtUscopo Making— Advanctd" 


T he large size of a 10 5 x 75mm rich- 
est-fleld binocular made, except the 
optics, by Henry Paul, 119 N Broad St , 
Norwich, N Y, is shown by compari- 
son with the purchased 8 x 35mm 
binocular included in Figure 1 The big 
bmocular has 3" objectives and weighs 
7 pounds While it magmfies only 10% 
diameters it has great capacity in re- 
vealing dim celestial objects 
Although this binocular has proved 
ideal for terrestrial use it was built 
mainly for astronomical observation It 
is true, optical treatises point out that 
for astrononucal use the added expense 
and labor represented by makmg and 
accurately mounting together two 
identical erecting telescopes, one for 
each eye, is not justified, and that the 
gains thus made are mainly psycho- 
logical For example, Bell, in “The 
Telescope,” page 151, describes experi- 
ments which demonstrated that an m- 
crease of only 5 percent in magnifica- 
tion, if given to a monocular, was alone 
quite enough to bring its seeing power 
up to full parity with a bmocular 
Jacobs, m “Fundamentals of Optical 
Engmeermg,” debates binoculars vs 
monoculars, to the advantage of the 
monocular, where time and cost are 
prime factors Paul concedes this for 
astronomical research but adds that 
“for the amateur it has been my ex- 
perience that the ease of observation 
and the pleasure of viewing the skies 
are markedly increased by the addi- 
tion of the second telescope” 

Hardy and Perrin, m “The Prmciples 
of Optics,” page 525, point out that 
bmocular microscopes of the non- 
stereoscopic type also are growing m 
popularity because they give mcreased 
comfort In any case, even a scientist 
(Paul IS a nutrition chemist), when off 
the lot, sometimes finds it irksome to 
be too scientific, especially when 
equipped with a ^lly appointed shop 
(as he is) and possessed of the uncured 
itch to make fine things (Paul has 
made complete telescopes, all mecham- 



Figure 1. Binocomparison 


cally high-grade, Schmidt cameras in- 
cluding the optics, and acceptable roof 
prisms) “Although the opUcs of this 
bmocular were purchased,” he writes, 
“the mechamcs of design, cementmg 
and the rest, presented mterestmg shop 
problems 

“The 3'' objective lenses,” he con- 
tinues, “are 15" in focal length The 
eyepieces, of 1%" focal length, came in 
focusing mounts Their field lenses are 
IV4" and their eye lenses 1" m di- 
ameter Four regular iy4" right-angled 
prisms were cemented m a suitable 
holder to form Porro’s second system 
of erecting prisms (Figure 2), not the 
more familiar first Porro system used 
in the majority of binoculars In this 
second system the faces of the four 
prisms are all cemented, excepting the 
two faces from which the light enters 
and emerges This compact system has 
been used by Alvan Clark and by 
Zeiss m the familiar circular drum- 



shaped boxes between telescope and 
eyepiece For a binocular, two of these 
prism umts are required One of them 
must he reversed, ^e mirror image of 
the other 

“The light absorption of the 4 to 5 
mches of modem pnsm glass in these 
erectors is not serious An ordinary 
bmocular usually has ten air-glass sur- 
faces, two on the objective, four on the 
prisms, and four on the eyepiece lenses, 
with total loss of about 40 percent of 
the light For astronomical use on 
nebulae this is a serious loss, not to 
mention other troubles caused by the 
reflected stray light The use of Porro’s 
second system cuts the 10 air-glass sur- 
faces to 8 In the instrument described 
here all these surfaces except the one 
facing the eye are coated with non- 
reflecting films, which were on them at 
purchase and which were painstakmgly 
maintained Thus light loss is cut to a 
negligible quantity and the binocular 
becomes a highly practicable and pleas- 
mg richest-field instrument, free from 


stray light and ideal for faint nebulae. 

“Adjustment of pnsms and lenses m 
binoculars must be made with great 
care, else double images will result 
Were the prospective maker not fully 
informed of this in advance he might 
well agree with those who claim that 
binoculars are not worth the effort 
“Scrap magnesium, aluminum, and 
duralumm were used throughout, 
helpmg to reduce the weight to 7 
pounds A similar commercial instru- 
ment weighs 18 pounds The glass of 
the large lenses and prisms contributes 
a large percentage to the 7 pounds, and 
its weight cannot be reduced 
“Materials cost less than one tenth 



Figure 3* Mounted on stand 


the price of a similar commercial 
model 

“It was my good luck that the 
//5 3 objectives coupled just right with 
with the 1%" eyepieces to give an in- 
strument with greatest useful exit 
pupil of 7mm (1/3") as is required m 
the RFT Also, //5 is about as high an 
aperture-ratio as can be used on a 
3" lens without too much color error 
Both objective and eyepiece were prob- 
ably designed for dim light, with these 
limitations m mmd, although not 
necessarily for each other The large 
clear eye-distance is convenient for 
wearers of ^ectacles, who can see the 
entire 50® apparent field (4 8® actual) 
without mconvemence 

“It may easily be overlooked that, in 
prism binoculars of this or of the con- 
ventional type, ordinary crown glass 
should not be used for the prisms. 
These should be of light fimt glass The 
high aperture-ratio of the objectives 
results m a steep cone of rays that ex- 
ceeds the critical angle of ordinary 
low-index crown glass (Of course, the 
hypotenuse of a crown glass pnsm could 
be silvered, but then it would no 
longer be totally reflecting, as theory 
and experiment demonstrate, though 
It would have the index of reflectivity 
of silver, about 95 percent ) Prisms may 
be checked closely enough for this 
purpose with a ten-cent protractor 
and a straight stick, by viewing a 
bright area such as the sky through 
the optical axis of the prism and not- 
ing how many degrees the eye may 
be moved away from the axis m the 
direction of the other prism face be- 
fore the critical angle is reached This 
IS plainly indicated by a line of color- 
ation Tliis angle is reached at 5® or 
6® for ordinary crown, while light flint 
gives a reading up m the 10“ range 

“A stand (Figure 3) was a great 
convenience with this binocular be- 
cause of the weight and because it is 
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A Popular Illustrated 
Astronomical Monthly 

For amateur aatronomara — - naw tear 
chart*, Glaaning* for talaacopa makara, 
paga for ob*arvar*, and calattial photo* 
$2 SO a yaar, domactic, 00 in Canada 
Singla copy, 25 cant* 

SAMPLE COPY ON REQUEST 

SKY PUBLISNINQ CORPORATION 

Harvard Obiarvatory, Cambridga 38, Maa* 


TELESCOPE ■■■■' — 
MAKERS 

Quality matarlala of the RIGHT kind 
6* Kit — Olaaa, ahraalvaa, pitch, rouge and 
instruction* IS 00 

LENS ORIKOER, pitch, abrasivea J5 00 

HOBBYGRAFS— INFORMATION^INSFECTION 
Wa offer you the benefit of our 20 year* of 
experience at this hobby Free price U*t 
John M Pierce 11 Harvard St , Sprinoficld, Vt 


ALUMINIZED 

tURFADE HARDENED OOATINQS 

Gat the BEST No change in pncaa 

PRECISION PLUS 

ALUMINIZED DIAGONALS, Rectanaular 
pitch polished fiat*, suitable for 4" short focus 
and 6*^ and long focus scopes IVb** x lya** 
Price, fiat to V 2 wavelength $2 50 ea , flat 
to V 4 wavelength ^3 50 ea , flat to 1/10 wava> 
length $5 00 ea 

LEROY M. E. CLAUSING 

S507-S509 Lincoln Ava Chicogo 2S, III 


RKPLECTINO TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIC PYREX MIRRORS Made to Order, 
correctly figured polished and parabolized Precise 
workmanship guaranteed Price* on request 

WE DO POLISHIHG, PARABOLIZING AND 
ALUMINIZING 

Band for FREE ILLUSTRATED CATALOGUE 

RS. CHALFIN 

Q.P.O. Box 207, New York, N. Y. 


COMPLETE HIGH-GRADE KITS 
OUR SPECIALTY 

Each kit has two glaic dicca 
(correct thickneM) tempered 
pitch, 8 aatorted abrativet 
including rouge (fewer may 
not give perfect optical sur- 
face), inatructiong, FREE 
ALUMINIZED DIAGON- 
AL, etc. 


MIRRORS, made to order 

4" Kit $2 95 (Pyrax, A4 00) 

6'' Kit 400 (Pyrax, 5 50) 

S'* Kit 6 50 (Pyrax, 8 00) 

10" Kit 10 00 (Pyrax, 15 00) 

12" Kit 15 00 (Pyrex, 25 00) 

PRISMS VA” ^3 75, IV 2 " A4 50 

ALUMINIZING 

A hardar and bnghcar aluminum casting that i* 
uniform and producas a lasting and supanor ra- 
fiaccing surfaca. Guaranteed not to paal or blistar 

6" S2.60 

8 " $ 8.80 

10" S04HI 

Mirrors for Cameras, Range Finderc 
and other optical initrumentg. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL 00* 

1001 East lOSrd Streat 
Naw York 09* N. Y. 



difficult to hold steady any binocular 
magnifying more than about eight times 
— especially in astronomical use 
“Camera users will recognize in the 
geared head of the stand the ‘Gear 
Master* This is very handy since one 
can sweep various areas of the sky 
without duplication, and study ter- 
restrial panoramas conveniently 
“This big binocular has added more 
to my pleasure ‘star gazing* than 
any visual mstrument I have con- 
structed ** 


T o THE amateur telescope maker glass 
IS the normal material for grinding 
tools, while the use of metal for such 
tools seems abnormal To the profes- 
sional the reverse is the case The key 
to this apparent anomaly is that, when 


CAST IHON 

aOASS 

aluminum 

CLASS ^ 


Figure 4 Relofive resistonre 


only one 30 b is to be done, it doesn’t 
pay to make a metal tool even though 
the metal tool would be worn away 
less — for the wear on the glass tool 
will not greatly matter An incidental 
dividend is the fact that the glass tool 
won’t be so likely to scratch as a metal 
tool, into which abrasive particles tend 
to become imbedded and fixed 
Just how much less metal tools wear 
away than glass, also crystal quartz 
(note not fused quartz) is the sub- 
ject of quantitative researches made at 
the Bell Telephone Laboratories bv 
W L Bond, a physicist, and described 
in the Bell Laboratories Record, Vol- 
ume 22 

Figure 4 summarizes the findings 
quantitatively, it shows the relative 
resistance to abrasion of the six ma- 
terials tested, when used against a 
cast iron tool The author says “It 
will be seen that the four metals have 
much greater resistance to abrasion 
than the quartz 01 glass, and that the 
resistance is of the same order as the 
hardness The very soft aluminum, 
however, wore 2 ^* times as well 
as quartz, and yet on the Moh scale 
(of hardness) aluminum ranks 2 while 
quartz ranks 7 This is explained by 
the toughness of aluminum and the 
brittleness of quartz The abrasive par- 
ticles bury themselves deeply in the 
aluminum without removing pieces of 
the surface, while the brittleness of 
quartz enables the abrasive particles 
to break off small pieces, and thus the 
wearing away is faster Glass, which 
IS softer than quartz, and even more 
brittle, wears away still faster ’’ 

T wo Seattle, Washington, amateurs, 
Leonard Hughes, 810 E 60th St , 
and R V Tomlinson, 8807 Roosevelt 
Way, made the 8 " reflector shown m 
Figure 5 They write 
“The whole contraption was com- 
pleted in less than four months of in- 
termittent spare-time work (or should 
we say play?) The f/10 mirror is of 
Pyrex and the customary amount of 
grief was encountered in its manufac- 


ture The tube consists of mne pieces 
of V 4 " galvamzed water pipe thrust 
through eight cast aluminum rings of 
9" mside and 11" outside diameter 
The thickness varies from W' to 
“The decimation axis consists of two 
aluminum castings 5" in diameter with 
two machined faces held together by a 
double roller bearing and bolt and in 
such a manner that a bearing surface 
the full diameter of the axis is ob- 
tained [italics by the editor] 

“The polar axis consists of a cast 
* aluminum cone revolving in a cast 
aluminum cone receiver The cone is 
held in contact by the axis, which is 
thrust into a small Timken bearing at 
the lower portion of the polar assem- 
bly 

“The castmgs were made by the 
general directions m ‘A T M A * The 
melting was done in an ordinary coal 
furnace with plenty of draft and coal 



Figure 5 Tomlinson, Hughes 


Best results were secured with a 20 
percent mixture of foundry clay in fine 
sand Trouble resulted if the molds 
were not dry, and it often resulted 
anyway 

“There is a total of 16 major cast- 
ings in the mounting and tube All 
casts were made in open mold, which 
gieatly simplified matters 
“We plan to add setting circles, mo- 
tor drive, and precision focusing mount 
“The whole telescope cost only $60 
plus barrels of sweat 

“After the war we plan a 20" re- 
flector of f/1 for photographic use 
also a 4" photographic apochromat and 
a camera to match for a patrol of 
novae ’* 

R llatively few telescope descriptions 
have been coming in of late, yet 
“ATM” and “ATM A” have in- 
creased m popularity each year 
throughout the war These apparent 
contradictions seem to say that amateur 
telescope makers have been busy in 
war work, also have been unable to 
obtain materials, but that they are 
doing a lot of reading and planning for 
a revival of activity post-war 

W E DISCOVER that the names of two 
producing members of the amateur 
Roof Prism Gang were omitted from 
the summary in last November’s num- 
ber C S Walton, 5975 W 44th Ave, 
Wheatndge, Colo , and Anton Bohm, 
6815 W 29th Ave , Denver, Colo , made 
488 roof prisms 
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COMPLETE INFORMATION ON EVERY PRACTICAL TRADE 

Thm book ovory homo owner has droamod of 


fMrn fo this comprehensive HANDBOOK with confidence. You will 
find its helpful pages crammed with the latest, most efficient and 
workmanlike ways of doing every kind of job about the home 
and in the home workshop. Carpentry, metal work, electrical 
work, plumbing, masonry, painting and decorating— all explained 
by master craftsmen. The most detailed information about how 
fo choose, repair, and apply the right materials in the right places. 

Every move in the use of tools is shown by vivid hands-at*work 
phofographs. All the important operations, and those "tricks of 
the tracks" that play so great a part in good craftsmanship, are 
explained and made crystal clear by detailed step-by-step draw- 
ings. Complete directions, fully illustrated, for thousands of jobs, 
small and large — from fixing a broken window to installing a ^ 

hot-water heater; from varnishing a chair to painting a house. 

PAINTING & DECORATING METALWORKING .^^9 


Principles of paint mixing, formulas, and how 
to obtain any desired hue Full directions for 
selection and care of brushes and other equip- 
ment How to calculate amount of paint re- 
quired. and best methods of apply mg to wood, 
metal, brick, concrete, stone, stucco, plaster 
Exterior house painting — interior house paint- 
ing — choice of color schemes Complete di- 
rections, fully illustrated, for obtaining dec- 
orative effects — stippling, mottling, textur- 
ing, stenciling, striping, etc Methods of 
finishing with stain, shellac, varnish, and 
wax Proper stains for each variety of wood 
Detailed step by step instructions for wall- 
papering How to finish an auto, quickly, 
easily, and inexpensively 

WOODWORKING 

The many varieties of wood and their rela- 
tive merits, working qualities, and uses 
Plywoods, veneers, and wood substitutes — 
how to choose the materials best suited for 
the job Sizes, types and functions of all 
carpentry tools — how to use, sharpen, and 
adjust them All the basic operations and 
processes of woodworking — everything from 
how to avoid warping to full directions for 
cutting each of the common joints Wood 
turning — the different cuts, roughing, facing, 
sanding and finishing, drilling, boring, mor- 
ticing, spinning, polishing Hundreds of re- 
pair jobs and new constructions - inside and 
utside the house — arc fully explained with 
liagrams and every practical fact you nerd 
D get the best results 


Complete information about 
the common metals, and the 
alloys — wrought iron, cast 
iron, steel, German silver, I 
pewter, the brasses and ^ ' 

bronzes, solders and babbitts .,.^ 1 i 

— when to use, how to use, J 

and how to work them ^ 

Hand tools and machine 
tools — their specific purposes, 
sizes, and the most detailed in r 

structions for their uscl Hints, ideas, 
and “tricks of the trade “ How to use 
the engine lathe Metal jobs and projects 
for home and shop, complete with bill of 
material, equipment need^, and a fully il- 
lustrated account of every step in the work 

PLUMBING 

The various kinds of pipe, pipe fittings, valves, 
and fixtures All the common plumbing tools 
' — types sizes, functions, and how to use 
them How to cut, ream, thread, and assemble 
iron and brass pipe How to connect copper 
tubing and make lead joints The technique 
of pipe fitting, and the proper sequence of 
steps in assembling a piping system House- 
hold plumbing projects — installing a hot- 
water heater, radiator, and various other 
units How to drain a plumbing system when 
closing the house for the winter How to fix 
leaks in faucets and valves, repair a faulty 
section of pipe The cleaning, and mainten- 
ance of each part of the plumbmg system 


MASONRY 

Answers every practical question about con- 
crete, plastering, siucco, brick work, con- 
crete-block and glass block construction 
Inscribes all tools, and just how to use them 
Mow to specify materials and estimate quan- 
tities How to build forms, mix concrete, 
color It, make it watertight, finish it off, how 
to build walls, floors, steps All the sure 
methods and special ways of working by 
which the master mason assures good results 
Everything about plastering — from small re- 
pairs to doing entire rooms Complete instruc- 
tions for stuccoing —reinforcing, methods of 
applying different coats, and how to obtain 
various decorative finishes 
^ Kinds of brick handling and 

laying Mixing and coloring 
mortar Material 
charts Types of 
B P— T- construction Vari- 

\ ous bonds Forming 

r cross joints Firc- 

place construction 
Working with con- 
blocks — build- 
I mg the wall, corner 
construction Kinds 
li sizes of glass 

SKMOto IhIIiIm blocks Glass-block 

glmm ra 11 I ^ construction — mor- 

Bn? I full-mortar 

j««ots, set-in-wood 


ELECTRICAL WORK^ 

Practical information about every electrical 
job the home mechanic may undertake around 
the house or in the home workshop Principles 
of electricity “-volts, amperes, ohms Gener- 
ation of electricity Electrical energy and 
power Fuses and circuit breakers Parallel 
and series circuits Standard electrical sym- 
bols Tools, materials, and requirements of 
National Electrical Code Complete, fully 
illustrated explanations of every step in vari- 
ous operations of general electrical work — 
splicing, soldering, taping, testing, etc In- 
stallation of various signalling systems — bells, 
buzzers, and alarms Wiring methods for 
power and lighting circuits Complete projects 
for the home, such as BX wiring a room, and 
wtrmg a garage in conduit and BX Portable 
appliances— fans, mixers, clocks, heaters, 
radios Fixed equipment — oil burners, re- 
frigerators, lighting plants, pumps, motors, 
generators, and control devices, all clearly 
described, with practical suggestions and hm»^8 
for trouble shootmg and adjustment. 


Send No Money 1 


[xamittd this Great Book FRli! 

The coupion at the right will bring you a copy of The 
Home Mechanic’s Handbook for ten days’ examination, 
entirely free Look it over, spend some time with it, and 
decide for yourself whether or not you want to keep it 
Unless you are convinced that The Home Mechanic’s 
Handbrok is the most useful book you have ever seen, 
Jou may return it to us and owe nothing, or you may 
^etp it by making a down payment of $1 95, plus 
^few cents postage, and the balance in two monthly 
Payments of $2 00 each, ($5 95 plus postage) But send 
^ the coupon NOW ’ The supply is definitely limited. 


MAIL THIS COUPON 


D Von Nosfrond Co , Inc , Publishers, 250 Fourth Avenue, New York 3, N Y. 
Please send me a copy of THE HOME MECHANIC’S HANDBOOK Within 
10 days I will either return the book, or send you $1 95, plus a few cents postage, 
and $2 00 a month for two months until the total price of $5 95, plus i>ostage, is paid 
Of you sand the anttre amount of S5 95 with thiacoupon, we will pay the poet- 
age Same return privilege ancfre/uncTifuaranraa if not completely eatiefied ) 

Name ^ V 

(Please print) 
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CREATIVE 

optical engineering 

Individual or manufartur 
ing probleni» in\olving 
the use of precision op 
lical elements — instru* 
merits, mirrors or ophthal- 
mic lenses will receive 
immediate attention by 
capable optical engineers 
in our Post War Planning 
Department We invite 
your inquiries 

WnLM0CEY&$0NS,MC. 

EtmbUthed 1B82 

aiAINPIElD NEW JERSEY 



The original hand tool and today^s finest 
for precision work on any metal, alloy, 
plastic, wood, horn, bone, glass, etc. 

Fits your hand comfortably, because it’s 
perfectly balanced and weighs only 12 
ounces — it’s the '*non-fatiguing” tool. 

Handee’s usefulness is as extensive as the 
number of quick and easy-to-change ac- 
cessories you own . . choose from more 

than 300 in the Chicago line Operate-i 
on AC or DC current at 25,000 r.p m 
With 7 Accessories, postpaid, $18 50 

Hands* Kit — — Handse Tool and 45 uacful 
acesaaonss in atrong caae Poatpaid, $25 00 

Wnta for new 64 pag* catalog 

CHICAGO WHEEL & MFQ. 00. 

1101 W Monro* St, D*pf SA, 
Chicogo 7, III 
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Our Cover* After being 
heated to 2700 degrees. 
Fahrenheit optical glass 
is maintained at this level 
for about 14 hours The 
temperature is then grad- 
ually lowered to 2200 de- 
grees and the molten glass 
is poured on a rolling table 
and rolled to a sheet of 
uniform thickness prior to 
annealing See article start 
Ing on page 137 for his 
orical details on glass 
Cover photo was taken 
with a Bausch and Lomb 
anti rellectlon surfaced 
photographic lens to elimi- 
nate flare caused by re- 
flection due to intense bril 
liance of the molten glass 
Photo used by courtesy of 
Bausch and Lomb Optical 
Com pony 
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Quick Facts for N. I 

Manufacturing and Sales Executives 

Do not confuse CORRONIZING with other metal Loatirifii 
This patented process provides a permanent alloy "armor"' 
with 5 layers of defense against corrosion! It becomes part 
of the steel base can be worked in any manner Permits 
using lighter materials by prolonging steers period of great- 
est strength WrUe for samples and complete information 

STANDARD STEEL SPRING COMPANY 

coRAOPOLis, Pennsylvania 
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Previews of the Industrial Horizon 


RESEARCH TOMORROW 

M UCH in the news these days is the subject of scientific 
research and its application to industry in the future In 
November of 1944, President Roosevelt asked Dr Vannevar 
Bush, Director of the OfTice of Scientific Research and De- 
velopment, to make recommendations regarding ways in 
which scientific knowledge can best be made available to the 
world, ways in which the Government can aid research ac- 
tivities of public and private organizations, and ways in 
which scientific talent of American youth can best be pro- 
moted to assure the future of scientific research 

In July of this year Dr Bush transmitted his thoughts, and 
those of a number of distinguished committees who collabo- 
rated with him, to President Truman The complete report, 
presented under the title “Science, the Endless Frontier,’* 
should be read by every business man in the country It is 
thorough-gomg and pains-taking in detail, and the geneial 
tenor of the whole report can be sounded by quoting the 
followmg paragraph from it 

“The most important ways m which the Government can 
promote industrial research are to increase the flow of new 
scientific knowledge through support of basic research, and 
to aid in the development of scientific talent In addition, the 
Government should provide suitable incentives to industry 
to conduct research, (a) by clarification of present uncer- 
tamties m the Internal Revenue Code in regard to the de- 
ductibility of research and development expenditures as 
current charges against net income, and (b) by strengthening 
the patent system so as to eliminate uncertainties which now 
bear heavily on small industries and so as to prevent abuses 
which reflect discredit upon a basically sound system In 
addition, ways should be found to cause the benefits of basic 
research to reach industries which do not now utilize new 
scientific knowledge ” 

In other parts of the report, some may find implications of 
proposed socialization of research activities If this be true, 
then industry must beware Governmental red tape, the lack 
of incentive bred of bureaucratic sinecures, and the tendency 
toward playing politics on the part of governmental em- 
ployees are not at all conducive to progressive and aggressive 
research of the type that has placed American industry m its 
present enviable position 

Whatever implications may be read into the report ren- 
dered by Dr Bush, it should be encouraging to note an in- 
creasmg realization in all quarters that industrial research is 
necessary and that it must be pressed forward at all cost if 
the nation as a whole is to prosper But it must not be for- 
gotten that a vast proportion of the research which has made 
our nation what it is today has stemmed directly from in- 
dustry itself, fostered by what some people still sneenngly 
refer to as the profit motive 

The profit motive has its faults, it is true, but it has built 
in the United States the most powerful industrial nation in 
the world It has reduced mass-production — with its at- 
tendant material benefits — to almost an exact science At 
the same time it has made possible, directly and indirectly, 
much of the pure or fundamental research which has con- 
tributed so largely to cultural progress — and which, in turn, 
has completed the cycle by contributing in large measure to 
the furtherance of private industry and of the same profit 
motive that gave it biith 

We think that a brighter side of the whole subject of the 
future of research lies in the recent announcement by Gen- 
eral Motors of its Technical Center where post-war research 
in all its aspects will have the objective of providmg more 
and better thmgs for more people Here is a promising view 
of a not too distant horizon where one segment of one in- 
dustry will work toward providing an economy of plenty 
that will benefit not only its own selfish profit motives but 
will spread these benefits over the whole face of the nation 
and of the world 

What this ono segment of one mdustry can do, under the 
American profit system, every other segment of every other 
industry can do, each in proportion to its size and potential 
productivity If each segment does its own share, the total 
aggregate will eventually equal and surpass even the enor- 


A, A P^ck 


pious possibilities of Government-sired and Government- 
sustained research And the incentive that goes with private 
industry will be there, ever spurring onward toward greater 
accomplishments 


BELTS CAN CARRY IT 

F ORWARD-LOOKiNG engineers see on the horizon a time when 
conveyor belts will do a far greater number of jobs than they 
are domg today In coal and coppei mining, belts large and 
small have proved themselves, in coal mining, belts are mak- 
ing serious inroads on the electric locomotive method of 
handlmg coal It is estimated that today more than a million 
and a half feet of belting is used for this work but even this 
vast footage handles only a small fraction of the coal produc- 
tion of the nation So satisfactory are the belts, however, 
that It IS predicted that, within a few years, 80 percent of the 
coal mined underground will be removed from the mines 
on belts 

But the suiface of the conveyor-belt business has just been 

f cratched Belts are being used increasingly to transport 

aw materials in factories, and this phase will increase in 
importance as possibilities are explored more thoroughly 
In the meantime, engineers are again toying with the idea 
of moving people from point to point on belts If the bugs 
can be worked out, and the people can be adequately pro- 
tected against accident, this transportation method should 
have great appeal, particularly for moving passengers from 
waiting rooms to planes and trams, workmen from parking 
lots to their benches, and the like 


Facsimile 

OF THE oldest forms of communication by electricity is 
facsimile, in which an exact copy of a message, picture, com- 
plicated sketch, or what-ever is reproduced at a point distant 
from the transmitter However, technical difficulties have 
beset the paths of facsimile engmeers, with the result that, 
despite earnest effort, success was slow in coming Facsimile, 
offering advantages of highly accurate transmission, extreme 
speed, and a permanent record of the communication, has 
received great impetus during the war It has been used to 
send maps, orders, photographs, and other military informa- 
tion by wire and radio 

Facsimile differs from wire-photo methods of communica- 
tion in that facsimile builds up a copy at the receiver by 
direct electrical action on paper, in wire-photo the receiving 
action is photographic and a darkroom and attendant equip- 
ment are required 

Present plans foi the future of facsimile include units for 
inter- office communication and for attachment to home 
radios The latter, of course, presupposes a transmittmg 
set-up that would make owneiship of a home facsimile unit 
desirable 


FOR FUTURE REFERENCE 

HOME dishwasher, to sell for about $75, is reported to be 
ready for near-future manufacture Complete, assem- 
bly-lme-built houses of three rooms and bath, that will sell 
for $2000 or less, are being made in a Goodyear pilot plant 
Link these houses with “prefabricated” dinners, on plates 
that are designed to be used and thrown away, meat and 
vegetables, tastefully arranged, are partially cooked, then 
frozen, just heat and eat 
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With the n« u K( A lifehowt ritlio shipwrecks nnd no longi r take a tirnblc toll of li\cs 


A two-way radiophone— for NfeboaHI 


Heu'js wlu n a tticphoiic comes m latlier 
iiandy wlun you can get yoiii paity ' 
and Iicai ‘ We’ll he there to get you m a 
couple of hoiiisl ’ 

With the new RCA compact lilehoat 
I idio, th.it s exactly what happens A kite, 
oj a halloon, takes the antenna up 300 feet 

fuin the pow'ei -generating eianks and 
out goes an SOS — along with a direction- 
findci h< .im so shore stations can figure 
\oui exact location 

But CM n more amazing, shipwiecked 
inaimeis can t.ilk wath the mem on their 
\v.ay to the rescue Thc'y can “pick up” ships. 


.uiplancs .ind tint wondeilnl pi lee e died 
‘ land ’—ewen if it s 1000 miles away ’ 

EndUss leseaich such as went into de- 
veloping this Iifehoat i.idio, goes into all 
RCA pioducts 

And will'll you huy in RC\ Xhctoi ladio, 
oi ttlevision set oi \ ictrol i \oii i njoy i 
um(]ue piide of owaii iship m knowing that 
you possess one of the fini si mstiuments 
of its kind that seie'iiee has aehicMd 

Radio Coqioration of Xmerita RC V 
Building, Radio Citv New \oik 20 • Lis- 
ten to Vhe RCA Shou Stmehn/s 4 >0 P M 
EWT, ovet the NBC Situ ink 



Joseph McDonald and Donald Kolb 

(holding halloon) .ire the Radio- 
rnanni* inginiirs who developed 
tins lifeboat radio Here is the bal- 
loon th.it IS indited wath helium 
nul carries the mteiina as high as 
U)() fn t into the air 



RADIO eORRORAnOM of AM B RICA 
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50 Years Ago in . . . 

HIMHHMhi 

(Condensed from Issues of September, 1895) 


NIAGARA POWER — “After almost five years of work and the 
expenditure of over $3,000,000, Niagara Fails are now being 
utilized for power The monster 4,000 horse power dynamos 
of the Cataract Construction Company are now sending out 
electricity for commercial use The first power was delivered 
to the works of the Pittsburgh Reduction Company at 7 30 
o’clock, August 26, when dynamo No 2 in the construction 
company’s power house was set in motion At the reduction 
company’s works there were about a dozen men at work and 
the pots used in the making of aluminum are being tested 
by them “ 

FORESTRY — “Farmers throughout the Umted States are 
making a mistake when they fail to plant trees on all their 
land not suited to crops, and along their lanes, fences, and 
highways Without any other expense than that of planting 
the young trees they could provide for fine rows of maple, 
oak, pine, birch, hickory, walnut, and other trees on their 
farms, all of which would be increasing in value every year ’’ 

FREIGHTER — “The twin screw White Star steamship Georgic, 
Captain Smith, fimshed her maiden trip to this port, August 
26 She IS the biggest freightei in the world, and probably 
the swiftest, being able to make thirteen and a half knots 
She was built at Belfast by Harland & Wolff, and measures 
10,077 tons She is 538 feet long, of 60 foot beam, and 40 
feet deep ’’ 

TRANSPORTATION — “The whole of the tonnage on the oceans 
of the world last year was about 140,000,000 tons, w ile 
the tonnage of the railways of the world, carried 100 mil^s, 
was about 1,400,000,000 tons There are 400,000 miles of 
railroad in the world, of which 180,000 are in the United 
States Of the 1,400,000,000 tons carried 100 m las last year 
on the railways of the world, 800,000,000 tons were carried 
on the railways of the United States ” 

SOUND STUDY — “Voice analysis is lecoided by making a 
resonator for the fundamental and ovei tones so as to sound 
in sympathy, and to cause tiny gas jets to flicker These 
variations have hitherto been drawn by hand, but now 
they are photographed by a swiftly moving camera, so as to 
make a perfectly accurate record Practically this invention 
is very useful in analyzing the voices of smgers or speakers, 
and determming at once where they need improvement ’’ 

INVENTION — “No better examples of the importance of 
small things can be found than among the records at the 
United States Patent Office, in Washington There are to be 
seen certam small objects which, by a lucky turn of affairs 
or, perhaps, by the ingenuity of the mventors, have become 
known throughout the world, and have been the means of 
filling the pockets of both the inventors and their repre- 
sentatives In fact, it would seem as if inventors of small 
objects have sometimes been far better paid than skilled 
mechamcs and engmeers who have spent months and years 
in perfecting elaborate mechanisms ’’ 

WOOD PULP PINIONS — “The great development of electrical 
mechanism during the past few years has caused engineers 
and mechanics to give special attention to anjrthing con- 
nected therewith It has been found that an objection to 
nearly all electrical power apparatus is the extensive vibra- 
tion of the gear wheels, which In almost every instance re- 
volve at a higher rate of speed than in ordinary machinery 
Compressed rawhide pinions and cogs made from same 


material have been adopted with some success Even this 
material, however, has its drawbacks, all of which are 
claimed to be done away with by combining wood pulp w*th 
the same *’ 

FRUIT IN GLASS — “A new vacuum process of cannmg fruits 
in glass has lately been introduced from Europe among the 
packers of the Pacific coast All the deleterious gases gen- 
erated m cooking the fruit, and even the air, are extracted 
under this new process, so that fermentation is reduced to a 
minimum “ 

BELLS — “Church bells are, with but little variation, made 
of copper and tin, m the proportion of copper 78 parts, tin 
22 parts Bell founders claim that all additions of gold and 
silver, etc , are of no practical value The flasks whereon 
and wherein the mould is made consist of two parts, con- 
structed of boiler iron, of a general bell form, and plentifully 
perforated with holes for escapmg gas while casting, one 
being so much less in size than its fellow as to give space 
for the loam forming the mould between the two No ‘pat- 
tern,’ as the term is generally used, is provided The two 
parts of the mould are ‘swept* by ‘formers,* accurately fin- 
ished from thin iron to the form intended for the mner and 
outer surfaces of the bell The melted bell metal being 
ready, the furnace is tapped, the bright stream caught in a 
huge ladle swung over the mould by a crane and poured into 



the open mouth of the mould till it is filled After cooling 
and removal from the mould, the bell is usually polished 
with sand and water in special revolving grinding machmes ” 

FIRE-CYCLE — “The New York Fire Department has under 
consideration the construction of a bicycle chemical engine 
for use in the up-town and suburban districts The plan 
proposed contemplates a light chemical engine of from 30 
to 40 gallons capacity, which will be propelled by four men, 
which would make much better time than the horses do 
Out of 1,100 men in the fire department, 300 now ride bi- 
cycles ’’ 

ROADS — “The total length of the common roads in this 
country, good, bad, and indifferent, is estimated by Gen 
Stone, of the Road Bureau of the Department of Agriculture, 
at something over 1,300,000 miles The majority of these roads 
have been opened by common laborers hired by county 
supervisors, and no engineering principles have been ob- 
served in their construction As a result, it costs more to 
keep them m repair than if they were so many finely 
macadamized roads ” 
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The wire you see with the parachute on 
the end of it is a telephone wire, being 
payed out from a C-47 cargo plane 
Bell Telephone Laboratories, work- 
ing with the Air Technical Service 
Command of the Army Air Forces, de- 
veloped this idea. It will save precious 
lives and time on the battlefield, 

A soldier throws out a parachute 
with the wire and a weight attached 
The weight drops the line to the target 
area. From then on, through a tube 


thrust out the doorway of the plane, 
the wire thrums out steadily — sixteen 
miles of It can be laid in 6 2/3 minute*^ 
Isolated patrols can be linked quickly 
with headquarters Jungles and moun- 
tain ranges no longer need be obstacles 
to communication. 

This is in sharp contrast to the old, 
dangerous way. The laying of wire 
through swamps and over mountains 
often meant the transporting of coils 
on the backs of men crawling through 


jungle vegetation, and in the line of 
sniper fire It is reported that in one 
sector of the Asiatic theater alone, 41 
men were killed or wounded in a smgle 
wire-laying mission. 

Bell Telephone Laboratories is han- 
dling more than 1200 development 
projects for the Army and the Navy. 
When the war is over, the Laboratories 
goes back to its regular job — helping 
the Bell System bring you the finest 
telephone service m the world. 



BELL TELEPHONE 


LABORATORIES 
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The Renrari h I aboriitur) of the Libbty* 
0>v(Us*l‘ord Cunipany lu loUilu 

THIS IS WHERE WE TEACH GLASS TO DO NEW THINGS 


If visibilit) wtie ihe sole purpose of glass, achieve 
inents of past decades in producing glass that is 
flatter, dearer and freer from iiiipeifections would 
})e enough — and scientists in the glass laboratories 
r ould rest on then laurels 
!5ut engineers saw in glass far grt ater poltnlialilies, 
lar more benefits than those resulting from its ordi- 
nar) uses And so the) found wa>s to make glass do 
new jobs—and do old jobs better Their efforts ha\e 
made glass moie \ersatile than is comnionl) realized 
Could glass be made to withstand great thermal 
shock, impcut and heavy loads'^ It could and 
out of the laboratories tame luf-fle\ the I/0*F 
tempered glass of amazing strength 

W ould It be possible to have u indow walls to 
^open ’ rooms to sunshine and view uithout exces- 
sive heat loss^ It was . and L 0*F developed 
Thermopane the Ik imetit all\ sealed, multiple-pane. 


glass insulating unit, suitable for all building types 
Could glass be made to let in daylight, yet block 
out most of the infrared rays of the siui'^ Now it’s 
an dclualit) L*0*F Heal Absoibing Plate Glass 
A glass to reduce fiuling'^ Yes, L'0*F Golden Plate 
Glass in special shapes^ L’0*F has moulded thou- 
sands of bends Glass in transparent and opa^jue 
colors Yes, a wide \aricty of colois for unusual 
decoratne effects Even laminated glass'^ L*0 F has 
laminated millions of stjuaie feet of glass with plas- 
tic, pioduc ing bafct\ Glass for motorcais, plane's, 
trams and ships These and niaiu othei modern 
glasses typif\ the industry’s progress 

Rc'search has improved glass thiough the years, 
broadened its services and pointed to better things 
ahead Glass Uihnology has never stood still . • 
and never will LibbeyOwens*Furd Glass Company. 
30^5 Nicholas Building Toledo 3 Ohio 
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Scientific American 



Steps in making: sheet glass in an early American plant 


Light and 


Progress 


By JEROME CAMPBELL and A. P. PECK 


Glass, Material of Many Uses, Has Extended Man^S 
Sight Into the Far4)ff Universe and Into Micro^ 
scopic Worlds. At the Same Time it Has Served 
Utilitarian Purposes in the Home and in Industry. 
Strangely Enough, it Was One of the Last of Pres^ 
ent-Dfty Materials to be Adapted to Mass-Produce 
tion Methods and Hence Put to Wide Use 

T o SHELTER his body from the ngors of climate, man 
has had to erect walls around him and build a roof 
over his head And glass, man’s creation, allows 
him to admit light mto his dwellings, while maintaining 
the protection of his shelter 
But glass does far more than this To impaired eye- 
sight glass brings vision so that the printed word is 
made clear Glass made mto telescope lenses and mir- 
rors opens to man the enormous vistas of the heavens 


and makes known to him the complexities of outer 
space 

In an opposite diiection glass also enriches man’s 
undei standing Cunningly made into microscope lenses 
it leveals the swaiming life too small by far to be seen 
by his unaided eyes Bacteria and other micro-or- 
ganisms, causes of death -bunging ailments and also 
sources of stiength and health, are observed by him 
By means of glass he learns how to check the harmful 
powei of these organisms, invisible to the naked eye, 
and how to make use of their power to do him good 

When man began to make glass no one knows Pliny 
offeied the plausible explanation that it was discovered 
accidentally by the fusion of sand and soda in cooking 
fires Whether this is true or not, it was during the 
great civilization of ancient Egypt that the making of 
glass, first as a glaze on pottery and later as a trans- 
lucent and transparent material, emerged among human 
activities as an art and an industry 

The invention of the blow pipe sometime near the 


SEPTEMBER 1945 


SCIENTIFIC AMERICAN 


137 



Grinding plate glass in the 1880^8. The rough plates, 
trimmed to best advantage, were mounted In plaster of 
Paris on the revolving table of the grinding machine 


beginning of the Chiistian eia, piobably by Phoenician 
glass workers, enlarged the scope of glass-making 
greatly It stimulated the development of clear trans- 
parent glass, and glass blowing became a great indus- 
try m the leadmg cities of the Roman world during 
the first four centuries of the Chiistian era 

Skippmg over the development of stained glass 
wmdows, the famous Venetian glasses, and so on, it is 
found that during the 17th Century important progress 
was made in the manufacture of glass In 1612, Neri 
published in Florence his work on glass technology, 
VArte Vetrana, translated into English In 1662 It was 
the first work on the chemistry of glass and has since 
come to be one of the classics of glass technology It 
served as a source of information that contributed to 
the progress m glass making during the next hundred 
years 

The craft of glass cutting was greatly improved in the 
early years of the 17th Century by Caspar Lehman and 
his follower, Schwanhardt An Englishman, George 
Raveilscroft, made an important contribution to glass 
technology by inventing flint glass in 1675 He used lead 
oxide to give this glass its features of great brilliancy 
and relative softness that make it adaptable to form- 
ing and decoration An additional important step for- 
ward m glass manufacturmg was taken in 1688, this 
time m France, when Louis Lucas invented the process 
of casting glass 

The 18th Century, the great “age of enlightenment,” 
was marked by intense intellectual activity that bore 
fruit in advances in thought and in politics, culminating 
in the New World in the establishment of a free United 
States, and m Europe in the French Revolution, it was 
also marked by the development of optical glass This 
the world owes to Pierre-Louis Guinand, a Swiss (1748- 
1824), who in 1790 worked out a method of producing 
it He and his descendants found that by stirring the 
molten ingredients, and by annealing the glass, they 
could produce an optical glass substantially free from 
the imperfections that impair lefractmg qualities 

Guinand and his sons established a dynasty of optical 
glass makers whose activities spread from Switzerland 
into Germany and France. One of Gumand's great- 
grandsons, Edmond Fell, in 1893, set up an optical glass 
plant m America at Lenox, Massachusetts, and at- 
tempted to build up a business, but without great suc- 
cess 

AMERICAN GLASS — Although the production of optical 
glass in the United States did not get started in a large 
way until World War I abruptly cut off imports from 
Europe, the manufacture of glass for utensils, orna- 


ments, and wmdows was actually the first mdustiy set 
up by the English settlers in the new world Among the 
first 70 passengers brought to the settlement of James 
Towne in 1608 by Captain Christopher Newport, at the 
instigation of the London Company, were eight Dutch 
and Polish glassmakers A glass manufactory was 
established and some of its products were among the 
first exports from America m 1609 
The mam ]ob of the glasshouse in James Towne 
was to manufacture wmdow lights for the colonists’ 
houses* The venture seems to have failed shortly after- 
wards Nothing more is heard about glass manufacturing 
in Virginia until 1621, when the London Company again 
tried to establish the manufacture of glass in its colony 
In that year six Italian artisans were shipped across the 
Atlantic to make colored beads and similar gewgaws 
for tradmg with the Indians Thus the second glasshouse 
established in America was also its first mint, for the 
glass manufactured for trading with the Indians was, m 
effect, currency This glass-making attempt lasted until 
1623 and then collapsed It passes at this point in time 
from the pages of history into oblivion 
The next attempt at glass making in America was 
made in 1641 when Obadiah Holmes and L.awrence 
Southwick constructed a plant in Salem, Massachusetts, 
where it is believed they made window panes, bottles, 
pitchers, and lamps for a few years 
Some years later the Dutch in Nieuw Amsterdam 
set up a glass factory and turned out glass for more 
tnan one hundred years until 1767 The earliest furnaces 
were built on Glass Makers Street, now William Street, 
center of the insurance business Later, several furnaces 
were built farther uptown at the Glasshouse Farm on 
the banks of the Hudson River The Jansen and Melyn 
famihes were active in these glass-blowing enterprises 
Other Dutch artisans who made glass in Nieuw Am- 
sterdam were Johanes Smedes, Cornelia Dirksen, and 
Event Duyckmg, who with his son, Gerrit, made 
America’s first colored art glass for the windows of the 
Dutch Reformed and other churches in the colony 
In 1739, Caspar Wistai, a German immigrant, sent to 
Belgium for four glass makers He set up a small fur- 
nace in southern New Jersey and manufactured panes 
for wmdows, as well as bottles and glass chemical ap- 
paratus After Caspar’s death in 1752, his son Richard 
enlarged the plant and carried on the work until 1781 
Many fine examples of this south Jersey glass survive 



CourtMT Corning OIom Works 

In 1879, in a glass *^shop^^ like this. Corning blew a 
bubble for a man named Edison and thus began pro* 
duction of incandescent lamp bulbs, now a mecha* 
nized process producing up to 700 bulbs a minute 
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Why 109 Kinds of Optical Glass? 


Bending light to the will of 
man, making it accomplish 
miracles, this is the job 
that optical glass does 
in industry, science, medicine, and in the 
service of our armed forces 
Creating the required types of glass, 
and adapting them to the thousands of 
preasion operations they are to perform, 
is the task of Bausch & Lomb, America’s 
large scale producer of optical glass and 
the only company currently producing 
109 kinds 

Many of these glasses may look alike, 


but to the optical elLpert each is different 
That difference is marked by specific 
qualities of refraction, dispersion, and 
transmission the properties which 
determine how light is bent, broken up, 
and passed through a lens or prism 
Only by having available all of these 
types of glass and the ability to create 
new types when needed has Bausch & 
Lomb been able to meet the optical in- 
strument needs of science and industry 
in times of peace . . . the needs of our 
armed forces for highly precise military 
optical instruments These combined 


abilities . . to create and produce fine 

optical glass and to utiliae its properties 
to the fullest advantage • . make Bausch 
& Lomb America’s Optical Headquarters. 
Bausch & Lomb Optical Co , Rochester 2, 
New York 


BAUSCH & LOMB 

ESTABLISHED 1853 




Makers oj Optical Glass and a Complete lane oj Optical Instruments for Military Use, Lducatson, Research, Industry, and hyeught Correction and Conservattom 
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today in museums and pnvate collections These 
authentic examples of early Wistar glass are mostly 
what IS kn6wn as ‘^off-hand” blown glass These are 
pieces that the workmen fashioned for their friends or 
famihes apart from their regular production To the 
last run of glass in a pot, they often added a bit of 
colormg matter and then exerted their gieatest skill, 
out of love for then ciaft, in blowing useful and orna- 
mental objects 

During these years glass furnaces weie also estab- 
lished elsewhere in New Jersey and New York They 
turned out glassware largely similar to the products 
of the Wistar manufactory It was stuidy and substan- 
tial, yet gi aceful and well-balanced 

The most beautiful glass in America was made by 
Wilham Henry Steigel at Mannheim in Pennsylvania 
Steigel, a German, came to Ameiica in 1750, and is 
frequently referred to as “Baron” Steigel, although he 
was not a nobleman He was something more important 
— an energetic and couiageous American who made a 
great artistic and technical contribution to his adopted 
country 

Believing that theie was a need foi fine glass in 
America, he constructed a large glass plant at Mann- 
heim and then went to Europe where he selected and 
brought back to America from many countries experi- 
enced glass workers including cutters, engravers, 
gilders, and etchers as well as blowers The first run 
of glass was made in 1765, and, though evei 3 d;hing 
seemed to pomt to success, the geneial depression pre- 
ceding the Revolution, coupled with Steigel’s personal 
extravagances, caused the enterprise to fail 

In 1784, the struggling glass mdustry in America re- 
ceived a stimulus to new life when 82 experienced glass 
workers left Biemen, Germany, and came to America 


'i 


i 





Couridsy Pittsburgh Plate Glass Company 

Cylinder process of sheet-glass making, ultimate re- 
finement of the old blow-pipe method. The cylinders^ 
here about 30 feet long, are blown by compressed air 


They set up a glass works at Fredeiick, Maryland, but 
the business soon collapsed The failure of this venture 
and of Steigel’s ambitious glass-making enterprise 
testifies to the great difficulties that faced the mfant 
glass industry m the newly established United States 

Many of the German glass workers who had lost their 
jobs when the Maryland attempt ended, found work in 
glass plants that weie springing up in the coastal cities 
oi; they crossed the Alleghanies to obtain employment 
m the glass furnaces being elected in Ohio, western 
Virginia, and Pennsylvania On a hillside along the 
Monongahela River near Pittsbuigh, Major Isaac Ciaig 
in 1797 came upon an outcropping of coal This discovery 
was of great importance to the futuie of the glass in- 
dustry because it meant that coal would gradually 
supplant wood as fuel foi the glass furnaces Craig and 
James O'Hara constiucted an eight-pot window and 
bottle glasshouse near the coal bank, and thus started 
the great Pittsbuigh glass industry 

THE 19TH CENTURY— The opening of the 19th Cen- 
tury m the United States, then, found the glass mdustry 
small and weak, struggling against great difficulties for 
survival There were many reasons for this lack of suc- 
cess Most important was a dearth of sufficient trained 
workmen Another reason was the lack of loads m good 
enough repair to permit the safe distnbution of glass 
products There were no railroads in those days and 
tU highways were far from smooth Strong competition 
from Europe and heavy domestic taxation on glass ar- 
ticles were additional factois working against the in- 
dustry. 

The 19th Century was characterized in America and 
Europe by the mechanization of productive techniques 
and the glass mdustiy was caught up in the general 
tide Throughout the eastern states, glasshouses multi- 
plied, turnmg out household glass and wmdow panes 
Denung Jarves, founder of the Boston and Sandwich 
Glass Company, set out to solve the seciet, hitherto 
bj|ffimg to American glass makers, of compounding 
red lead or litharge which was necessary m order to 
manufacture ciystal glass or lead flint capable of being 
cut in the English manner In 1827, Enoch Robinson in- 
vented the first ciude pressing machine which was at 
once improved by Jarves The invention was perfected 
by 1838 and pressed glass became popular throughout 
the country, although it did not become a familiar 
household commodity until about 1845 By that time 
America was exporting these machmes to all the glass 
centers of the woild The circle was closing America, 
which only recently had been compelled to import its 
glass ciaftsmen from Europe, was now letuming to 
the old world an improvement that was to become char- 
acteristic of its development — a machine to speed pro- 
duction and feduce costs 

SHEET GLASS — From the earliest days the major use 
of sheet glass has been in wmdows, and from the time of 
the Roman empire down to the beginning of the 19th 
Century the method of its manufacture lemained essen- 
tially unchanged Known as the crown method, it con- 
sisted of fiist blowing a hollow glass sphere with a 
blowpipe To this a punty — an iron rod used to manipu- 
late hot glass — was attached opposite the blowpipe 
which was then removed, leaving an opening in the 
globular mass Aftei being heated until it was very soft, 
the ball was rotated rapidly until centrifugal force 
caused it to flatten out into a disk It was then removed 
from the punty, annealed, and cut into small sheets At 
the center of every sheet was the “crown” or “bull’s 
eye” Only small sheets of glass could be fabricated 
by this strenuous process 

The crown method was entirely replaced in the early 
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n NE da\ the man in tharji^e (jf research at 
Corning called in the man v\ ho writes 
these advcrtiscmcnth 

I think wc’rt making a mistake in our ads,” 
lie said ^4n these ciitual times, we should 
rciiuiid people that glass is a basic raw ma- 
tt iial and that Corning makes many, many 
(lifTtient glasses for man) different kinds of 
jobs ” 

U sounds almost unbelievable, but Corning 
lias developed more than 25,000 glass form- 
ulae fvery day chemists pour widely vary- 
uig raw mateiials into rough clay crucibles 
to obtain more types of glass 1 he results 
•ne to the glassrnaker what seedlings arc to 


nurser)mcn Some are distarded Some are 
used Some are combined to achieve the 
sought-after formula 

This patient labor has led to such remaik- 
able discoveries as the F'yrex brand heat re- 
sisting glasses It has produced glasses of a 
hardness that compares with steel It has 
produced crystal as clear as dew 
Corning is able to help in the war because 
Its hundreds of research people are backed 
b) over three-quarters of a century of ex- 
peiience m the hands of glassworkcrs y 
who understand the possibilities of W 
this wonderfully versatile material M 
Maybe you can turn some of this «U 


knowledge and skill to a profit when your 
peace time plans reach ihc blueprint stage 
r orning (.lass Works, IXpt Corning, 

Nvw York 



means 

Research in Glass 
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years of the 19th Centuiy by the hand cylinder tech* 
nique. This consisted of gathering from the tank enough 
molten glass on the end of a blowpipe to make a cylm* 
der from 15 to 20 inches m diameter and from 50 to 70 
inches long When the blower had formed a cylinder 
of fairly uniform surface thickness, the ends were re- 
moved and the cylinder split and placed in a heating 
oven where it was softened and flattened with a wooden 
tool or hoe After passing through a lehr (annealing 
oven) , the glass was cooled and cut into required sizes 
Great labor and considerable skill was required in 
makmg window glass by this slow process 

Up to the end of the 19th Century nearly all window 
glass was made by the hand cylinder method Mechani- 
zation began when J H Lubbers introduced a machine- 
blowing process In his machine, molten glass was 
poured from a ladle into a drawing pot A circular metal 
bait about t^n mches in diameter, on the end of a blow- 
pipe, was dipped into the surface of the melt By with- 
drawing it slowly by means of an electrical hoist and 
applying caiefully controlled compressed air, a continu- 
ous cylinder was formed to a height of about 40 feet 
and approximately 30 inches in diameter The subse- 
quent work of splitting, flattening, annealing, and cut- 
ting were the same as in the hand cyhnder method 
The production rate, however, was highei because the 
cylinders were far larger and could be blown with 
greater speed 

But the great need in the production of window glass 
was a contmuous method of manufacture The undula- 
tions and waves in window glass, the principal causes of 
distorted vision, could not be eliminated as long as the 
manufacturing process involved the flattenmg of glass 
cyhnders The problem was solved in the United States 
and abroad almost simultaneously 

Emile Fourcault invented in Belgium a practicable 
machine for the continuous production of sheet glass, 
relatively free from waves In America, Irving W Col- 
bum invented a similar machme that was put into use 
in 1917 m Charleston, West Virginia, by the Toledo 
Glass Company, later merged with the Libbey-Owens 
Sheet Glass Company The Fourcault process wa;^ in- 
troduced in America in 1923 by the Blackford Window 
Glass Company About that time a third continuous 
process was developed by the Pittsburgh Plate Glass 
Company 

A GREAT INDUSTRY — The fact that these automatic 
and continuous methods of manufactui mg sheet glass 
had been developed at the cost of much laborious ex- 
pel iment and the investment of millions of dollars 
meant that glass manufacturing had grown in the early 
decades of the 20th Century to be a great American in- 
dustry Its emergence as one of the giants of American 


mdusirial development was the result of the rapid 
growth of a number of American glass-making com- 
panies lead by energetic and mtelligent men Some ac- 
count will be given later of the start and growth of the 
organization that is now the Pittsburgh Plate Glass 
Company There Were others of equal importance in 
the rise of American flat glass manufacturmg. Out- 
standmg among these is the Libbey-Owens-Ford Com- 
pany of Toledo, Ohio. The three men whose names are 
perpetuated in the company name were leaders, each 
in a different way, in the development of the American 
glass industry Edward Drummond Libbey was a New 
Englander who moved his small glassworks from East 
Cambridge, Massachusetts, to Toledo m 1888 He was 
one of the most skilful and artistic producers of cut glass 
and his work was extremely popular durmg the nine- 
ties when cut glass was greatly in demand 

Son of a West Virgmia miner, Michael J. Owens was 
a glass blower and labor representative m the Libbey 
factory He later became superintendent and invented 
the Owens bottle machine in 1899 The third man who 
contributed greatly to the development of the present 
company was Edward Ford, son of Captain John B 
Ford, America’s pioneer plate-glass manufacturer Ed- 
ward Ford retired as president of an eastern glass works 
in 1896 and resolved to establish a glass works of his 
own He saw in Toledo an ideal location for a glass fac- 
toiy, and he purchased 173 acres on the Maumee River 
where he estabhshed the model town of Rossford for his 
Employees and constructed what was then the largest 
plate-glass plant under one roof m America It had 
a capacity of six million square feet a year This output 
was latei doubled and is now many times greater These 
three pioneering leaders of the glass industry died 
between 1920 and 1925 and their companies were merged 
in 1930 

PLATE GLASS — The same difficulties that made the be- 
ginnings of the sheet and household glass industry in 
America hesitant and precarious also attended early 
ventures in the manufacture of plate glass In 1850, an 
attempt was made to establish American manufacture 
of plate glass on a stable and successful basis A com- 
pany was formed, certain European patents obtained, 
and a factory was built at Cheshire, Massachusetts The 
business was later moved to Brooklyn where it faltered 
and died in 1856 

Another group founded a plate-glass factory at Lenox, 
Massachusetts, importing for the purpose the best for- 
eign equipment and utilizmg the most advanced Euro- 
pean techniques Excellent plate glass was produced, 
equal to the best imported from Europe Nevertheless, 
this company failed in 1871 Failure was also the lot 
of a plate-glass enterprise started in New Albany, 



Mixing a batch 
of glass ingred- 
ients in an 
old-time glasshouse. 

Right* In a 
modern Rausch and 
Lomb optical 
glass plant, the 
batch is 

accurately weighed 
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LENS COATING means EVEN 
FINER Wollensak Lenses . . . 

A major wartime achievement in the field of 
optical glass, lens coating will increase the light* 
transmission quality of many postwar Wollensak 
lenses. 

When you see the guarantee, “This instru- 
ment has COATED OPTICS” on your new 
Wollensak Photo Lens Prism Binocular, Ram- 
bler Field Glass, or Vari-Power Scope, you’ll 
know your lens will give sharper, more brilliant 
images . . . help you get more fun from sporting 
events, hunting trips, vacation travels. 

After the war Wollensak instruments will 
again be available for sports lovers . . . offering 
many new, improved features achieved ' by 
Wollensak skill and experience in precision 
manufacture. 
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Indiana, by Captain Ford. But Ford, who had made an 
mtensive study of glass makmg m America and abroad, 
was convmced that plate-glass making m America had 
a future With others, he formed the New York City 
Plate Glass Company, and m 1880 constructed a factory 
m Creighton, Pennsylvania This enterprise later became 
the Pittsburgh Plate Glass Company and the factory at 
Creighton is now known as Works Number One of that 
corporation 

Reahzmg that the success of the company depended 
upon attaimng economy of operations through mass pro- 
duction, its directors energetically commenced the de- 
velopment of machinery for large-scale manufacture 
This development m tyirn led to a tendency to recon- 
struct the entire glass-making method itself Until this 
time, American plate-glass makers had followed Euro- 
pean processes and had used European machinery 
either ready built or made from foreign specifications 

One of the first problems tackled by the Pittsburgh 
company soon after 1895 was the development of a con- 
tinuous process for the manufacture of plate glass The 
method then in use consisted of melting the raw mate- 
rials m pot furnaces, pouring the molten glass on water 
cooled tables made of cast iron, and hand rolling it flat. 
After these operations, the sheets of glass were manu- 
ally transferred to fixed lehrs and later transferred again 
by hand to the fixed grinding and polishing lathes This 



Courieey Piiuuurgh Plate Olasa Company 

Forming m glass cylinder by lung power, the only 
method used up to the end of the 19th Centnry* The 
helper at the right assisted in handling the cylinder 


method was time-consummg Much labor and time was 
expended m the work of movmg the glass from pot to 
rollmg table, then to lehr, and later to grinding table 
The first step in improvmg this lengthy process was 
the invention of a rod lehr to replace the fixed annealing 
lehr, and in a short time this in turn was superseded 
by a continuous roller lehr which cut annealing time 
from a matter of days to hours 
There still remained, however, the laborious and 
time-consuming job of carrying the sheets of glass 
from the lehr to the grinding table and later to the 
pohshmg table The solution was found in the installa- 
tion of conveyor lines A moving belt of metal table tops 
was arranged to convey the glass under rotating, grind- 
mg, and pohshmg disks, thus making it possible to 
gnnd and polish the glass in a continuous mannei 
Durmg the years between 1900 and 1920, the contmu- 


olis cbnveyor system for both lehrs and finishmg proc- 
esses was constantly improved This was achieved by 
further mechanization of the mtermediate transfer 
steps, increases m the size of i>ots, enlargement of the 
capacities of lehrs, as well as improvements m grmdmg 
and pohshmg abrasives and m the manner of pouring 
the melt from the pots 

One gap remamed, however, to prevent a continuous 
mechanical production line from raw material to finished 
product This occurred at the point where the molten 
glass was poured from the pots to the iron tables to be 
rolled mto sheets In 1921, this gap was bridged Now 
plate glass is melted m large continuous tanks and flows 
from the refinmg end through a gate over a wide spout 
m a continuous stream, passmg downward along an in- 
chned plane between two water-cooled rollers It 



I Plate glass polishing in the 1800*t. Weighted felt buf- 
fers were used and the whole surface of the glass was 
cohered with rouge and water* The table reciprocated 


emeiges as a flat ribbon of unifoim thickness and width 
and IS pulled by multiple rollers through the lehr It is 
then cut and inspected before passing mto continuous 
grmdmg and polishing machines 
Continuous mass-pioduction methods of manufactur- 
ing plate glass peimit an enormous output to meet the 
demands of the modern world for clear, strong, trans- 
paient glass Plate glass, once a rarity, is now used 
every wheie Prioi to 1889, about ten days were required 
to make a piece of plate glass fiom raw materials The 
time has now been i educed to 22 houis aftei the raw 
mateiials entei the glass- makmg plant The gieatest 
size of the sheets is about 127 inches by 286 inches, 
while the range of thickness runs from Vs inch for 
automobile glass to IV 4 inches for the heaviest plate 
glass 

CONTAINER GLASS~~Dui mg the years of growth of 
the sheet- and plate-glass industry in the United States, 
the manufacture of glass containers was also growmg by 
leaps and bounds The power behind this growth was 
the mechanization of the glass blowmg piocess In 1838 
a four-ounce cologne bottle made in a glass factory for 
the Reeves Drug Store in Boston was first blown m a 
clay mold and then stuck up on a punty, the shoulder, 
neck, and finish bemg shaped by the blower with a pair 
of shears, the bottle being reheated several times at the 
furnace while this was being done A day's work for the 
blower was 216 bottles and his workmg day lasted 12 
or 14 hours Today glass blowers turn out as many 
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Univis is now in a position to discuss precision optical 
dements with manufacturers whose jxistwar products will 
call for their use In many cases Univis technicians will 
be able to help in the development of such pioducts. 

Mirrors, spherical lenses and prisms of every desired 
type and size, ground anel polished to the most rigid 
standards of precision, will be available All can be sup- 
plied with the newest type low-reflection coating if desired. 


Just as with Univis multifocal ophthalmic lenses, the 
l^c’rfcction of Univis optical elements can be largely 
credited to the traditional Univis habit of precision, com- 
bined with craftsmanship which is unsurpassed in the 
optical manufacturing industry. 

Get in touch with Univis for counsel or collaboration 
on your postwar manufacturing plans 

BUY MORE EXTRA WAR BONDSl 


Univis 


INSTRUMENT LENS DIVISION 
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bottles m about three minutes, using modern methods 

Mechanization of bottle making received great impetus 
m 1882 when Philip Arboblast of Pittsburgh invented 
the first press and blow machme His conception was 
later improved in the Teeple-Johnson machine which 
employed two turrets each cairymg three molds Still 
later developments lead to fully automatic press and 
blow machines of all kmds A typical machine now In 
use has 12 blank and 12 blow molds all on one table 
which IS operated mechanically Compressed air actu- 
ates a plunger and a vertical camshaft operates timing 
valves 

Anothei of the eaily steps toward complete mecha- 
nization of bottle making was the suction or vacuum 
gathering device invented in 1899 by Owens This was 
first installed on a machine havmg six arms, each 
equipped with a mold which, when placed over the rim 
of a revolving pot of glass, obtained its charge by suc- 
tion The gather was cut off by a shear shdmg across 
the lower end of the mold Individual dip machines with 
ten sections were latei developed In these, mstead of 
havmg the whole machine raise and lower itself each 
time a mold was dipped into the pot, the individual 
blank mold was lowered as it passed over the pot, much 
as a horse dips its nose into a watering trough Although 
many improved models of the Owens machine have 
been brought out in recent yeais, the fundamental 
prmciple remains unchanged a fixed amount of molten 
glass is gathered by suction This kind of machine is 
used to produce about 30 percent of the glass contamers 
made m this country and it has been adapted to manu- 
facturing bulbs and tumblers A latei development was 
the “gob’’ feeding device of Peiler, an improvement on 
the Brooke flowing device invented in 1903 It delivers 
a large charge of molten glass of predetermined weight, 
size, and temperature 

In the manufacture of glass specialties, such as 
tumblers, bowls, and tableware, mechanization, starting 
with the old side-lever press, proceeded rapidly until 
today fully automatic machines aie used in conjunction 
with a continuous melting tank, a mechanical feeding 
device, and an automatic “take-out” for removing the 
ware 

Anothei contribution to the inci eased productivity 



OouriMy oommg Oiatta works 


At left, the **gaffer^* (finisher) has blown a bubble of 
molten glass and is shaping it preparatory to the final 
blowing operation in the mold, as in picture at right 



A newer method involves easting pot material in mold 


of glass manufactui ing was the development of the 
paste-mold blowing machine which can turn out as 
many as 120 40-watt bulbs or 40 tumblers a minute 
^^ut the last word in automatic glass working machineiy 
Is achieved by the remaikable ribbon machme de- 
veloped by the Coming Glass Woiks, primarily for the 
^Atianufactui e of electric light bulbs Speeds of 400 to 600 
bulbs per minute are common and production has been 
raised at times to 700 per minute 
The Coming Glass Woiks had its beginning in Sum- 
mei field, Massachusetts, in 1851, operated in Biooklyn, 
New Yoik, for a few yeais in the early 1860’s, and 
moved to Coinmg, New York, in 1868 One of its eailicst 
advertising signboards modestly proclaimed that it 
Manufactui ed “plain piessed and moulded glass-ware of 
every description ” By 1879 the Corning plant was pro- 
ducing thermometer tubing, laboiatoiy supplies, and 
railioad signal glass That it had an impoitant hand in 
eaily research and expeiimental woik is evidenced by 
the fact that in 1879 a glass bubble was blown foi 
Thomas A Edison, staitmg the pioduction of incandes- 
cent lamp bulbs which culminated in the automatic 
machinery described above 

From Corning has also issued much of the heat-ie- 
sistmg glasswaie so important in industrial and laboia- 
tory processes, and equally valuable to the modern 
housewife in the form of glass cooking utensils Then 
research facilities have contiibuted largely to the pio- 
duction of, other glass specialties such as toughened 
glass, glass fiber, and so on In 1934 Corning successfully 
tackled the largest single job in the history of glass- 
making — the casting of the 200-inch lefi actor for the 
giant telescope which, post-war, will make Mt Palomar 
the Mecca of astronomers 

OPTICAL GLASS — While the sheet-, plate-, and con- 
tamer-glass industries were growing into maturity in 
the latter part of the 19th and early part of the 20th 
Centuries, another important branch of glass technology 
was strugglmg to get started in Ameiica This was the 
manufacture of optical glass 
Eight years before the thunder of the cannon at Fort 
Sumter announced the beginning of the bloodiest war in 
young America’s history, two German lads who had left 
their native land to find greater freedom and prosperity 
in the new world, decided to go into the business of 
manufacturmg eyeglasses m Rochester, New York. They 
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How many of these do you own ? 


If you look under your car, you’ll probably 
find a couple of gadgets something like this 
one. 

They’re shock absorbers. 

They take the sting out of sudden bumps 
and jolts. They make a rough road 
smoother 

And if you're wise, somewhere in your , 
desk, or bureau drawer, or safe deposit box, 
you have a lot more shock absorbers. Paper 
ones. War Bonds. 


If, in the days to come, bad luck strikes at 
you through illness, accident, or loss of job, 
your War Bonds can soften the blow. 

If there are some financial rough spots in 
the road ahead, your War Bonds can help 
smooth them out for you. 

Buy all the War Bonds you can Hang on 
to them. Because ifs such good sense, and 
because there’s a bitter, bloody, deadly war 
still on. 


ff^ALLTHB BONDS XOU CAN... 
K§eP ALL THB BONDS YOU BUY 


SCIENTIFIC AMERICAN 


This is an otRcisi V S 


n»asurr advertisement— prepared under auspices of Tireasury Department and War Advertising Counal 


SCIENTIFIC AMERICAN 


147 



were John J. Bausch, a trained optical worker, and 
Henry Lomh, an ambitioiis young cabinet maker. The 
business grew rapidly even though Henry tomb took 
time off to fight m the Civil War where his bravery and 
intelligence caused him to rise from the rank of private 
to captain By 1875, the demands of the business required 
the construction of a three-story factory building, and 
in the same year Bausch’s three sons, Edward, William, 
and Henry, enteied the firm Of these, Edward was most 
active in developing the manufacturmg of optical instru- 
ments, and at his death m 1944, after 69 years of service 
to his company, was regarded as one of the foremost 
authorities on microscopes in America One of his out- 
standmg achievements was the pioneering m the ap- 
plication of mass-production techniques in the manufae- 
ture of precision optical instruments. 

In this he had great success, and his success meant a 
healthier, more prosperous, and more enlightened 
America A measure of his contribution can be found in 
the fact that six years before Bausch and Lomb began 
the manufacture of microscopes, in 1870, there were only 
50 in the United States, sixty-five years later Ekiward 
Bausch presented to the University of Michigan the 
250,000th microscope made by Bausch and Lomb When 
this company made its first microscopes, a good one cost 
about $1000 Within a few years, Bausch and Lomb were 
makmg a superior instrument that sold for less than 
$200 

The outstandmg achievement of William Bausch was 
hi8 work m teaching America how to manufacture opti- 
cal glass. Until the outbreak of World War I, virtually 
all the optical glass used m America was, imported from 
Europe where the exactmg techniques of its manufac- 
ture were closely guarded secrets The attempt of 
Charles Feil, great-grandson of Pierre-Louis Guinand, 
to manufacture optical glass m America had fizzled out 
at the turn of the century and had not been tried by 
others. 

As early as 1912, William Bausch realized how impor- 
tant it was to make optical glass in America in the 
event that a European war cut off importations, which 
by that time had swelled to considerable volume He 
devoted nearly all his time to the problem of manufac- 
turing high quahty optical glass Labormg with a few 
enthusiastic assistants William Bausch pushed the work 
forward despite difficulties and discouragements Great 
progress was achieved, however, and by the end of 1916 
he and his co-workers produced the first large quantity 
of optical glass made in America It was used m several 
hundred high-priced anastigmatic photographic lenses of 



Oourtaey BaiiMh uid 

A handl truck of the vintage of 1917, uted for hand- 
ling optical glaM pots, required services of seven men 


a type previously made icmly frcmt the best imported^^ 
glass: ‘ ^ V’'* 

Ihe United States Bureau of Standards, the Piti^ ' 
burgh Plate Glass Company, as well as a number 
other glass makers, had produced small expeiimentdl 
quantities of (^tical glass prior to World War L When 
that event occurred, American production of large quUn<7 
titles of optical glass became imperative. It was needed 
for artillery range finders and many other military pur- 
poses. The government mobihzed the best glass-making 
brains in the country, as well as authorities on the prop- 
erties of light, and sent them to Rochester where, in 
collaboration with Bausch and I^omb, production of op- 
tical glass was enormously mcreas^. By the end of 
the war, Bausch and Lomb had produced 450,000 of the 
total of 650,000 pounds of optical glass made for mih- 
tary purposes. 

SPECTACLES, PLUS— Back m 1831, William Beecher, a 
jeweler decided to go into the busmess of manufacturing 
Spectacles m the little town of Southbridge, Massa- 
chusetts. From this modest beginning grew an mdustry 
that was to make this small town mto one of the great 
optical centers of the world. For 30 years Beecher^s 
busmess grew slowly, reaching an important milestone 
in progress when, in 1864, George W. Wells joined with 
him as an apprentice By 1869, through the mitiative and 
vision of Wells, the business was incorporated under 
the name of American Optical Company. To the work 
of the company Wells apphed modem production meth- 
ods and changed the manufacture of spectacles from a 
slow hand operation to what is today a speedy machme 
process. 

In 1891, three sons of George W. Wells — Chanmng, 
Albert, and Cheney— entered the service of American 
Optical Company and ably forwarded its activities until 
they now span the entire nation and its products m- 
clude not only eyeglasses but innumerable types of pre- 
cision optical instruments It may seem odd that this im- 
portant company in the optical field makes no glass on 
a commercial scale Yet its influence on optical glass 
practice has been enormous From its research labora- 
tories have come a broad range of improvements and 
developments m glass technology and applications To- 
day all the glass used by American Optical Company is 
made to its specifications by Pittsburgh Plate Glass 
Company 

Side by side with American Optical, in point of time, 
grew the Spencer Lens Company, which had its gene- 
sis m the work of Charles A Spencer who, about 1838, 
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♦ , , and Learn Moff About This Great Advance in 

SYHCHKO HASH PHOTOGRAPHY! 


Whether you are a professional or amateur photog- 
rapheror photographic dealer, you will want a copy 
of this booklet so as to be more completely informed 
on this latest and greatest advance in synchro flash 
photography— the New Hex Acme Synchro Shutter ! 

Containing full information on what this new ’ 
shutter does and ho\lv it does it, and amply illus-< 
trated with explanatory photographs^ it will show 
you why there is so much enthusiasm by users 
of this shutter all over the cotmtry. 


When you understand that here is a shutter that 
synchronizes perfectly with all flash bulbs, and 
high speed flash lamps as well... that it maintains 
perfect synchronization under all conditions... that 
It uses batteries only for firing the fiash bulbs and 
not for tripping the shutter... that it cannot fire 
the flash bulbs unless the synchro lever has been 
set— you'll realize what a real advance it represents. 

So, send for your free booklet on the new Ilex 
Acme Synchro Shutter today. 


lltx facslttus art dtvettd tntirtly to wat work finttl Vutory is won. Tbt ntw Ilex Acme Synchro 
Shutter, ellustrated above, is avatlahle on priority , Get tn touch with your photographic dealer. 
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set out as a manufacturer of telescopes and micro- 
scopes For many years, with the assistance of Robert 
B Tolies and later of his son, Herbert R Spencer, he 
pioneered m the design and manufacture of fine micro- 
scopes jand microscope objectives, brmging to America 
a leadership in this branch of science in which glass 
plays so gieat a part 

Spencer Lens is linked here with American Optical 
Company because, in 1935, the Spencer organization was 






Courteay Pittsburgh Plate Olasa Oompany 
(bating plate glass by tlie old pot method. The molten 
glass was conveyed by a crane from the furnace, 
dumped on the metal table top, and flattened. Modern 
plate IS manufactured In one continuous operation 


added to American Optical in oidei to lound out the 
line of ophthalmic and optical products, and, m 1945, 
became known as the Scientific Instrument DiVision of 
the American Optical Company 

GLASS TODAY — The yeais immediately pieceding 
World War II saw the uses of glass proliferating at an 
astonishing rate, spreading into every phase of Ameri- 
can life Factory and office buildings, homes, schools, 
theaters, and stores were erected in which glass in some 
form or another took the place of opaque walls of 
masonry Glass block was used m walls and partitions 
and colored glass in facades, windows were of double 
glass and plate glass, while tempered glass doors and 
skylights and partitions of fire-resistant wiie glass all 
came to be more and more widely employed The use of 
great expanses of plate glass in shops and other retail 
outlets revolutionized the art of merchandise display 
and store design during the decade of the 1930*s Shat- 
ter-proof glass came into wide use in modern automo- 
tive vehicles, reducing the danger of serious injuries 
from flying glass in accidents In the home, heat-proof 
glass cooking utensils added a new dimension to com- 
fortable living 

In electricity, also, glass has found many uses Be- 
cause it IS a homogeneous, non -porous mateiial, smooth, 
hard, and highly resistant to weathering and other kinds 
of chemical attack, and at the same time possessing 
high electrical resistivity, it has found wide application 
in high-tension insulators Then there is that staple 
of modem civihzation, the incandescent lamp Millions 
upon millions of them are in use, all made of glass One 
company alone, the Corning Glass Works, manufac- 
tures at least. 880 different sizes and shapes of bulbs 
The growing popularity of fluorescent lamps and neon 
tube lightmg has caused an increase in the manufacture 
of glass tubing, specially designed for this kind of il- 
lumination In medicine and industrial research the 


uses of glass apparatus are virtually limitless Much of 
this glass equipment is individually designed and manu- 
factured for specific tasks. 

Fiberglas, as manufactured by the Owens-Coming 
Fiberglas Corporation, is a form of glass that can be 
bent like rubber, twisted like thread, squeezed like a 
sponge. It has high temperature resistance and also re- 
sists the corrosive effects of acids It is finding wide use 
in industry as an insulating material while in medicine 
it is speeding the treatment of dangerous burns and 
other injuries 

Another development of recent years, Polaroid glass, 
a product of the Polaroid Corporation, has found ap- 
plication in many forms to protect human eyes from the 
harmful effects of glare 

THE WAR AND AFTER—Amenca’s entry into World 
War II expanded enoimously the demand for optical 
glass and glass for scientific and medical purposes 
Shortage of metals for food containers caused food 
packers to turn to glass for packaging their greatly in- 
creased output of prepared foods A nation hell-bent on 
victory gardening and home canning demanded glass 
containers The industry met the test 

War-time production of optical glass at the Bausch 
and Lomb plant shot up to 1200 percent of the pre-war 
level Since Pearl Haibor, five million pounds of optical 
glass has been made there, consuming upwards of 31 
million pounds of sand and other raw materials From 
this glass has been produced over 100 million pressings 
for optical elements They have gone into an immense 
variety of instruments used in the armed forces of the 
United States and her allies 

The flat-glass section of the mdustiy has been turning 
out buUet-resisting glass for tanks and planes The 
manufacturers of all kinds of glass containers produced 
far more bottles and jars than they ever had thought 
possible Glass containers weie put to an increasing 
variety of new uses, and many of these uses will stick 
even when materials now scarce are available once 
>again 

When the war finally ends, the glass industry will 
stand at the beginning of a period of unlimited expan- 
sion In the 20th Century the difficult problem of glass 
production on a laige scale has been overcome, and in 
the future, glass, m many new and more durable forms, 
will come into its own America is on the threshold of an 
age of brightness, an age of cleanliness, an age of glass 



Drawing giant tubing by hand, a method ttill in use 
for certain drawing jobs. The man in the center 
*Tans’* the glaat to cool and prevent it from sagging 
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Cutting Oil Comes Back 


Plain Water, Water-and<Oil Mixtures, and Straight Oils All Have 
Helped to Speed Machining Processes ond Make Them More Accurate 
Every Time Tool Materials Changes Seemed to Point to the Possibility 
of Eliminating Cutting Oils from the Machine, It Was Found thot 
Better Work Could be Accomplished by Keeping Them on the Job 


O NE OF the fondest hopes of 
many machine-tool designers 
and tool-materials metallui gists has 
been to get iid of any need for cut- 
ting oil, or at least to reduce it to 
the ranks as a mere “coolant ” 

No machinist ever has genuinely 
wanted the stuff on his machine 
Back m 1880 when Taylor (the 
father of methods engineering) 
cooled the carbon-steel tools on a 
lathe by flowing a stieam of cold 
water on them, his idea was called 
a “stunt” and a “threat to the ancient 
ait of machining” The trouble with 
the objections was that Tayloi man- 
aged to increase machining speeds 
by 80 percent when he cooled his 
tools And, of couisc, no manufac- 
turer could run machines at any 
slower speeds than Taylor did and 
lemain in competition 
High-speed tool steels came along 


in the early 1900’s Here were tools 
that would stand much higher cut- 
ting temperatures than the old car- 
bon steels In fact, the high-speed 
alloys were inferior to carbon steels 
unless the cutting speeds and 
stresses were higii enough to gener- 
ate working temperatures above 
those which carbon steels would 
stand 

Quite a few tool engineers lead 
coolants out of the picture light 
then and there, but then hopes 
weie short lived High-speed steels 
would do plenty without coolants, 
but would do ten times more with 
them 

In the meantiffie, tool engineers 
had been experimenting with cool- 
ants They mixed soda with the 
original plain watei and cut down 
the rust problem which the water 
had brought to the machines and 


the finished work They tried lard 
oil and found that any oil which 
contains fat, whether made from 
animals, vegetables, or synthetically 
from coal or petroleum, would do 
wondeis in helping the tools to cut 
shai pel threads, more intricate 
foims, and smoother surfaces in 
general Nobody knew why the 
fatty oils had this quality for mak- 
ing machining more accuiate, and, 
stiange to say, nobody yet knows 
But the fatty oils enabled machines 
to do bettor woik at higher speeds, 
and they stayed in the machines 
During Woild War I the cobalt 
alloys foi cutting tools came into 
common use Heie were tools which 
did their best woik when red hot 
In fact, their one fault was that they 
were too brittle until they reached 
led-hot temperatuies And when, m 
the 1920’s, the tungsten and the 



Cutting oils of 
oll-oround types 
work with nearly 
any fpol ond 
increose'^ the yer< 
sotility of the 
versatile turret 
Iqthe 


A flood of emul- 
sion forces out 
chips, improves 
finish, holds oc- 
curocy high, and 
increoses the 
work speed 
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tantalum carbides (which would 
work when either cold or red hot) 
came m, cuttmg oils seemed to be on 
their way down if not out 

CHATTER- FREE — Machine-tool 
makers again got ready for a brand 
new era. They made their machines 
stiffer because the carbide tools will 
break if heavy cutting loads cause 
the vibration known as chatter. 
They sought out the causes of chat- 
ter, found that it always vibrates in 
the sonic frequency of some part of 
the tool mountmg or of the ma- 
chine They used stiffer metals here, 
higher accuracies there, ribs and 
reinforcements m other places But 
strengthen as they would they still 
found that machine tools could be 
chatter- free at higher speeds and on 
tougher jobs only if they used cut- 
ting oils So thoroughly was this 
learned that the Carboloy Company 
(makers of tungsten carbide tool 
tips) has issued some of the most 
informative and intelligent data on 
how to feed cutting oils to the 
points of work. 

Cutting oil was still proving its 
case, all right But the users of car- 
bide tools seemed to need only wa- 
ter mixtures of it, with the mixture 
often containing only one part of 
oil to 20 or even 80 parts of water, 
100 to one mixtures were not un- 
known As had been the case with 
Taylor away back in 1880, it was 
the water which did nearly all of 
the cooling Oil and a few chemi- 
cals were in the mixture mostly as 
rust preventives, a thin film of the 
oil would cling to the finished work 
pieces and prevent them from cor- 
roding while m storage waiting for 


the next operationi on them, and 
this same oil would protect the ma- 
chine 

Grinding increased in use as a 
secondary operation also. A high 
proportion of finished steel pieces 
had to be heat treated to increase 
their hardness and toughness. It 
seemed easiest to machine them to 
quite accurate and fairly rough sur- 
faces, then harden them, and later 
grind them to remove not only the 
roughness left by the machining 
but also to correct any roughness 
and distortion imparted by the heat 
treatment Grindmg machines 
seemed to get along very well with 
coolant mixtures which started at 
40 parts of water to one of oil for 
the heaviest work and were made 
thinner as the grinding cuts became 
lighter. 

NEW FACTOR— All of this seemed 
to mean that cutting oils were be- 
coming mere coolants which could 
be bought on price and dismissed 
with a wave of a splash guard as 
seriofis factors m the world of ma- 
chine-tool operations But a new 
factor was coming into the picture 
Machine-tool users wanted to ma- 
chine harder and harder metals, 
at higher and higher speeds, and 
with greater and greater accuracies 

They soon were taxmg the new 
found strengths and power capacities 
of their machines to the utmost 
limits And then the cutting oils be- 
gan to repeat their oft told story 
Far tougher alloys could be ma- 
chined with them than without them, 
and at far higher speeds 

Machinists found that they could 
cut steels so hard and tough that 


for many purposes no further hard- 
enmg was ne^ed. But they still had 
to have their hi^ accuracies. They 
began using more of “straif^it” cut- 
ting oils (strai^t cutting oils are 
not mixed with water) and getting 
their accuracies. By 1940 many a fin- 
ished piece was being made more 
accurate in dimensions and with 
smoother surfaces on a lathe or an 
automatic screw machine than had 
been produced by hardening and 
grinding only a few years ago. 

This did not put the hardening 
furnaces and the grinding machines 
out of work The steel heat-treaters 
quickly pointed out that the distor- 
tion in hardenmg, and many an- 
other hardening trouble, could be 
reduced if the original machining 
was more accurate. They began the 
modem methods of **predicted dis- 
tortion” by which a piece that is 
machined very accurately to one set 
of dimensions can be so hardened 
and toughened that it will come out 
of the quenching tanks just as ac- 
curate but to slightly changed di- 
mensions. 

The grinders in turn showed that 
with more accurate original machin- 
ing and more accurate hardening of 
extremely hard and tough steels the 
grinding operations could be made 
to produce accuracies which were 
undreamed-of a few years ago 
After all, no outright metal cuttmg 
operation ever can attain the ac- 
curacies of grinding, lapping, and 
honing And, m addition, the grind- 
ers could grind more intricate 
shapes than had been previously 
considered practical, and could 
grind them at very high speeds 

It was this combination of ex- 
tremely hard and tough metals, ma- 
chmed to high accuracies, hardened 
to just pis accurate dimensions and 
then ground to exquisite accuracies, 
which brought the modem airplane, 
automobile, television transmitter, 
and machine tool into bemg 
Strength comes from toughness and 
hardness of material, but it is great- 
ly promoted by accuracies of dimen- 
sions and finishes Increase the ac- 
curacies and the sizes and weights 
can be reduced Light weight, so 
badly needed by some devices, 
comes largely from increasmg the 
strengths and thereby decreasmg the 
necessary sizes of ^eir parts. 

In studying ways and means for 
making their processes more useful 
the grinders found that they, too, 
needed better cutting oils. 

CONSTANT TEMPERATURE-The 

original water mixes of cutting oils 
for grinding had been based upon 
the belief that water, havmg more 
heat conductivity than oil, would 
keep the work cooler, and cooling is 
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In a test cell an ENGINEER studies the 
performance of a jet-propulsion engine that 
IS expected to produce greater thrust — for its weight 
— than any made in America 

. . the name on the J-P ENGINE ts tEesUnghouie. 




In a synthctu rubber plant a CHEMIST 
uses a mass spectrometer to analyze a complex gas 
mixture by sorting its molecules — reducing 
analyzing time from days to a matter of minutes 

thi name on tiu AI/ISS SPLCTROJ\IETE,R u lE’itttnghouse. 


High 111 the air a SCTEN’l'ISd' adjusts a 
fulchronograph whu h accurately records the intenuty 
and diiKition of thunderbolts — in the never ending 
study of improved protection against lightning 

thi nanK on th( FUL(JI IROXOGRJ PII ts ffi^itnghou^i 




In a refining plant a METALLURGIST uses 
an Ignitron* rectifier for the more efficient 
conversion of alternating to direct current — in 
producing vast quantities of aluminum 
for our war elTort. 


. the name on the IGNITRON RECWIFIER is 

Hhtinghouse. 


*li«B U S rat Off 



ouse 


TODAY — WestinghouHo war products are making vital contri- 
butions to final Victory over our enemies in the Far East 

TOMORROW — Peacetime products , hacked by Westinghouse 
research, engineering and precision manufacttirc will contrib- 
ute to greater efficiency in industry and better living in our homes 


Tune in JOHN CHARLES THOMAS - Sunday 2 30 pm, EWT, NBC • TED MALONE - Monday through Friday, 1145 am, EWT, Bluo Notwork 
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important If the work gradually 
mcreases its temperature as it is 
ground, then it also will increase its 
dimensions, with the result that 
when it cools agam some parts will 
have had more metal removed from 
them than others and the work 
will be inaccurate Grmding ma- 
chmes have means to compensate 
for this, but m spite of the best de- 
vices the most accurate grmdmg 
at the highest production speeds can 
be done only when the coolant is 
effective enough to keep the woik 
close to constant temperature 

Superior as the water mixes might 
be as coolants, the straight oils also 
had an advantage Their superior 
lubiicities (abilities to lubricate) 
cut down the friction between the 
grmdmg grits and the chips and 
the metal right at the points of 
work And it is more important to 
prevent heat than to remove it, 
smce some of the generated heat is 
sure to go into the work pieces and 
change their dimensions 

Straight cuttmg oils soon took 
over much of the thread grmding 
and extremely accurate form grmd- 
mg, and their use on less intricate 
shape grmdmg is being increased 
because fewer “grinding cracks” 
are produced with them Grmding 
cracks are fine fractures on the sui - 
faces of finished work They aie so 
tiny that a magnifying glass may 
fail to pick them out, but the mag- 
naflux test will find them, and they 
result in rejections of parts since 
they can cause those parts to fail in 
service 

While extra tough, extra accurate 
materials-machming was brmging 
back the cutting oils, plenty was 
happening in other and closely alhed 
fields 

It has long been known that at 
highest cuttmg speeds steel chips 
will actually weld themselves to 
tool steels There is plenty of rea- 
son why they should The tempera- 
tures at the heavy pressure areas of 
the chips on the tools can go well 
over 1000 degrees, Fahrenheit, with 
the pressures at those points m ex- 
cess of 400,000 pounds per square 
inch 

ANTI-WELDANTS - Nobody can 
prove tliat any oil does any actual 
lubricating at those pressures and 
temperatures But the cutting-oil 
makers put such anti-weldants as 
sulfur and chlorme products mto 
their oils and stopped the welding 
They found out that much of the 
welding had been invisible and un- 
detected, that tiny bits of the chips 
had welded themselves to tmy areas 
of the tools and then under the 
pressures of the moving chips had 
broken off those tool areas and car- 


ried them away The results had 
been rapid tool wear* 

With that chip welding stopped, 
cutting became more rapid and ac- 
curate Studies which still are going 
on will make it even better 

It was found that under extreme- 
ly heavy cuttmg pressures bits of 
some kmds of metal actually built 
themselves up on the cuttmg edges 
or “noses” of the tools These “built- 
up” noses do not do the cuttmg — 
the tool alloy still does that — but 
they cushion and protect the tool 
They also reweld themselves to the 
moving chips and are carried away, 
thus having to be replaced by moie 
build up 

Modern studies are showing how 
to apply cuttmg oils so that the 
build up always will be constant, 
always the exact amount which will 
best protect the tool, while main- 
tammg the highest cuttmg speeds 
and accuracies What the results of 
this research will lead to, nobody 
knows How soon the machmists and 
the cuttmg oil makers will make 
soluble oils do everything that 
straight oils are doing today, and 
drive straight oils on to new fields, 
nobody knows But cuttmg oils, once 
seemingly on their way out, are still 
m the picture and here to stay 


^ ^ m 


FIRE ALARM 

Can Warn of 
Incipient Danger 

Coming over the industrial hoiizon 
is a fire alarm which will detect a 
fire by the heat rays given off The 
alarm, as announced by the Na- 
tional Board of Fiie Underwi iters, 
can have its sensitive or detectmg 
element as much as 100 feet away 
from the file Once actuated by 
the heat rays it can sound an alarm 
bell, actuate a circuit which will 
wain the factory or the municipal 
fire department, or turn on a 
sprinkler head or shut off a machine 
to stop the danger 

Better still, such an alarm can be 
arranged to warn of incipient fires 
long before the blaze actually be- 
gins 

Radiant heat, especially if emanat- 
ing from a black body, can sun-burn 
a man even though the emanating 
object is cold enough so he can 
easily bear his hand on it And, 
from a great many objects, radiant 
heat may be detected long before 
they reach the combustion stage 
Bummg 18 a type of chemical 
change which can take place slowly 


at temperatures far below those of 
actual combustion The rate at which 
this change takes place m ordinary 
combustible materials doubles for 
just about every 18 degrees, Fah- 
renheit, of temperature The ap- 


Rote of chemical change inYolved 
in the burning of ordinary combusti- 
ble moterials, with ordinory room 
temperature of 68 degrees, Fahren- 
heit, taken as unity 


Degrees 

Rote Of 

Fahrenheit 

Increase 

68 

1 

86 

2 

104 

4 

122 

8 

140 

16 

158 

32 

176 

64 

194 

128 

392 

262,144 

pi oximate increase in 

this late IS 

shown in the table 


A chemical change 

of this type 

tends to generate heat 

as well as be 


pi omoted by heat — a phenomenon 
aptly illustrated by the well known 
spontaneous combustion of oil 
soaked rags 

As the temperature rises, the ten- 
dency of the material to be damaged 
by the chemical change also will 
use Therefore tempeiatuie alaims 
which are actuated by heat radia- 
tions or by any other means such 
as theimometer bulbs are highly 
valuable in protecting materials in 
stoiage, piocess materials in vats, 
and the like Moieover, the value of 
air conditioning in holding down 
damage to some stored mateiials is 
emphasized 

OIL QUENCHING 

Made More Controllable 

With Additives 

In the past, any engineer who had 
an exacting heat-ti eating operation 
to perform had his choice of two 
quenching mediums He could 
quench in water and get such rapid 
cooling that he wrecked the steel, 
or he could quench in oil and get 
too slow quenching for the results 
he wanted 

Additives mixed with the quench- 
ing oils are endmg this problem 
With them the oil can be given any 
coolmg ability (quenching speed) 
between that of ordinary oil and 
that of water, or can be made even 
slower than ordinary oil Moreover, 
the oil blended with additives is far 
more uniform in performance and 
lasts much longer without changmg 
its characteristics 
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PLASTICS 


Conducted by CHARLES A BRESKIN 


Plastics Sandwiches 


Lominated Structures, Made of Gloss Cloth Combined With Synthetic 


Resins, Hove Proved Procticol for Aircraft Sections. New Production 
Techniques Hove Been Evolved Which Presage Wide Use of these Gloss- 
Plostics Sondwiches in Mony Industriol and Domestic Applications 


A COMBINATION of plastics and 
glass broke into the news as a 
successful structural material a little 
over a year ago when engineers 
of the Air Technical Service Com- 
mand at Wright Field announced 
the development of an experimental 
lammated resm-impregnated glass 
cloth sandwich fuselage for a BT-15 
airplane But from the point of view 
of the Army Air Forces there was 
one outstanding objection — the part 
employed a balsa wood core 
In contrast to the British, who 
used a completely wooden sand- 
wich — a 7/16-inch balsa core faced 
with 3/32-inch birch plywood — for 
the DeHaviland Mosquito, the 
United States Army Air Forces 
have always considered wood a mar- 
ginal material for combat aircraft 
which must operate under extreme 
weather conditions Thus, with the 
wooden skin of the sandwich re- 
placed with impregnated glass cloth, 
there remained the problem of find- 
ing some material to substitute for 
the wooden core 

The primary function of a core 


material is to stabilize the thin high- 
strength faces of a sandwich struc- 
ture so that they develop a substan- 
tial portion of their ultimate com- 
pressive strength without buckling 
What was needed was a low-density 
synthetic core with adequate 
strength, low moisture absorption, 
and dimensional stability — a mate- 
rial whose density and properties 


were uniform and controllable in 
manufdctui e 

In the search for a core material 
which would meet these require- 
ments, the Air Technical Service 
Command at Wnght Field carried 
out a series of tests on a vaiiety of 
cores which fell under the following 
eight general classes 

1 Foamed thermosetting (pheno- 
lics, ureas, oi copolymer) resms 

2 Foamed thermoplastic (cellu- 
lar cellulose acetate, polystyrene) 
resins 

3 Foamed rubbers 

4 Foamed glass 

5 Foamed calcium alginate 

6 G ridded cores (honeycomb or 
square filled gnd) 

7 Impregnated fibrous cores 

8 Natural (balsa wood or coik) 

The core they sought had to be 

stiong enough in tension, noimal to 


the surface, so there was no buck- 
ling of the glass fabric faces through 
tension failure in the core itself 
Further, compression strength of the 
core material normal to the faces 
had to be sufficient to resist local 
loads usually encoimtered in service 
due to rough handhng, such as a 
blow resulting from a falling wrench 
Compressive strength needed to be 


Highly magnified view of section of o 
sondwich structure mode with a foomed 
core The high percentage of voids in 
the foamed resin is clearly evidenced 

such that the core would not fail 
before the faces of the laminate de- 
veloped then maximum stiength 
Finally, the sheai rigidity of the coi e 
had to be enough to hold the entiie 
sandwich combination stable bcfoie 
the faces developed their full 
strength At the same time, the coie 
could not be buttle or granular 
since such mateiials possess pool 
impact and vibiation chaiacteiistics 

TEST RESULTS — Compiessive tests 
tension tests, tests to determine rela- 
tive flexural iigidity and ultimate 
sti engths, and bending tests wei e 
cairied out on specimens made up 
with cores fallmg into all eight 
classes listed above The compies- 
sive stress developed in the glass- 
cloth facmg material ranged from 
8000 to 36,000 poimds per squaie 
inch, depending upon the core mate- 
rial and the thickness of the faces 
Certain brittle cores such as al- 
ginate, which had reasonably high 
tensile strength, failed prematurely 
before developing maximum strength 
in the faces Bending tests indicate 
that with cores of comparable prop- 
erties, the strength and stiffness of 
the sandwich combmation are more 


Construction motenal 

Weight 

Effect of 100 percent of 
design loods 

Design lood 
at foilure 
(tail wheel 
side lood) 

Strength- 

weight 

ratio 


pounds 


percent 


Aluminum olloy 

70 

No foilure — visible buckling 
in some cases 

105 

100 

Wood ond plywood 

86 

No failure — visible buckling 
in some coses 

no 

0 82 

Gloss cloth lominate with wood- 
en core sondwich construction 

78 

No failure 

180 

150 

All resin -gloss cloth lominate 
sondwich construction 

75 

No failure 

180 

1 55 


Tabulation of results of stotic tests on oirpione fusetoges 
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dependent upon the physical prop- 
erties of the core itself. All bending 
failures occurred in the compression 
face either by compressive failure 
of the face or by delamination (ten- 
sion failure of the core) 

Tests seemed to show that certam 
t 3 rpes of cores such as the Hycar 
cores, honeycomb glass cores, and 
cores of cellular cellulose acetate 
containing 3 percent chopped glass 
fiber had sufficient physical proper- 
ties to develop a substantial portion 
of the compressive strength in 
Fiberglas cloth faces. 

One of the results of this m- 
vestigation was the construction by 
the Plaskon Division of Libbey- 
Owens-Ford Company, at the re- 
quest of Wright Field, of an all- 
lammate rear section of a fuselage 
Tests carried out on this structure 
and on aluminum alloy, wood, glass- 
lanunate, and wood fuselages are 
compared in the accompanymg 
table on the preceding page 
Four types of laimnate construc- 
tion were employed in this experi- 
mental fuselage, which was con- 
structed m halves and then as- 
sembled This two-part construction 
was followed, not because it was 
considered the most desirable pro- 
cedure, but because a full fuselage 
mold was not available. 

STRUCTURAL ADVANTAGES-The 

outstanding strength-weight ratio of 
this all-lammate construction, its 
smooth exterior surface, and ex- 
treme stiffness suggest that it will 
someday find extended use in the 
aircraft field Aircraft designers 
have long recognized that substan- 
tially increased performance can be 
obtained if the exterior surfaces of 
aircraft can be made smoother and 
more stable And when a structure 
is developed which not only offers 
these advantages but is adaptable 


to mass production as well, the pos- 
sibihties are endless. Among the 
construction advantages whlcffi an 
all-lammate structure would seem 
to offer on the basis of the experi- 
mental fuselages built to date are* 

1. Prefabrication — Component 
parts may be readily produced in 
widely separated plants and as- 
sembled as a complete structure in 
yet another factory 

2 Mass production — Sandwich 
core material may be readily corru- 
gated and assembled, and cheaply 
produced with semi-automatic ma- 
chmery in any desired weight and 
thickness. ' 

3 Uniform results — Easy cure of 
the resin coupled with its tackmess 
makes it possible for the core, skins, 
and sub-assemblies to be easily 
placed and held in position. This also 
guarantees consistent production re- 
sults 

4 Easily repaired — ^Damage by 
gunfire, for example was less for 
all-laminate construction than for 
either wood or metal Another ad- 
vantage is that repairs may be 
quickly carried out with no more 
equipment than is available in the 
field 

5 Material availabihty — ^The pro- 
duction of both the resin and the 


Lowtr left Applying resin impreg- 
nofed cloth end poper upon turfoce 
of mold to form inner skin of nose 

Right: With outer skin in position 
m lower mold, upper mold with the 
inner skin ottoched is lowered into 
piece reody to receive foomed resin 

Lower right Section drawing showing 
mold in Q closed position with foom 
filling the space between the skins 

Illu8triitlont courtesy of the 
VirglnU Lincoln Corporation 


glass cloth, which is the basis for the 
all-laminate construction, can be 
readily expanded to meet all con- 
ceivable demands 


FOAMED CORES-All the tests 
which have been made on these 
sandwich structures with synthetic 
cores have not been confined to the 
laboratory The Virgmia-Lincoln 
Corporation, for example, is even 
now producing noses for fast filter 
planes made up of plastic foam en- 
closed between inner and outer 
laminated glass cloth skins. For this 
appheation it was particularly im- 
portant that the core have a specific 
gravity of 0 30, excellent weathermg 
and electrical characteristics, and 
resistance to destruction caused by 
gun blast concussion To date, the 
structures, which are made of 
Valenite usmg Laminae as the core 
resm, have met all the requirements 
very satisfactorily. 

Followmg the step by step con- 
struction of one of these fast fighter 




vKsff. 
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MOLDING COMfOUNDS 




PLYWOOD PROGRESS COMES IN A BOX 


Combine ease of manufacture with a finished product that 
has eyeappcal and tremendous durability and you have 
the wartime-proved Durez resin -bonded plywood con- 
tainer The unusual strength, and resistance to tempera- 
ture extremes and moisture which Durez resin imparts to 
the rich beauty of plywood, make it a natural for the pro- 
gressive manufacturer with an eye on post -victory markets 


OIL SOLUBLE flESINS 


» LAUGHING AT A LIFETIME OF HARD KNOCKS 

The modern radio tube is a very delicate piece of equip- 
ment Yet It must be able to stand up and render perfect 
service under the most rugged of conditions such as in 
aircraft, boats or in your own car radio for that matter 
The bases of thousands of these radio tubes are molded 
from Durez phenolic plastics Such properties as impact 
strength, moisture resistance, dielectric strength, good 
moldability and excellent dimensional stability at temper- 
ature extremes all of which arc inherent characteristics 
of the more than 300 Durez phenolic molding compounds 
make them ideal for such purposes result in their use 
throughout the various fields of American industry on a 
scale that is practically all-embracing 


The field of plastics is a vast and con- 
fusing one — especially since wartime 
urgencies have brought to light many 
new and unusual applications for them 
. , . applications which proved plastics 
to be better suited for many jobs than 
any other material One of the largest 
groups within this field is the phenolics 
— the type of plastics which Durez has 
specialized in developing and produc- 
ing for the past quarter century. Out 
standing feature of the phenolics is 



WHAT EVERY BUSINESS MAN SHOULD KNOW 
ABOUT KITCHENS 

A kitchen is no nicer than its linoleum floor Durez resins 
for linoleum prints impart gloss and extreme toughness to 
the natural beauty of the colorful inks used for this pur- 
pose — make the linoleum durable and almost wear-proof 



their unusual versatility. They are the 
most versatile of all plastics Naturally, 
this means a great deal to the manu- 
facturer In the throes of improving his 
old products and developing new ones 
for post-victory markets — for the 
phenolics make a natural starting point 
in working out a plastic material prob- 
lem, The background of Durez tech- 
nicians includes a wealth of successful 


product development experience which 
covers practically all fields of industry. 
The benefits which this expenence and 
a large accumulation of proved data 
can provide, are available at all times 
towards speeding the solution of any 
plastic material problem which you may 
have. Durez Plastics & Chemicals, Inc , 
529 Walck Road, N Tonawanda, N Y, 


PLASTICS THAT PIT THE JOB 
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noses suggests how adaptable this 
type of structure is to mass produc- 
tion It IS easy to imagine how this 
construction can be used after the 
war in the manufacture of low- 
weight furniture, refrigerator boxes, 
stoves, household insulation and, of 
course, aircraft 

For the manufacture of the fighter 
noses the equipment consists of cast- 
iron male and female molds, the 
contours of the male form exactly 
duplicating those of the female 
minus the thickness of the wall of 
the completed nose A spacmg 
mechanism is provided to facilitate 
the locating of the male form m the 
female form As can be seen in the 



A honeycomb core materiol such as is 
used in many sandwich>type structures 
Mode in blocks, cores can be sliced to 
suit requirements of ony type of job 

drawing, there is a flash area be- 
tween the two molds at the top 
This is provided so that pressure 
generated during the foaming op- 
eration can be relieved In addition 
there are clamps which hold the 
molds together, a resin mixing unit, 
a trimmmg jig, and a thm laminated 
canvas male plug used in making 
the outer skin 

The manufacturer of the nose be- 
gins with the skms The male form 
and the wrapping plug are inverted 
(nose-up) and covered with cello- 
phane, which facilitates parting The 
necessary lammation of impregnated 
paper and glass cloth for the inner 
skm are wrapped on the male form 
which IS then covered with another 
layer of cellophane To msure more 
uniform evacuation during the cur- 
ing operation, a thin canvas bag, or 
“breather,” is placed over the entire 
assembly This construction is then 
covered with a rubber bag, properly 
sealed to permit evacuation Upon 
the apphcation of heat, through the 
mold, the inner skin is cured Re- 
moval of the rubber bag, the can- 
vas breather, and the top cellophane 
layer follows, exposing the cured 
inner skin laminate. 


At the same time that the inner 
skin is being molded, the outer skm 
of impregnated paper and cloth 
lammations — is wrapped upon the 
cellophane-covered wrapping plug 
Ano^er layer of cellophane follows 
as with the inner skin This done, 
the plug and the uncured skin are 
mserted in the female mold The 
plug is removed, leaving behind the 
outer skm m proper place m the 
female mold A rubber bag is in- 
serted m the mold and the sealing 
lid put in place With the application 
of heat, vacuum, and pressure the 
skm is then cured Finally, the rub- 
ber bag and cellophane layer are 
removed, exposing the inner surface 
of the outer skin 

At this stage, the portions of the 
mold are readied for foammg The 
male form is elevated with a cham 
hoist and placed in the “nose-down” 
position above the female form 
where, by rapid lowermg, it can 
properly locate itself m the female 
form for the foaming operation 

The various components of the 
foam resin mixture are weighed 
out and cooled to a safe operating 
temperature Next, they are care- 
fully combined m a Hobart-type 
mixer Within five minutes* time, a 
homogeneous mixture results 

With the molds ready, the foam 
mixture is poured into the female 
portion Guided by the spacing 
mechanism, the male mold is low- 
ered into position and the molds 
locked together Withm three min- 
utes of the application of heat, the 
excess foam material starts escaping 
via the flash areas Fifteen minutes 
later the curmg is complete and the 
molds are cooled 

After the male mold has been 
raised, the foamed nose, which is se- 
curely bonded to its skins, is lifted 
from the female form and sent to the 
finishmg area for trimming and 
pamtmg Due to the fact that this 
particular part requires a rein- 
forced area for attachment to the 
airplane fuselage, portions of the 
foam and mner s^in must be 
trimmed away and the mner sur- 
face of the outer skm exposed 
“Beef-up,” or reinforcing material, 
which consists of imcured impreg- 
nated glass fabric, is bonded so as 
to cover the section of foam which 
has been exposed Curmg of this 
material follows Rough edges are 
then sanded away and the nose is 
sent to the paint department to be 
prepared for shipment 

The prmciples outlined in the 
manufacture of this nose are ap- 
plicable to other items The same 
general procedures were foimd to 
prevail in parts where specific 
gravities ranging from 0 20 to 0 80 
were desired, where bearing and 


flexural strengths were stressed, 
where surface areas of 50 square 
feet and more were required. The 
desired properties were obtained 
primarily by foam formula varia- 
tions; secondly by changes in equip- 
ment 

While all the work that has been 
carried on in developing suitable 
synthetic core material for use in 
glass-cloth sandwich structures has 
been for war, all indications point 
to the use of this type of structure 
m endless post-war application 
Among these are such household 
items as stoves, refrigerators, and 
unit bathrooms and kitchens The 
aircraft mdustry will undoubtedly 
find extended use for the construc- 
tion At the moment it is hard to say 
just what are the limits for these 
synthetic core mateiials for sand- 
wich structures, or for the sand- 
wich structures themselves 

^ ^ ^ 

EAR PLUGS 

Reduce Annoying Noises, 

Permit Conversation 

Industrial workers stand m con- 
stant fear of becoming deaf as a re- 
sult of the constant loud noise that 
fills their working hours To combat 
this hazard, John L Brill and As- 
sociates has developed “Noise Mas- 
ters** ear plugs, molded of Lucite 
These plugs, which are fitted to the 
individual ear, are said to reduce 
the loudness of surrounding noises 
as much as 45 percent when the 
sound is m the low frequencies and 
as much as 65 percent when in the 
high frequencies At the same time, 
it is reported, oidmary conversation 
at close range can be heard without 
difficulty 

BATTERY SEPARATORS 

Now Made in the Form 

of Fiberglas Mats 

F ELTED Fiberglas is now being used 
m low-cost batteries of various types 
manufactured for Goodyear Tire and 
Rubber Company by the National 
Battery Company In one model the 
felted glass fiber mats are placed on 
each side of every positive plate, 
in another model similar mats are 
wrapped entirely around each of the 
positive plates The mats are made 
of finely spun glass fibers held to- 
gether with a binding agent Pores of 
the mats provide minute mdirect 
openings, so small they permit pas- 
sage of only very small spent articles 
of active material Because active 
material is locked m the plates, the 
life of the battery is reported to be 
greatly extended 
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AVIATION 


Conducted by ALEXANDER KLEMIN 


Cas Turbine Possibilities 


Will Airplanes of Tomorrow be Powered by Reciprocating Engines, by 
Turbo- Jets, by Turbines Driving Propellers, or by Some Combination of 

these Systems? Analysis of Present Technology Indicates that Each _ 

efficiency reciprocating engine at 

System Will Find its Place in Meeting the Varied Requirements of Flight take-off, and turbo-jet at great 

speed and altitude But an evalua- 
tion of the four systems as above 

( should give a basis of comparison 
p THE Germans had had six From these sources, it is possible for all possible combinations 
months more to put into produc- to understand and to evaluate the 

tion their V-1 and V-2 bombs, their vanous embodiments of the gas tur- PROPELLER LIMITATIONS — Will 

airplanes equipped with rockets, bine and jet reaction in the wholly the conventional reciprocating 

and the turbo-jet, the whole course modern aviation power plant engine with propeller disappear like 

of the war might have been The phiase “various embodi- the horse and buggy ^ Not at all In 

changed, the victory of the United ments“ is used because it is now the history of technology, it is very 

Nations might have been indefinite- possible to offer quite a classifica- rare that a new invention or im- 

ly delayed In the peace to come, it tion of aviation prime movers* provement utterly displaces older 

IS probable that the turbo-jet (and, 1 The conventional reciprocating appliances or vehicles Thus, the 
therefore, the gas turbine which is engine and propeller — still the heart Diesel locomotive has not and will 

an mdispensable element of the of aviation, still efficient, and im- not drive out the steam locomotive 

turbo-jet) will have, of these nov- proved when equipped with super- The conventional reciprocating 

cities, the greatest influence on mod- charger and water mjcction and engine and propeller will continue 

ern aviation utilizing the thrust of the exhaust to to render excellent service in low- 

Withm the last few months, there 

have been at least three fine papers ^ rtiftHi diwectiom 

on the gas turbine and its use m the 


airplane S R Puffer and J S Al- 
ford, of General Electric Company, 
spoke of “The Gas Turbine in Avia- 
tion’^ before the American Society 
of Mechanical Engineers, Charles 
D Flagle and Frank W Godsey, Jr , 
of Westmghouse Electric Corpora- 
tion, discussed “The Place of the 
Gas Turbine in Aviation,” at a tech- 
nical press luncheon, and C F 
Bachle gave to the Society of Auto- 


Figure 2 Simplified 
diagrom showing the iW 

bosic principle of on 
oxiol-flow turbo-jet 

AXIAL FLOW COMPneSfOn combustor turbine exhaust nozzle 

some extent by special design of ex- and medium-speed aviation for a 

haust outlets gieat many years to come It is 

2 The turbo-jet m which air is when great speed is requiied, or 

compressed and forced to burn fuel gieat powei, or fiight at great alti- 




Figure 1 In reciprocating engines, 
the specific weight increases ropidly 
with size beyond a certoin point 


m a combustion chamber The ex- 
haust gases drive a turbine that op- 
erates the compressor, and then 
1 ush out through a nozzle to provide 
a powerful reaction thrust It is 
the turbo-jet with which Captain 
Whittle’s name will be forevei as- 
sociated, and which has most im- 
pressed itself on the public’s mind 
3 The gas turbme driving a 
geared- down propeller and utilizing 
the thrust of the exhaust to a 
marked degree; not yet flown, but 
certam of employment in the near 
future 


tude, or all three, that the recipro- 
cating engine and the old-time pro- 
peller become less effective 
Here are the mam reasons, as 
Messrs Flagle and Godsey have so 
well put them The reciprocating 
engme reaches its best weight fig- 
uies at around 1000 horsepowei, 
when the specific weight per horse- 
power is only one poimd In larger 
sizes, as Figure 1 illustrates, the 
specific weight will increase rapidly 
unless either more cylinders or bet- 
ter fuels are brought into action 
The recipiocatmg engme functions 


4 The compound reciprocatmg most efficiently at 60 percent of its 
motive Engineers his thoughtful and turbine engme which Mr Bachle lated power, and that is a limitation 


study of “Turbme Compounding 
with the Piston Engme” A forth- 
coming book by B, Hennhp, of Bell 
Aircraft, on “Modem Fhght Test- 
ing” will also add greatly to knowl- 
edge 


has proposed 

There may be other combina- 
tions such as a conventional recipro- 
catmg engme acting together with 
a turbo-jet, with each fimctionmg 
at the time appropriate to its best 


on its use at full speed when full 
rated power is needed Agam, the 
very large reciprocatmg engme 
needs compheated controls so that 
not only does the specific weight 
of the engme itself go up with the 
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size, but the complete installed 
weight becomes excessive. Again, 
even the best air-cooled engine, 
with fine cowling, offers large 
frontal area and nacelle drag so that 
the net thrust per horsepower be- 
comes disappointmg. And, finally, 
at very high speeds, particularly at 
altitude, the propeller itself begins 
to lose efficiency because its fast 



Figure 3 Diagram of a geared-down 
gas turbine driving a propeller, in 
combinotion with o turbo- |et unit 


whirling tips approach the speed 
of sound For all these reasons, it is 
possible to say that, unless and un- 
til many improvements are made, 
very high speed operation of aircraft 
would be limited by the deficiencies 
in the reciprocating power plant no 
matter how well resigned the air- 
plane itself might be 

General Electric has been a 
pioneer in the development of the 
supercharger, and Messrs Puffer 
and Alford, distingui^ed members 
of the General Electric family, 
rightly point out that when the ex- 
haust gas supercharger, water in- 
jection, and exhaust thrust are em- 
ployed, the reciprocating engme has, 
by far, the greatest overall effi- 
ciency where long-range flying is 
mvolved But these refinements 
serve up to a point only When 
super-aviation or flight at very 
great speeds is involved, the turbo- 
jet has to be considered 

Figure 2 illustrates, diagrammati- 
cally but clearly, the basic simple 
principle of the turbo-jet, in which 
an axial flow compressor is driven 
by a gas turbine The axial flow 
compressor inducts the air, com- 
presses it, and delivers it to the 
combustion chamber There the fuel 
is burned at high temperature and 
constant high pressure The com- 
pressed air and exhaust gases ex- 
pand and drive the turbine and 
then leave the noaade at the speed 
of sound, producing enormous reac- 
tion thrust 

When turbo-jets had to be built 
quickly, the AAF sought the aid of 
General Electnc; the Navy called 


on Westinghouse. Both giant com- 
panies responded magnificently, 
and succeeded splendidly. If West- 
inghouse used the axial flow com- 
pressor, claiming to secure thereby 
the most direct flow, the lowest 
frontal area, and least aerodynamic 
drag. General Electric did equally 
well with a centrifugal compressor 
To discuss the relative merits of 
axial and centrifugal compressors 
would need far more space than 
available here. 

NET POWER — It can be seen from 
the above brief description that in 
jet propulsion, the whole net power 
(which is the difference between 
the power generated and the power 
used up in the compressor) is used 
to impart backward acceleration to 
the compressed air and exhaust 
gases The question then arises 
Why is the gas turbine so well 
adapted to jet propulsion^ 

The answer is readily found As 
can be shown by simple applied 
mechanics, jet propulsion is most ef- 
ficient when the speed of the jet 
IS not 80 far above the speed of the 
vehicle from which it issues This is 
a cardmal prmciple always to be 
remembered when thinking of jet 
propulsion The gas turbme handles 
a great mass of air (four to eight 
times greater than the reciprocating 
engine) for each pound of fuel con- 


sumed This is because the gas tur- 
bine swallows its own cooling air 
and subjects it to the same thermo- 
dynamic cycle as the air needed just 
to bum the fuel, while m the re- 
ciprocating engine the cooling air is 
used externally to the combustion 
space. 

Because of this great mass of air 
handled, the exitmg jet is cool and 
slow, and propulsive efficiency is far 
better than were the hot exhaust 
gases released from a reciprocating 
engine used for reaction thrust 

But when it is said that the ex- 


iting jet is cool and slow, relative 
terms are being used. To anyone 
who looks at a Bell Aircraft turbo- 
jet plane, or a Lockheed Shooting 
Star, the jet will appear to have 
tremendous speed and temperature 
Accordingly, below 500 miles per 
hour, jet efficiency is very low and 
fuel consumption is very high The 
thermodjmamic or internal efficiency 
of the turbo-jet equipped with a 
good compressor may be 31 percent 
at 15,000 feet, which is of the same 
order as that of the modem recipro- 
catmg engine, but its propulsive or 
external efficiency is very low at 
take-off or chmb and only becomes 
reasonable at the enormous speed 
of the fastest fighters 

JET ADVANTAGES - Does this 
mean that the turbo-jet will always 
be restricted to a special type of in- 
terceptor combat airplane where 
enormous thrust is required for only 
a short time and fuel consumption is 
unimportant*^ Not at all, because 
airplane speeds tend to go up all 
the time (unless compressibility ef- 
fects bar further progress) and be- 
cause the turbo-jet has so many 
other advantages to commend it 
It IS extraordinarily simple, there 
IS no carburetor to ice up, no igni- 
tion trouble, no valve system to go 
out of order, no intermittent cylin- 
der action, no overheating of the 


cylmder head or bearings With a 
minimum of parts, the pilot can be 
completely assured at all times of a 
powerful, steady, continuous thrust 
The turbo-jet is very light m weight, 
needs little lubricating oil, and is 
remarkably easy to maintain This 
ease of maintenance has brought 
enthusiastic praise from all AAF 
personnel who have had experience 
with the engines There are no 
radiators and no cooling surfaces 
Frontal area of the engine nacelle 
IS reduced to a minimum, so that 
the power-plant drag is reduced to a 



160 


SCIENTIFIC AMERICAN 


SEPTEMBER 1945 




minimum and the net thrust is a 
greater percentage of gross thrust 
than in the reciprocatmg engine. 
Since the jet is at the back of the 
airplane, noise in cabin or cockpit is 
reduced There are immense poten- 
tiahties of power, far beyond those 
of the conventional motor 

For these and other reasons, it 
may be expected that the turbo-jet 
will come into wide use reasonably 
soon — for planes of great speed or 
planes requiring immense power. 

Messrs Puffer and Alford brmg 
up economic reasons to show that 



Figure 5. Estimate by Flagle and 
Godsey of probable spheres of action 
of various oircroft power plants 


jet propulsion is not purely a mili- 
tary device This is true because of 
the greater reliability of the turbo- 
jet unit, because of its higher rate 
of speed and consequently greater 
potential number of trips, because 
speed cuts down many items of air- 
plane operating cost, and finally be- 
cause the fuel required is not high 
octane gas but any one of a number 
of cheap fuels such as kerosine The 
cost of jet-propulsion transport is 
claimed to he only slightly higher 
than the cost of present-day trans- 
port for ranges of over 500 miles 
[See article by D H Killeffer im- 
mediately following this one for a 
discussion of jet-engine fuels — Edi- 
tor ] 

A COMPROMISE-There is good 
reason to be optimistic as to the fu- 
ture of the turbo-jet engme — ^but 
wonderfully suited as it is to high 
speeds, it is not efficient at take-off, 
in climb, or even in long-range 
cruising Is the combmation of a gas 
turbme geared down to drive a 
propeller, in combmation with jet 
reaction, a compromise more suit- 
able to present needs? The combma- 
tion IS dtagrammatically indicated 
m Figure 3 The geared-down tur- 
bine will constitute a beautifully 
symmetrical power plant, of small 
frontal area and low nacelle drag as 
compared with the reciprocatmg 
engine Because of its small diam- 
eter the gas turbine will be easily 


buried within a wing. The geared- 
down turbine shares these and other 
advantages with the turbo-jet But 
there is one advantage which the 
geared-down turbine possesses to a 
unique degree — ^versatility to suit a 
particular flight condition by vary- 
ing the proportion of power de- 
veloped in the propeller and in the 
reaction nozzle. Towards the lower 
end of the scale the propeller drive 
will be favored, with the exhaust jet 
thrust merely compensating for 
nacelle and cooling drag loss, and 
with hifi^ net thrust as the result 
For high speed operation, 50 percent 
of the power would be developed in 
thrust, since jet reaction would t|ien 
become efficient. Of course, the 
geared-down turbine loses some of 
the desirable features of the turbo- 
jet It can no longer have the low 
slimg body of the turbo-jet because 
of the propeller Yet this intermedi- 
ate type may have a broader field 
of usefulness than the reciprocating 
engine at one end of the scale and 
the turbo-jet at the other 

In Figure 4 is shown Bachle’s 
scheme of compoundmg a gas tur- 
bine with a reciprocating engine, 
both working on the same shaft and 
driving a propeller The combmation 
is not intended for high speed, but 
because the gas turbme can take 
such excellent advantage of the ex- 
haust gases, Mr Bachle believes 
that the system would give excel- 
lent fuel-consumption economy and 
offer the mmimum weight of power- 
plant plus fuel for long-range cruis- 
ing at 300 miles per hour 

A tentative conclusion, illustrated 
by Figure 5, seems to be that the 
leciprocatmg engme will remain 
supreme for low power and mod- 
erate speed, jet propulsion will be 
superior at great altitudes and 
speed, and the geared gas-turbine 
with propeller will occupy an inter- 
mediate position. 

^ 9 m 

POST-WAR FLYINO 

Jobs Raise an 

Important Question 

^^ILL there be post-war jobs for 
wartime pilots^^ Phillips J Peck dis- 
cusses this question m Flying, bas- 
ing his discussion on an appraisal 
of the situation by Paul E Young 
of the Civil Aeronautics Admmis- 
tration 

At the conclusion of the war, the 
Army alone will have 100,000 “top- 
grade” combat pilots and 50,000 Air 
Transport Command instruction and 
service pilots Of this number, 75,- 
000 may be discharged at the end of 
the war The Navy, Marine Corps, 


and Coast Guard discharges will 
raise this total above the 100,000 
mark To this number must be add- 
ed men in the Civil Air Patrol, and 
those already employed on the air- 
lines The Army does not mtend to 
stay in the air-transport business, 
and thus eventually the Air Trans- 
port Command will dump its en- 
tire personnel back to the airlines 

But in the war effort the airlines 
— ^TWA, United, American, Eastern, 
Pan American, and others — have 
utihzed their Air Transport Com- 
mand units to build up a gigantic 
reserve of well-trained pilot per- 
sonnel It IS, according to Mr Young, 
a physical and economic impossi- 
bihty for these thousands of pilots to 
be absorbed m post-war civil avia- 
tion, no matter how great may be 
its growth 

It IS Mr Young^s opmion that some 
39,000 men will find civil aviation 
employment 4000 on the airlines 
within two years after the war, 15,- 
000 m the flying schools, 20,000 in 
miscellaneous services Miscellan- 
eous services will cover feeder- 
pickup, charter services, crop dust- 
ing, forest patrol, aerial survey work, 
air advertising, lake stocking, and 
so on This IS a very reasonable view 
of the situation and it is far better 
that many of our Army and Navy 
pilots should regard their flight 
training as a delightful accomplish- 
ment and avocation, rather than a 
postwar professional activity 

SCRAP RECOVERY 

May be Speeded by 

Chemical Process 

Immense quantities of alummum m 
airplanes that must be scrapped at 
war’s end for one reason or another 
pose a tremendous salvage problem 
because of the complexity of the 
parts Separation of pure alummum 
from alloying elements and from 
parts composed of other metals is 
impracticable by ordinary methods 
However, a chemical recovery proc- 
ess promises to solve the problem 
economically and efficiently by dis- 
solving the alummum away from 
other materials present by the use of 
a solution of caustic soda This solu- 
tion readily dissolves alummum but 
not the elements with which it may 
be alloyed and it leaves steel, cop- 
per, and other metalhc parts un- 
affected Furthermore, the solution 
of aluminum as sodium aluminate 
readily yields the metal m the form 
of its oxide in exceptionally pure 
form for introduction mto the elec- 
trolytic cell for recovery. Naturally, 
only composite parts leff after large 
pieces of pure metal have been cut 
away will need to be subjected to 
this treatment. 
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Photo by Air Technical Service Command 

A B-25 using rockets for assisted take-off 


CHEMISTRY IN INDUSTRY Conducted by D H KILLEFFER 

Fuels For Jets 


Reaction Engines for Aircraft Seem Capable of Operating Efficiently on 
Simple Fuels But it May be that this Simplicity is as Yet Due to a 
Lack of Knowledge of the Means for Obtaining Highest Efficiency from 
the Power Plants that Will Operate the Aircraft of Tomorrow 


N ow that production of huge 
volumes of aviation fuels for 
conventional internal- combustion 

engmes is an accomplished fact, 
industry faces new problems m pro- 
viding fuel for tomorrow’s rocket- 
powered aviation Ebcperience so far 
gamed with the toys of 1930’s 
dreamers shows that jet and rocket 
power will ignore the criteria vital 
to today’s flight and will impose new 
requirements on the producers of 
fuels for tomorrow’s planes It is all 
quite confusmg No sooner have 
high compression, octane numbers, 
and super fuels taken their indus- 
trial places than the new needs of 
advancmg aviation suddenly discard 
these and promulgate new specifica- 
tions for new types of planes op- 
erating without propellers It is 
worth lookmg into, for these new 
needs will profoundly influence 
trends in the fuel-producing indus- 
tries for the future 
At first blush the fuel needed for 
jet propulsion appears much less 


limited by essential requirements 
than that poweiing today’s conven- 
tional engines Obviously the basic 
differences between the two types 
of engines are reflected m basically 
different specifications for their 
fuels Whereas volatility (except 
with the new “safety gasoline”), oc- 
tane number, and high compres- 
sion characteristics are paramount 
requisites of internal-combustion 
reciprocating engines, none of these 
is of any particular consequence in 
either jets or rockets of the present 
day The specific requirements of 
today’s aviation fuels are mherent 
m the design and operation of the 
mtemal combustion engine itself 
Secondary restrictions imposed by 
the operation of the engme m an 
airplane are minor as compared with 
the necessities of the engine’s fuels 
Quite the reverse is true of rocket 
fuels The rocket or jet impcjBes no 
particular restrictions on Vae fuel 
that are not easily met by existing 
petroleum products But,^ on the 


other hand, the extraordinary char- 
acteristics of jet-propelled planes, 
with their possible use at otherwise 
imattamable altitudes, emphasize 
the importance of the plane’s re- 
quirements in the selection of a 
suitable fuel Instead of volatility, 
high octane number, and high com- 
pression characteristics, jet-popul- 
sion engmes emphasize the need fof 
high energy content, low freezing 
pomt, and high flash point as the 
most important quahties m their 
fuel That change completely alters 
the problems of production and re- 
finmg of fuel, but in spite of the 
apparently wide latitude thus al- 
lowed, vexing problems still remain 
for industry to solve 

REACTION ENGINE TYPES-To 

make the matter clear it will be well 
to examine broadly the character- 
istics of jet-propulsion engmes to 
learn how they function and what 
are the controlling factors in their 
operations Much of the current de- 
velopment of engmes of these types 
IS of such military importance ^at 
many details cannot yet be revealed 
for security reasons. But, neverthe- 
less, enough of a picture can be 
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drawn to indicate the trend, if not 
the detail, of future developments 
First, two broad types of reaction 
engines must be distinguished One 
IS typified by the old-fashioned sky- 
rocket and IS properly designated 
as a rocket Rockets carry with them 
both fuel and oxidizing agent with 
which the fuel is burned, and may 
be powered by either solid or hquid 
fuels (smokeless powder and gaso- 
Ime are typical) Numerous types of 
rocket projectiles have proved val- 
uable weapons m the present World 
War A second type of reaction 
engine carries its own fuel but de- 
pends on oxygen from the air to 
burn it and on the air stream to pro- 
vide the required forward thi ust 
by its thermal expansion The buzz 
bomb loosed on England by the 
Germans and the several types of 
jet-propelled planes typify this sec- 
ond class of reaction engines These 
have been designated as air-stream 
engines oi jets to distinguish them 
from the true rockets of the class 
previously mentioned 
Developments thus fai in rockets, 
as defined above, indicate severe 
limitations on their value as the 
principal motive power of cargo 
carrymg planes Extreme tempera- 
tures and simultaneous high pres- 
sures are encountered m their op- 
eration and for practicable efficiency 
these mount beyond the ability of 
any known materials of construction 
to withstand them This has been 
shown by both practical tests and 
theoretical calculations Hence, for 
the purposes of this discussion, these 
mterestmg engines may be passed 
over as impractical for any but spe- 
cial uses Their fuel requirements 
are best met by liquid atomic hydro- 
gen, so far unattainable, and liquid 
oxygen Other fuels consist of 
smokeless or black powder, various 


hydrocarbons and alcohols (mcluOi- 
mg gasolme, kerosme, ethyl alcohol, 
and so on) with liquid oxygen, hy- 
drogen peroxide, or nitric acid as 
the oxidizing agent 
These rocket engines are useful 
for throwing explosive chairges over 
short distances as demonstiated by 
the bazooka and other types of 
locket projectiles used in the pres- 
ent wai Perhaps their utility may 
be tremendously extended in the fu- 


ture, but the extension will have to 
be very gieat indeed to bring them 
within range of practicability as a 
means of tiansport of human beings 
or cargo The case is presented 
with absoibing interest by G Ed- 
ward Pendray in his book, “The 
Coming Age of Rocket Power,’' 
lately reviewed in “Our Book Cor- 
ner” To it the reader is referred 
for more information on the sub- 
ject 

PRACTICAL JETS-The air-stream 
motors present a different picture 
Already they have been utihzed 
both for human flight and for trans- 
porting substantial cargoes of high- 
explosive bombs Both applications 


seem already to have come so far 
within the range of practicality as to 
suggest here an analysis of their 
fuel requirements as a problem in 
production m the near future 
Pendray divides air-stream mo- 
tors mto three sub-classes theimal 
or turbo-jet, inteimittent duct (buzz 
bomb), and continuous duct (also 
called the athodyd) The first draws 
m ail through a tui bo-compressor 
driven by a turbine powered by the 


flaming jet itself, and ejects the 
air expanded by the heat of the 
flame from a rear orifice The con- 
tinuous duct engme depends upon 
the ram effect of its speed to supply 
air to its flame which continuously 
heats and ejects the expanded air 
The intermittent duct engme op- 
erates on the same principle except 
that the fuel is exploded within its 
body intermittently, a number of 
check valves in its forward end ad- 
mitting air but preventing the com- 
bustion products from escaping ex- 
cept toward the rear 

Each of these has both advantages 
and disadvantages Although the 
turbo-jet involves the complication 
of a turbme and a turbine compres- 
sor driven by it, this form seems at 
present to enjoy greatest favor, tem- 
porarily at least An alloy capable 
of withstanding temperatures up to 
1000 degrees, Fahrenheit, more or 
less continuously and without xm- 
due warpmg, oxidation, or erosion 
made possible the turbo super- 
charger employed on high flying 
planes This alloy is also essential 
in the construction of the turbo- 
jet air stream engine employing 
several parts virtually the same 
mechanically for very nearly the 
same purpose as in the super- 
charger The extreme temperatures 
of the true rocket are avoided by 
dilution of the flaming mixture with 
an excess of air 

Both the mtermittent and con- 
tinuous duct engines are simpler, 
mvolvmg no movmg parts, but 
while simplicity is advantageous, 
lack of compression requires that 




Photo by XT 8 Anny Air Foroeo 

A complete German robot bomb found intoct in Fronce 
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both of these engines reach relative- 
ly high speeds before they will op- 
erate satisfactorily. Speed is neces- 
sary to force air into the combustion 
chamber and without this the engme 
will not function effectively. 

FUEL REQUIREMENTS-From a 

fuel point of view, these three types 
of air-stream engmes are alike. It 
IS only necessary that the fuel pos- 



TW THBUIIAL JET CNGSie (TUKIO^lel) 



IHi INTBaMTTM oua mOINE (SUS BOMB ENOMI) 



THE CONTINUOUS OUa ENGINE CATHOOYD) 
Reproduced bj permleelon of Harper and Brothers 
from Pendray's '*Tlie Oomlnf Age of Rocket Power** 
Three types of oirstreom engines 

sess high heating value and that it 
be capable of being fed continuously 
to the combustion zone. Practically, 
this means that the fuel must be 
liquid under the conditions of use 
The feeding of solid fuel, even in 
finely powdered form, involves com- 
plicatmg mechanism, and gaseous 
fuels occupy unduly large volumes 
per pound or per heat unit Fuels 
which are gases at ordinary tem- 
peratures and pressures can be used 
in hquefied form provided the 
weight of the container necessary 
to hold them is not too great for 
practical purposes 
These are the only rulmg criteria 
involved in fuehng jet planes 
Clearly a great number of present 
commercial fuels meet them well 
There are, of course, other specifi- 
cations so desirable from a practical 
standpoint as to be virtual necessi- 
ties The fuel must be free from 
solid, abrasive particles that would 
erode the mechanism, a requisite 
both of the raw fuel and of the 
products of combustion The pres- 
ence, for example, of silica or of 
combined silicon that would bum in 
the flame to silica is a serious draw- 
back to any fuel Soot at high veloc- 
ity is also harmful Other elements 
yielding similarly abrasive oxides 
must be excluded The fuel must re- 
main liquid at the low temperatures 
encountered m flight at high alti- 
tudes This requirement is readily 
met by many, but by no means all, 
of the commercial hydrocarbon 
fuels. Easy flow at temperatures 
down to the required point of —80 


degreqSy Fahrenheit, is characteristic 
of gasolines and naphthas, but even 
some kerosines become sluggish or 
actually congeal in this low tem- 
perature range 

Also desirable to a point approach- 
ing necessity is a high flash point 
for the fuel. The flash point is de- 
fined as the temperature at which 
the fuel IS suflSciently volatile to 
form a combustible mixture with 
still air. The higher the flash point 
of a fuel, the safer it is to carry in 
a plane The flash pomt of ordinary 
gasoline is below normal atmospheric 
temperatures and thus its use in- 
volves at best a certain hazard of 
explosion which is particularly 
great in military planes in combat. 
Consequently the specifications for 
fuel used in any military plane 
call for as high a flash point as prac- 
ticable In jet fuel, this can be 105 
degrees, Fahrenheit. If the flash 
point is made too high the fuel is 
likely to freeze imder operating 
conditions and conversely too low a 
required freezmg pomt leads to the 
inclusion in the fuel of hydrocar- 
bons which unduly lower its flash 
point Flash pomt is connected with 
volatility and a low flash point is 
necessary for the proper vaporiza- 
tion of a fuel m a carburetor, which 
IS not required by jet engines 

SPECIAL FUELS— The criterion of a 
clean fuel which bums without con- 
siderable residue is easily met, but 
the combination of low volatility, 
and consequently high flash pomt. 
with an excessively low freezing 
point, is sometimes considerably 
more difficult to meet with prac- 
ticable fuels. Either requirement 
alone would permit the use of im- 
mense volumes of petroleum prod- 
ucts already available, but the com- 
bination of the two in a smgle fuel 
practically requires that it be espe- 
cially re^ed for the purpose and 
thus places it among the special 
fuels 

Also essential to the efficiency of 
a fuel m jet engmes of present de- 
sign IS the ability of the fUel to bum 
m dilute mixtures with the large 
volumes of air now used Every 
combustible substance requires a 
deflnite proportion of air for its 
complete burning and it will bum 
m mixtures both more concentrated 
and more dilute than the ideal 
However, outside a definite charac- 
teristic range of concentrations, it 
will not bum at all The requirement 
of high dilution to keep tempera- 
tures down in jet en^nes limits 
usable fuels to those capable of 
burning at dilutions necessary to 
meet temperature restrictions. While 
this adds to the complexity of the 
fuel problem it still leaves a wide 


selection available to the engineer 
to power his future aircraft. 

Perhaps the reason the jet fuel 
problem still seems relatively simple 
IS that we do not yet know enoucdr 
about it. The first automobiles were 
powered by the waste naphthas of 
kerosine refiners and it was only 
after decades of operation of mil- 
lions of cars that efficiency and the 
factors affecting it became impor- 
tant. This may also be true of jet 
engines and future developments 
may show the need for special quali- 
ties in their fuel now imsuspected 
m our present knowledge of the 
subject Research in the field pro- 
ceeds at a swift pace because of 
its bearing on the military situation 
When need comes, chemical indus- 
try’s petroleum refining division will 
be ready to meet it Meanwhile it 
looks simple, simpler probably than 

it IS 


$ ^ ^ 


PEPPER 

Alkaloid Used 

In Insecticides 

Recent tests indicate high insect- 
kilhng efficiency for insecticides 
contammg piperine, alkaloid of 
black pepper Combinations of 
piperme with the pyrethrins ex- 
tracted from certain flowers showed 
unusually high killing efficiency 
when used agamst house flies The 
purified piperme alkaloid is rela- 
tively non-toxic and non-irritating 
to persons. 

MERCURY FUNGICIDE 

Is Soluble in Paint 

And Varnish Vehicles 

Destruction of materials by mil- 
dew, mold, and rot has been empha- 
sized by the Pacific war and this has 
developed new and urgent demands 
for fungicides having various prop- 
erties. Latest additions to those 
available are the pyridyl mercury 
compotmds containing mercury m a 
particularly effective form and avail- 
able as several different salts having 
different desired solubihty charac- 
teristics. Pyridyl mercuric stearate, 
for instance, is soluble m paint and 
varnish vehicles to an extent that 
affords excellent protection against 
tropical destruction The chloride 
and the acetate possess advantages 
for treatment of textile and fibrous 
materials. Studies conducted both in 
the laboratory and in the field in- 
dicate great effectiveness for com- 
pounds of this group 
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ELECTRONICS Conducted by KEITH HENNEY 


Class and Electronics 

Glass Has Played a Vital Role in the Development of Electronics. Now 
Electronics is Reciprocating by Providing a Flexible Tool for the 
Glass-Working Industry Whereby Welded Glass Products Con be Pro- 
duced With High Precision ond Shorply Localized Melting Areas 


By VIN ZELUFF 

Associate Editor Electronics 


C LASS enabled Edison to pro- 
duce his first incandescent 
lamp, in which the ^‘Edison effect” 
was observed From this begmmng, 
Fleming, Wehnelt, Reisz, von Lieben, 
and De Forest all used glass as the 
contamers for their first electronic 
tubes By 1934, 55 miUion glass tubes 
were bemg manufactured annually 
A skeptical industry and public 
first saw metal vacuum tubes, made 
of steel, in 1935 and this seemed to 
herald the last days of the use of 
glass in electromc units This was 
not so, however, for each one of the 
metal tubes contamed glass Less 
glass, to be sure, than formerly, but 
still highly essential glass 
In any vacuum or gas-filled tube, 
there must be wire leads or con- 
ductors connected to the electrodes. 
These must extend through the shell, 
metal or glass, to permit the tube 
to become a part of an electrical 
circuit In the glass tube, the glass 
itself is an insulator and no prob- 
lem exists in making proper connec- 
tions In the metal tube, however, 
the conductivity of steel does not 
permit bringing the leads through 
directly Instead, an msulatmg bead 
or sleeve around the wire is neces- 
sary For this purpose, glass is the 
best material Thus, even in the 
metal tube, glass still is necessary 
Metal vacuum tubes contain a 
‘‘header,” which is the stamped and 
perforated foundation of the tube 
Metal eyelets, of Fernico, are in- 
serted in the perforations and 
welded to the header. Glass-beaded 
wires are then inserted in the 
header eyelets and the assembly 
carried through gas flames which 
melt the glass beads and form a 
permanent air-tight seal between 
the glass and the metaL After as- 


sembly of the element structure 
(the gnds, plate, and cathode), the 
outer metal shell is fitted over the 
complete element structure and 
welded to the header The tube is 
then ready for the evacuation pumps 

STRESSES — Sealmg of glass to the 
wire leads was solved m the early 
days of vacuum-tube research by 
W G Housekeeper, of Bell Tele- 
phone Laboratories When glass and 



Gloss envelope ond stem ossembly of 
50,000-wott Weitinghouse radio trons- 
mittins tubes. In this oir>cooled 
type, the onode is the flonged bose 
through which oir is forced by blower 

metal are heated together and al- 
lowed to cool, if the glass contracts 
differently from the metal a stress 
IS set up which may cause fracture 
If the seal is to be made air-tight, 
the glass must match the metal very 
closely in its thermal expansion co- 
efficient The Housekeeper seal lent 
itself to quantity production and 


was quickly adopted In this tech- 
nique, the copper wall at the joint 
is made very thin so that the cop- 
per can deform enough to compen- 
sate for the differential m expan- 
sions The thin wall is formed of a 
scale of cuprous oxide on the copper 
wire which fuses together with the 
glass sufficiently to give a vacuum- 
tight seal 

Tubes are not the only radio and 
electronic components that have 
benefitted from the use of glass 
Condensers, too, m the early wire- 
less equipment, contamed sheets of 
glass between metal plates — an in- 
dustrial version of the Leyden ]ar 
Radio coil forms are now produced 
of glass that have a plus or minus 
constancy of diameter and pitch of 
one thousandth of an inch. Today a 
new glass-molding technique, the 
multiform process, allows glass to 
be molded into shapes that would 
not otherwise be possible 

A valuable development brought 
about by war research is a glass 
jewel bearing used m meters and 
instruments of electronic equipment 
Sapphires, which were used for 
such bearmgs, were manufactured 
by hand abroad. Now a glass has 
been developed which can be used 
for instrument bearings. This glass 
substitute may replace the jewels 
because it is better m certain ap- 
plications 

GLASS HEATING — ^In conventional 
heatmg of glass by glass-working 
fires, the material is heated through 
the surface The surface boiling and 
destructive loss of volatile constitu- 
ents m this method limit the heat- 
ing speed and the size and thickness 
of the parts that can be heated 
Recently conducted experiments 

ps 
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made with electromc heating eqmp- 
ment have shown that, given the 
proper conditions, glass can be 
heated electronically m three differ- 
ent ways, by dielectric heating, by 
mduction heating, and by electrical 
conduction through the heated glass 
with gas-flame electrodes The best 
method for a given application is 
determmed by this nature of the par- 
ticular operation to be performed, 
the properties of the glass to be 
heated, and the temperature range 
required in the pi ocessmg treatment 
Although glass has high dielectric 
value, and is, therefore, a good m- 
sulator, mduction heating has been 
used m an indirect method of per- 
forating the glass envelopes of ca- 
thode-ray tubes used m radar 
equipment, and as the picture tube 
in television receivers In these, a 
connection must be made from an 
internal element to a metal cap at 
the side of the tube The perfora- 
tion for the cap is made by placing 
a metal slug inside the glass en- 
velope at the spot where the hole is 
to be made The cathode-ray tube is 
then positioned at an electronic in- 
duction heatmg outfit so that the 
metal plug is heated sufficiently to 
melt the glass wall of the tube and it 
diops through the glass, leaving a 
perfectly round clean hole The 
metal connection cap is then placed 
in position and its periphery sealed 
into the glass wall 
A method of welding glass by the 
passage of high-frequency current 
through a restricted area where it 


IS to softened and flowed was re- 
cqptly described by E. M Guyer of 
the Research Laboratories of Com- 
mg Glass Works In this techmque, 
advantage is taken of the fact that 
glass, although normally a non-con- 
ductor of electricity, will permit the 
passage of electric current when 
heated 

Flames from small oxyhydrogen 
burners are used to preheat the 
glass parts to be welded The flames 
are very small and sharp and re- 
striction of the preheated area can 
be closely regulated The preheater 
flames are too small to melt and 
work the glass, but they can and do 
raise the temperature of the glass to 
the point where it ceases to be an 
insulator and becomes a high-re- 
sistance conductor This happens at 
temperatures below the melting 
point and thus avoids destructive 
surface boiling 

The flames next serve as gaseous 
conductors to direct high-frequency 
currents from the metal burner tips 
to the conducting paths already 
established in the glass by the local- 
ized preheating operation Since the 
pm points are velocity directed, 
they impart controlled direction to 
the high-frequency discharge pass- 
ing through them to the glass, thus 
serving as flexible, non-sticking, 
electrical brushes 

The combmation flame- electrodes 
also seive as variable resistances in 
series with the glass load, and exert 
a certain degree of control over the 
flow of the high-frequency heating 


current as they are moved closer to 
or farther away from the glass 
The high-frequency current pass- 
ing through the preheated paths in 
the glass produces a much greater 
heatmg effect inside the material 
than the small preheat flames which 
started the process, and variation 
of the welding current provides ex- 
act regulation of glass temperature 
Similar electrical high-frequency 
cross-fire systems have been ap- 
plied with success not only to hand- 
welding operations and to rotating 
electrical sealmg lathes but also to 
automatic machines 

WELDED GLASS PIPES-<Jlass pipe 
lines have been developed that use a 
cleverly designed and carefully 
engmeered flanged-jomt system 
This permits convenient lengths to 
be coupled and clamped together in 
the process of assembly In certain 
types of service, however, an all- 
glass, one-piece pipe line system 
has very definite advantages 
Because of the high melting tem- 
perature of thick -walled borosilicate 
glass pipes, the process of sealmg 
together lengths of pipe with no 
other tool than a conventional glass- 
fire IS a tedious, time-consuming 
30b requiring great skill on the part 
of the glass worker and resultmg in 
a costly installation The high-fre- 
quency cioss-fire method was re- 
cently used successfully to weld all- 
glass pipe lines The simple portable 
equipment developed for this pur- 
pose makes possible for the first time 




PhotogropH«d during operotion, thii mercury-orc rectifier 
III Allis-Chofmert equipment tepplies 100 kilowatts of power 


A glass-working lothe in operation during one step in os- 
sembty of a high -power Federal tronsmitting vocuum tube 
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the rapid installation, repair, and 
servicing of all-glass lines of any 
length in the field 
The ends of glass pipe are pre- 
pared for welding by removal of 
irregular edges with a conventional 
hot-wire crack-off tool The same 
instrument permits removal of a 
damaged section from a service hne, 
preparatory to rapid i epair by weld- 
ing m a new section cut to length 
at the site of the installation 
Pipe sections to be welded to- 
gether are mounted in accurate axial 
alignment on a clamping jig with 
the ends shghtly separated A small 
toggle lever permits free, easily con- 



Glass-seoling lathe with electronic 
crosS'fire gun developed by Corning 


trolled manipulation without loss of 
axial alignment and provides the 
necessary means for the smooth ap- 
plication of welding pressures, or for 
the application of stretching forces 
to remove excessive upset 
The two glass faces that aie to be 
welded are pie-heated by the pin- 
fires at the tips of the welding guns 
until the glass becomes conducting 
Two skilled operatois aie located 
opposite each othei so that both 
sides of the weld can be critically 
inspected at all stages of the opeia- 
tion When they move the hand 
guns to and fio in slow lotaiy oscil- 
lation, the pipe ends reach a uni- 
form, barely visible dull red 
Next, high-fiequency electiic 
heating is started and rapidly melts 
the two pipe sections together, while 
pressure is applied with the toggle 
lever and followed, immediately 
after the high-frequency power is 
shut off, by blowing and sti etching 
to reduce the upset Annealing then 
eliminates strams 
High-frequency sealmg on rotat- 
ing machines demands less skill on 
the part of the operator smce uni- 
form heat distribution to the work is 
provided by the mechanically syn- 
chronized, regular, and continuous 
motion of the glass parts as they ro- 
tate m the cross-fire 
Experience in the systematic per- 


formance of a sequence of properly 
timed steps and judgment of glass 
temperature are necessary m the 
operation of high-frequency glass 
sealing lathes Mountmg and center- 
ing irregular pieces on the rotatmg 
heads accurately enough to avoid 
wobblmg and fast enough to keep 
up with modern production sched- 
ules hkewise require practice 

AUTOMATIC OPERATION— Fully 
automatic machines into which 
glass parts are loaded and fiom 
which completely finished, electioni- 
cally welded glass products aie im- 
loaded are now m operation Elec- 
ti onic high-frequency sealing can be 
applied to many different glasses 
and many diffeient kinds of glass- 
ware with impoi tant advantages 
over conventional methods High- 
frequency geneiatois are more ex- 
pensive than gas burneis, however, 
and there are many operations 
where electionic heating does not 
show sufficient impiovement over 
gas to warrant the extia expense 
For example, when close heat re- 
striction and contiol aie unimpor- 
tant, there is little to be gained from 
the new methods 
In operations where melting time 
is a significant factor in total pro- 
duction time, and where accurately 
controlled and shaiply localized 
melting can produce a supeiior ar- 
ticle or perform a desirable opera- 
tion which otherwise would be im- 
possible, the electronic techniques 
have no equal 
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PIPE FINDER 

Can be Used to Locale or 
Measure Magnetic Fields 

Called the Giadientometer, a new 
indicatmg unit quickly locates mag- 
netic fields and hence is useful m 
airciaft inspe^on, in locating lost 
tools and undei ground piping, m 
seaichmg for conduits, and so on It 
cancels out uniform magnetic fields, 
such as the e^^th's field, and is de- 
signed primarily to locate magnetic 
giadients It is easily converted into 
a Magnetometer that may be used to 
measure the strength of magnetic 
fields 

MOLTEN METAL 

Pouring Controlled 
by Phototube 

In one foundry, a single operator 
workmg from a remote station gov- 
erns the pouring of seveial ladles 
simultaneously with the aid of a 
photoelecti 1C control that automati- 


cally tips the pourmg ladle back 
when the mold is filled. The heat, 
splashes of molten iron, and other 
hazards encountered in hand pour- 
mg are completely ehminated and 
several, molds are now poured m 
less time than was needed to pour 
one by the former method 

As each group of empty molds 
moves into position before a ladle, 
a photoelectric control mounted di- 
rectly above watches the riser open- 
ing through a viewing tube When 
the molds are in place, the operatoi , 
thiough pushbutton control of the 
hydraulic actuating mechanism, tips 
the ladles of molten iron and the 
white-hot metal flows into the 
molds As it reaches the i iser of each 
mold, the brilliant light thrown off 
by the molten metal signals the 
phototube that the mold is full The 
electronic unit causes the ladle to 
diop back and the pouring auto- 
matically stops 

These photoelecti ic control units 
were made by Photoswitch, Inc , 
and installed in a foundry of the 
Ameiican Biake Shoe Company 

VIBRATION 

Located by Use of 

Electronic Pick-Up 

Cause of vibiation in grmdmg ma- 
chmes at the plant of a manufac- 
turer of high-precision taps has been 
located by an electionic instrument 
The Vibration in one machine in par- 
ticular was causing a laige number 
of rejects 

A G-E electronic vibration veloc- 
ity metei revealed that a set of gears 
in this machine, appaiently in good 
condition, caused the vibrations Re- 
placing the gears ehminated the 
difficulty 

The metei was also used for de- 
tecting low -vibration areas in the 



Electronic vibration detector of work 


plant as a guide m placmg new 
equipment 

The meter consists of a vibration 
pick-up and electronic amplifier 
which measures vibration velocity 
and, together with an integrating 
unit, vibration displacement. 
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METALS IN INDUSTRY Conducted by FRED P. PETERS 


Class-Metal Collaboration 


From Mirrors to Industriol Pumps, Vorious Combinotions of Metols ond 
Gloss Hove been Developed to Serve Specific Purposes ond to Solve 
Difficult Problems. The Electricol ond Chemicol Industries Find Mony 
Uses for Such Portnerships, Retaining the Best Feotures of Eoch 

By KENNETH ROSE 

Enflnaerlng Bdltor, Metals and Allops 


A t first thought glass and 
metals might seem as in- 
compatible as oil and water Most 
common metals are strong, opaque, 
tough, and capable of a degree of 
cold-working, while glass shatters 
at a blow, is ordmarily transparent, 
and cannot be cold-worked at all 
Yet in the unendmg search for new 
materials, mdustry has jomed these 
unlikes in hterally hundreds of uses, 
not merely in association with each 
other, but actually blended into unit 
materials 

In 1835 a German chemist, von 
Liebig, heatmg acetaldehyde with 
ammomacal silver nitrate in a glass 
vessel, noticed that a deposit of 
metalhc silver formed on the glass 
Five years later the process came out 
of the laboratory as one of the most 
familiar articles m which glass and 
metal form a imit — the mirror Since 
von Liebig discovered the method 
for silvermg glass, dozens of varia- 
tions of his process have been m- 
vented 

In the usual mdustnal process 
for makmg mirrors today, the glass 
surface is properly cleaned, then 
primed or sensitized, usually with 


stannous chloride Takmg care to 
avoid touching the prepared surface 
with the hands, it is then treated 
with a silver solution and a reducmg 
agent, such as sugar, tartaric acid, 
glucose, rock candy, pyrogallic acid, 
Rochelle salt, and so on After the 
silver is deposited the mirror is 
rinsed and dried at room tempera- 
ture 

Modem mirrors are not merely 
articles for milady’s boudoir Mir- 
rors for industrial and scientific pur- 
poses range from tiny reflectors for 
use in electrical instruments such as 
the galvanometer to huge mirrors 
for telescopes Nor do mirrors use 
silver exclusively Gold mirrors are 
occasionally used in optical re- 
flectors, and for decorative and ad- 
vertising purposes Once they were 
supposed to possess magical powers 
Small mirrors backed with ruthe- 
nium, the rare platmum-like metal, 
are used for medical and dental 
work despite their high cost They 
have the great advantage of bemg 
unaffected by acids and alkahes 
Platmum itself is occasionally used 
for backing mirrors 

Use 18 made of the mirror-forimng 


reaction in the preparation of the 
parabolic reflectors used for motion 
picture projection in theaters. An 
accurate mold of the reflector is 
first made in glass, and silver is 
precipitated on its surface The 
thickness of the metal film is then 
built up by electroplating a sufficient 
amount of copper onto the silver 
To free the metal reflector from the 
glass mold, the whole is immersed 
in hot water, then in cold, alternat- 
ing several times imtil the metal 
slips off The silver surface is then 
plated with rhodium to make it non- 
tarnishing 

ELECTKOPUTING - Glass, like 
other electrical non-conductors, may 
be electroplated by first applymg a 
conductmg film to the surface Fme- 
ly divided carbon is frequently used 
for this purpose In this way a film 
of any metal that can be electrode- 
posited can be applied to a non- 
conductor Vaporized metals may 
be deposited on the surface of a 
glass article also, forming a mirror- 
like composite These metallic films 
find use in telescope and other re- 
flectors as well as articles other 
than mirrors, as witness the familiar 
Dewar flask, the basis of the Thermos 
bottle, m which metallized surfaces 
serve for heat reflection, the vacu- 
um tube of our radio sets, shielded 
by a conductmg film, and gold-let- 
tered windows and doors 
Metallized glass bottles and bottle 
closures are used as novelty con- 
tainers, especially in the perfumery 
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and cosmetic industries. Gold letter- 
ing, when applied to glazmg m place, 
is accomplished by the use of metal- 
lic gold leaf and an adhesive Re- 
cently, vaporization of magnesium 
has been tried for the production 
of Dewar flasks Nickel mirrors have 
also been prepared from nickel car- 
bonyl compounds 
The incandescent lamp and the 
vacuum tube have presented their 
own problems m glass-metal col- 



Oourt«7 Oomlnt OlMi Work* 


laboration Early mcandescent lamps 
were evacuated instead of being 
nitrogen-filled, and considerable dif- 
ficulty arose in carrying the con- 
ductors through the glass envelope 
The greater expansion of the metal 
wire caused gradual leakage at this 
point It was solved by sealmg tmy 
bits of platinum wire into the glass, 
jommg to baser metal mside and 
outside the envelope Platinum was 
selected because its coefficient of 
expansion is very nearly that of 
glass Cheaper alloys of low expan- 
sion have smce replaced the noble 
metal 

SOLDERING— For certam types of 
vacuum tubes, the heart of the mod- 
ern science of electronics, metal 
diaphragms must be placed m the 
walls of the glass envelopes Metal 
must be fastened to glass so solidly 
that a hermetic seal is maintained 
even under the changing tempera- 
tures of the tube m operation, and 
with an extremely high vacuum in 
Jie tube In those tubes intended for 
war use, as well as in many types 
for industry, vibration and shock 
are added service hazards Metalliz- 
ing techniques have been developed 
that permit soldering metal parts 
to the prepared area, the resulting 
bond being so secure that the glass 
itself will break before the bond 
fails 

The ability to deposit metal films 
on glass IS valuable in other elec- 
tiical applications also Glass tubes 
with metallized bands serve as re- 
sistors in electrical applications for 
which such special requirements as 


corrosion resistance must be met 
Similar glass tubes with metal de- 
posited as a coil may be used m 
transformers, obviating the use of 
wire coils Wherever needed, this 
method makes it possible to plate 
conducting channels mto one of 
electricity’s best insulators, glass, 
conductor and insulator becoming 
one unit material Silver films on 
glass form radio condensers of spe- 
cial types 

Electrodeposition of metals on 
glass is sometimes used in the 
chemical industry, where thermom- 
eters must withstand hard service 
When temperature readings are re^* 
quired in a time interval so short as 
to preclude armoring the thermom- 
eter bulb, deposition of a heavy coat 
of corrosion -resistant metal over the 


dustries, glass tubing must some- 
times be hermetically sealed into 
metal forms The same metallized 
areas and soldering solve this diffi- 
culty also. 

WIRE-DRAWING-Not aU glass- 
metal combinations consist of metal 
films on glass, however. A recent 
development in the wire-drawing 
mdustry illustrates an entirely dif- 
ferent type of use A difficulty in 
drawing wires of steel or stainless 
steel is the need for feedmg thor- 
oughly annealed metal into the 
wire dies, in which it must imdergo 
severe cold-workmg The metal 
must be free of surface oxides also, 
as these would be forced into the 
wire during the drawing operation 
A means of annealmg the wire has 
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bulb has proved effective in reduc- 
ing breakage 

Metal ornamentation of glass is a 
procedure of long standing Gold 
and platinum bands are applied to 
glass tumblers by means of metal 
paints, consisting of the metal or its 
compounds mixed with an essential 
oil The paint is applied to the sur- 
face of the article, then fused in 
For large-scale production the en- 
tire operation is done mechanically, 
plain tumblers being fed into the 
machine by an attendant and re- 
moved with metallic bands applied 
and fused m 

For various mechanical purposes 
it is desirable to have metal lugs 
firmly attached to glass Platinum or 
silver films, electrodeposited or 
painted and fused, form a basis foi 
soldermg such attachments In high- 
vacuum work in the chemical in- 


been found in which a bath of 
molten glass is used The wire is 
fed into the bath, which has a tem- 
perature of 1900 to 2300 degrees, 
Fahrenheit, accordmg to the type of 
steel, held there for from 10 seconds 
to three mmutes for annealulg, then 
withdrawn from the opposite side 
of the bath and coiled A coating of 
glass adheres to the wire, preventing 
contact with air during the cooling 
period As cooling progresses below 
the temperature range at which 
rapid oxidation occurs, the glass 
shatters and separates from the 
wire, taking any oxides with it The 
glass may be collected and re-used 
The same process may be used for 
narrow steel strip and its use for 
sheet steel and bar stock has been 
predicted By a slight modification 
of the process, in which molten glass 
is sprayed onto the metal by spray 
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guns, the method has been adapted 
to annealing rods 

To reduce corrosion of stainless 
steel wire during annealing, it had 
been standard practice to coat it 
with lead The lead was difficult to 
remove completely Glass processing 
was found to be not only satisfactory 
m itself, but also to provide a means 
of removing the lead coating when 
desired 

Chemical equipment frequently 
makes use of the corrosion resistance 
of glass, but finds the strength and 
fieedom from breakage of steel de- 
sirable also For large vessels not 
easily fabricated from glass alone, 
steel may be formed or partially 
formed to the required shape and 
lined with glass which is fused to 
the steel surface By present tech- 
niques it is possible to weld such 
steel- glass vessels to similarly lined 
pipe, and so to form the equipment 
into a single unit Apparatus of this 
type finds use especially m the 
preparation of dyes, drugs, and 
medicmals, including vaccines and 
penicillin, which must be free from 
even minute particles of contami- 
nating material 

Godet wheels, used in the rayon 
industry, may be economically 
formed of glass, and here the corro- 
sion resistance of glass is of great 
importance also However, the glass 
wheel must be mounted on a steel 
spindle for operating It has been 
found possible to cast a lead bush- 
ing into the glass wheel, and to 
machine this bushing to fit the steel 
spindle accurately, so that the wheel 
functions with runout held to very 
close limits 

The chemical industry also ap- 
preciates the resistance to chemical 
attack offered by glass to the extent 
of constructing centrifugal pumps 
of this material Here again there 
arose the problem of attaching the 
glass impeller to the metal drive 
quill Use was made of those low- 
meltmg bismuth alloys that have 
been adapted to so many new pur- 
poses within the past few years The 
steel quill was mseited into the 
glass impeller, and locked in place 
by pouring Wood’s metal around it 


Final finishing of the intricate glass 
part then took place 

An even simpler method of per- 
manent attachment of glass and 
metal is used m the case of a glass 
float The float must be attached to a 
metal rod to actuate a liquid shut- 
off valve to a tank In fusing the end 
of the glass float to seal it, a slight 
flange is formed m the glass A 
threaded brass spud is then spun 
over the flange, and the rod screwed 
into the spud 

METAL INSERTS-It is frequently 
necessary to insert a small metal 
part, often threaded, m a glass form 
in order to attach other metal parts 
Because of the difference in expan- 
sion of glass and metal when heated, 
it has heretofore been almost impos- 
sible to make these insertions at 
the time of formmg the molten glass 
A new process, called multiforming, 
offers a solution of the insert prob- 
lem Here the glass is powdered, 
then formed m a mold with the m- 
sert in place, and finally sintered at 
a relatively moderate temperature 

Metallic lead has been quite gen- 
eially used for shielding operators 
from the harmful radiations from 
X-ray equipment, but it is frequent- 
ly desirable to view the work dur- 
ing the period of radiation A type 
of glass containing 61 percent lead 
has been produced, offering X-ray 
protection equivalent to about one 
third its thickness of metallic lead 
It IS about twice as heavy as ordi- 
nary glass 

Applications in which glass and 
metals are close collaborators with- 
out becoming a imit material are 
exceedingly diverse Several recent 
developments are the use of metal - 
supported glass fibers as filter units 
for air conditioning, steel-framed 
glass bricks for construction, glass 
fiber insulation of copper wire and 
other electrical conductors in ap- 
plications where temperatures make 
combustible insulation undesirable, 
watchmen’s booths of armor steel 
and bullet-proof glass, and metal- 
supported glass fibers for heat in- 
sulation in domestic ranges, aircraft, 
and pipe lagging 


^ ^ 9 

ALUMINUM BEARINGS m tiuck, tractoi, and automobile 

Stand Up Well engines 

Under Hard Service Among the most valuable proper- 

A ties they possess for this service is 
SIGNIFICANT development in the their high heat conductivity, which 
bearings field is the growing use of keeps surface temperatures down, 
aluminum-alloy bearings for heavy- and their good frictional character- 
duty service Alloyed with tin, and istics Lightness, too, is often an im- 
runnmg against hardened shafts or portant mechanical advantage 
journals, the aluminum bearings are The aluminum beaiings aie made 
successfully withstanding high loads as solid bearings (rather than as 


hnmgs) — usually cast Considerable 
interest has recently been shown m 
aluminum bearings made from met- 
al powders, which possess the addi- 
tional advantages of lighter weight 
and greater oil-carrying ability be- 
cause of their characteristic porosity. 

PREPLATED METALS 

Save Materials and 

Speed Production 

Just taking hold at the war’s out- 
break, the idea of usmg “preplated” 
metals for various corrosion-resist- 
ing products has found wide accept- 
ance in the past few years 

Instead of the conventional prac- 
tice of buying strip steel, stamping 
or punching out the required parts, 
and then electroplating or lacquer- 
ing them individually, the manufac- 
turer may now purchase sheets or 
coils of steel or other base metal al- 
ready plated in bright chromium, 
nickel, copper or brass The pre- 
plated strip may then be stamped or 
formed, the plate being such as to 
withstand any but the most severe 
operations without flaking or peel- 
ing 

Preplated metals are reported to 
have saved tons of critical corro- 
sion-resistant alloys and much pro- 
duction time during the wai period 

BLACKENED STAINLESS 

Developed for War, Has 

Peoce-J ime Possibilities 

Developed originally to provide a 
corrosion -resistant metal that would 
not reflect light when used m gun 
parts, a new group of blackened 
stainless steels are now being studied 
by post-war-planning engineers for 
possible peace-time uses 

The process, patented by Rustless 
Iron and Steel Corporation, may be 
applied to straight chromium or 
nickel-chromium stainless steels and 
consists of immersing the parts to be 
blackened m a molten bath of 
sodium (or other) dichromate at 
about 750 degrees, Fahrenheit An 
adherent, ductile, abrasion -resistant, 
0 00001-mch-thick black coating re- 
sults that does not harm the corro- 
sion-resistance of the steel 

Used in the Army’s Garand rifle 
and in the Navy’s Bludworth depth 
sounder, the blackened stainless 
steel IS believed to have interesting 
possibilities for such peace-time 
products as bolts, screws, molding, 
trim, motion picture projectors, 
photographic equipment, surgical in- 
struments, jewelry, and other black 
parts requiring corrosion and heat 
resistance, stratospheric cold-tough- 
ness, non-magnetic properties, and 
high strength-weight ratio 
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RAILWAY TRANSPORTATION Conducted by C B PECK 


Turbines On Rails 


F amiliar steam cylinders, cross- 
heads, and main diiving lods of 
the conventional locomotive are 
missing on the Pennsylvania’s No 
6200, and a large covered pipe ex- 
tends alongside the boiler on the 
light side of the locomotive These 
are the superficial eaimaiks of the 
first gear-drive steam-turbine loco- 
motive in America 

Structurally, this locomotive fol- 
lowf well-established lines The 
usual cylindei castings have been 
replaced by a steam-turbine diiv- 
ing unit, which consists of foiward 
and reverse turbines and speed-re- 
duction geais which connect the 
turbines to the Number 2 and 3 
pairs of driving wheels The large 
pipe on the right side of the boiler 
carries the exhaust steam from the 
forward tuibine casing to the ex- 
haust nozzle in the smokebox This 
creates the diaft just as in the re- 
ciprocating steam locomotive, except 
that the steam and gases issue from 
the stack with a steady blow, un- 
accented by the customary shaip 
beats of the exhaust of the lecipro- 
cating locomotive 
The Pennsylvania Railroad be- 
came interested in 1937 in improv- 
ing the performance of steam pas- 



Driving>oxl« ond moin dnving-geor 
ossembty When completed the cush- 
ion springs between the gear ond the 
oxle -spider arms will be enclosed 


At Operating Speeds, the First Locomotive In America to be Driven by a 
Steam Turbine Geared Directly to the Driving Wheels Compares Fav- 
orably With the Most Economical Reciprocating Units A New Era of 
Rail Power Moy be in the Making as this Locomotive Accumulates 
Mileage The Unique Gears are Being Carefully Watched by Engineers 


senger locomotives by the use of 
a geared steam turbine instead of 
the customary reciprocating steam 
engines In the development of the 
design, engineers of the Baldwin 
Locomotive Works worked with 
those of the railroad and of West- 
inghouse Electric Corporation The 
drawings were ready late in 1941 
Waitime difficulties m getting mate- 
rials required a number of changes, 
but the locomotive was finally de- 
livered to the railroad in September, 
1944 

The locomotive is designed to de- 
liver 6900 turbine shaft horsepower 
in forward motion and is intended 
for high-speed freight or passenger 
service The length and weight of 
modern passenger trams have grown 
so great, and the speeds demanded 
of freight trams have become so 
high, that the same kind of locomo- 
tive has become suitable for both 
services 

Because of the greater weight re- 
quired by the substitution of cer- 
tain non-critical materials for the 
stronger or lighter materials origi- 
nally specified, it became necessary 
to replace the four-wheel leading 
and trailing trucks with six -wheel 
trucks and the locomotive is desig- 
nated as a 6-8-6 type (six- wheel 
leading truck, eight-coupled driv- 
ing wheels, and a six-wheel trailing 
truck) The boiler carries a working 
steam pressure of 310 pounds The 
pressure at the steam turbine inlet is 
285 pounds per square inch gage, 
and steam is delivered from the 
superheater to the turbine at tem- 
peratures up to 750 degrees, Fahren- 
heit 

Three features of this locomotive 
are of outstanding interest These 
are the turbine and reduction -gear 
unit, the unique adaptation of the 
quill drive so well established on 
electric locomotives, and the meth- 



Tbe raverse-gtor turbine ond trans- 
mission unit are bolted to the mom 
gear casing Clutch is at the left 


od of single-lever control of the 
speed and direction of the locomo- 
tive 

TURBINES AND GEARS-The tur- 
bines (there is a separate tuibme 
for movmg the locomotive back- 
wards) and the reduction gears are 
assembled m a rugged casing which 
accurately maintains the alignment 
of all shafts This casing fits into the 
space between the two main side 
frames of the locomotive and is sup- 
ported at each end by a frame cross 
member When assembled it com- 
pletely surrounds the second and 
third driving axles 

The forward turbine comprises 
one Curtiss two-row stage and five 
single- row reaction stages Steam 
is admitted through four nozzle 
groups, each fed by a three-mch 
steam pipe A steam header and 
throttle valve are located at the top 
of the smokebox behind the smoke 
stack Steam from the superheater 
units IS admitted to the nozzle pipes 
by four cam -operated valves which 
are opened m succession and which 
can be moved in small Increments 
Close regulation of speed and power 
IS thus attained 

At a locomotive speed of 100 miles 
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an hour the turbme shaft rotates at 
approximately 9000 revolutions i)er 
minute The double-hehcal high- 
speed pinions are on a hollow shaft 
The drive shaft extends through the 
hollow shaft and is connected to it 
at the opposite side of the unit 

The reverse turbme is a smgle 
Curtiss double-row stage which is 
mounted on an extension of the re- 
verse pinion shaft This double-heli- 
cal pmion drives a double-helical 
reverse gear which, m turn, drives 
the mam pinion through a dog clutch 
on the end of the main pinion shaft 
The forward turbme is permanently 
connected to the gears and rotates 
when the locomotive moves back- 
ward 

Steam is admitted to nozzles in 
the base and cover of the reverse- 
turbine cylinder from a smgle inlet 
pipe, which is supplied through a 
cam-operated valve similar to those 
which supply the forward-motion 
turbine The maximum speed at 
which the locomotive should operate 
backward is 22 miles an hour At 
this speed the reverse turbine ro- 
tates at approximately 8300 revolu- 
tions per minute and develops 1500 
shaft horsepower 

The mam double-helical high- 
speed pinion meshes with two pairs 
of double helical gears Between the 
double helicals are the single spur 
gears, each of which, m turn, meshes 
with one of the large axle drive 
gears 

Several features xn this unit are 
unusual The tooth loads and the 
surface hardness of the contact sur- 
faces of the helical pinions and gears 
are more than double the values 
customarily used Agam, great care 
was exercised in the design to pre- 
vent any possible locomotive frame 
distortion from being transmitted 
through the gear case to the heavily 
loaded gears and their bearings To 
accomplish this the attachment of 


the gear case on the locomotive 
frames is through a three-pomt sus- 
pension. At one end of the case is 
a wide horizontal tongue which fits 
into and is secured to the Jaws of a 
horizontal bracket. The bracket is 
secured to the frame cross-member 
Bosses both top and bottom along 
the sides of the tongue fit snugly 
between the Jaws of the bracket and 
provide two points of suspension 
which fix the vertical alinement of 
the gear case between the frames 
The position of the case is stabil- 
ized at this end by rubber com- 
pression blocks between the sides 
of the gear case and the bottom 
rails of the frames 
Instead of a jaw-and-tongue at- 
tachment, the bracket which sup- 
ports the other end of the gear case 
on the locomotive frames has a 
longitudinal trunion which fits m a 
bearing in the end of the case It 
will be seen that the gear case is 
thus completely lelieved of stresses 
which rigid connections would 
transmit to it from slight torsional 
or lateral bendmg strains in the 
frames 

QUILL DRIVE — Since the gear case 
is attached to and aimed with the 
locomotive frames, and the frames 
are supported on the driving boxes 
by springs and equahzers, it is evi- 
dent that the alinement of the driv- 
ing axles vanes through a consid- 
erable range from a parallel and 
concentric relationship to the axis 
of the driving gears The quill drive 
was developed to meet this situation 
and has been used on a large num- 
ber of electnc locomotives In these 
locomotives the frames and Journal 
boxes are usually outside the wheels; 
the driving motors, which occupy 
the space between the drivmg 
wheels, are rigidly attached to the 
frames The rotation of the mam 
gears is transmitted directly to the 


driving wheels by spring-cushion 
cups on lateral projections on the 
gear which extend between and 
bear against the spokes of the 
wheels. The driving axles pass 
through the hollow shafts of the 
main gears with ample clearance to 
permit them to adjust themselves 
for the necessary changes in rela- 
tive almement. 

The same principle is employed 
on the steam-turbine locomotive 
But because the driving wheels are 
outside the frames, the drive com- 
prises a smgle low-speed spur gear 
for each of the two axles Each gear 
IS located on the longitudinal center 
of the frame and aroimd the axle 



Tronsmisilon unit with covers re- 
moved from mom gear cosing, forword 
turbine (left), ond reverse turbine 
(right) Spur geors between the 
helical geors mesh with the axle geor 

which it drives through a smgle 
spider pressed on the axle 
The hardened faces at the ends of 
the radial arms of the spider bear 
against sprmg- cushioned cups which 
slide m sockets on the inside of the 
low-speed spur-gear rim The quill 
constitutes seats for roller bearings, 
one on each side of the gear center. 
The gear is alined by the outer 
housings of these bearings which 
are bolted in the sides of the gear 
case 

The spring cups serve to cushion 
the turbme and gearing from the 
shock of sudden changes m velocity 
of the locomotive, as well as to 
transmit rotation between two mis- 
almed systems Enclosed in the re- 
duction-gear case, they are lubri- 
cated by a bath of heavy oil 
Each gear dehvers power to two 
pairs of driving wheels. To equalize 
the load on the two gears, all four 
pairs of drivers are connected by 
roller-bearing side rods. 

The bearings of the high-speed 
pinion and the high-speed gear are 
lined with a tin-base babbitt Be- 
cause of the high linear velocity of 
the high-speed pinion shaft m ito 
bearings, more than the usual 
amount of clearance is required in 
the bearings The bearings of the 
high-speed gears are internal, being 
mounted in the hollow-bored ends 



Tht first direct 'drhrtn steom- turbine locomotive built in tbe United Stotet 
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Reduction-geor cosing ond driving- 
axle assembly with the turbines re- 
moved The clutch for the reverse 
drive IS seen ot the upper center 

of the spur pinion shaft on which 
the two helical gears are shrunk 
The bearings rotate with the gears 
on fixed steel trunions secured to 
the sides of the gear case 

SINGLE-LEVER CONTROL - A 

single lever at the right side of the 
cab and immediately in front of the 
engmeman’s seat controls both the 
speed and direction of the locomo- 
tive The lever moves forward and 
backward in a slotted quadrant 
The slots are parallel but not in line 
with each other and at the central 
position of the lever in the middle 
of the quadrant it can be ciossed 
over from one slot to the other 
The central position of the lever is 
the “off” position Moving it mto the 
forward slot controls the flow of 
steam to the forward turbine The 
flow of steam and the speed of the 
locomotive are mcreased as the for- 
ward movement of the lever is in- 
creased Moving the lever back 
towards the center of the quadrant 
reduces the steam flow and at the 
center stops it entirely. With the 
locomotive at rest, crossmg the lever 
over and movmg it backward m 
the rear slot first engages the 
clutch between the backward tur- 
bme reduction gear and the end 
of the double-hehcal high-speed 
pmion shaft m the mam gear case 
and then admits steam to the back- 
ward turbine Until the clutch is 
engaged, steam cannot be admitted 
to the turbme 

These functions are performed by 
a so-^called “pneudyne” control sys- 
tem furnished by the Westinghouse 
Air Brake Company The pneudynes 
are pneumatic cylinders controlled 
by air valves The one for the for- 
ward motion is located on the 
engineman’s side of the locomotive 
and rotates the throttle-valve cam 
shaft through a rack and pmion 
The reverse pneudyne is located on 
the fireman’s side of the engine and 
IS connected by lever to the reverse- 
throttle cam shaft The system m- 
cludes over-speed and low-lubricat- 
ing-oil-pressure protection valves 
l^ese operate to dose either 


throttle by exhausting the control 
air to the atmosphere if the locomo- 
tive speed exceeds 110 miles an hour 
forward and 25 miles an hour back- 
ward, or if the oil pressure falls be- 
low five pounds per square mch 
The clutch which transmits power 
from the reverse turbine to the 
main gear case is hydraulically ac- 
tuated Engagement or disengage- 
ment of the clutch when the loco- 
motive IS movmg is prevented by a 
“zero speed” interlock in the pneu- 
matic-control circuit 

BOILER — The boiler is of large ca- 
pacity with a total combined 
evaporative and superheating sur- 
face of 7042 square feet and a large 
firebox and combustion chamber 
with a grate area of 120 squaie feet 
Its largest outside diameter is 102 
inches One of the reasons which 
makes the large boiler possible 
IS the small diameter of the driv- 
ing wheels Because of the desir- 
ability of keeping piston speeds 
within certain limits, the diameter 
of the driving wheels of recipiocat- 
ing steam locomotives intended for 
high-speed seivice are usually not 
less than 78 inches and are fre- 
quently 80 inches Because of the 
absence of pistons, the uniform 
torque of the turbine, and the com- 



Reverse-gear casing with top removed 


plete rotatmg balance of the wheels 
and their side rods, there is no need 
to keep down the revolutions per 
minute of the turbme locomotive 
drivmg wheels. They are only 68 
inches m diameter on No 6200 This 
admits of a larger boiler without 
exceeding top clearances 
No 6200 carries 260,000 pounds on 
the drivmg wheels and the total 
engine weight is 580,000 pounds 
The tender, loaded with 18,000 gal- 
lons of water and ZlVz tons of coal, 
weighs 449,400 pounds The locomo- 
tive exerts a startmg tractive force 
of 70,500 pounds forward and 65,000 
pounds backward. 

STEAM CONSUMPTION - Unlike 
the reciprocatmg steam locomotive, 
when steam is admitted to the steam 


turbme there is nothing to prevent 
it from blowing through to the ex- 
haust even though the blades of the 
turbme rotor are stationary In the 
reciprocatmg engine, it is only after 
movement of the pistons that steam 
can be exhausted from the cylm- 
ders Hence, the steam turbme has a 
very high rate of steam consumption, 
measured m poimds per horsepower 
houi, m the stalling and slow-speed 
range 

The unit consumption drops 
rapidly, however, and m the normal 
range of operating speeds the steam 
consumption of the turbines seems 
likely to compare favorably with 
the most economical reciprocating 
locomotives, if not better than some 
of them In measuring this per- 
formance against the high efficiency 
of the steam turbme m central- 
station practice, it must be remem- 
bered that the turbines on locomo- 
tive No 6200 operate at relatively 
low initial pressure and that they 
exhaust to the atmosphere — that is, 
they opeiate non-condensing 


^ ^ ^ 

TURBINE LOCOMOTIVES 

Three More Types 

Coming Along 

Participating m a co-operative de- 
velopment of a steam-turbme- 
electric locomotive which has been 
under way since November, 1944, 
are General Electric Company, 
Babcock and Wilcox Company, and 
nine railroads This locomotive will 
bum pulverized coal, will generate 
steam at 650 pounds per square 
inch, and will develop 6900 shaft 
horsepower m a non- condensing 
turbme By the use of pulverized 
fuel the sponsors anticipate the pro- 
duction of a horsepower-hour at the 
drawbar with one third less fuel 
than required by the most efficient 
conventional steam locomotives 

Turbme-dnven steam locomotives 
departing from the conventional 
locomotive form have been proposed 
by the Pennsylvania and the Chesa- 
peake & Ohio Railroad In general 
arrangement the two locomotives 
will look somewhat alike The one 
for the Pennsylvania, however, will 
be driven by two geared steam tur- 
bines developing a total of 9000 
horsepower. That for the C O 
will be driven by a 6000-horsepower 
steam turbine through electric gen- 
erators and motors. The basic de- 
sigtiB have been completed by the 
Baldwin Locomotive Works. The 
electrical equipment will be built 
by the Westinghouse Electric Cor- 
poration. 
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IN OTHER FIELDS 


Conducted by The Staff 


Solarization 


Glass in Ultra-Violet Lamps Tends to Deteriorate or Solorize as the 
Lamps are Used A New Glass Has Now Been Developed which Trans- 
mits Ultra-Violet Radiation Freely but Does Not Solarize How it Wos 
Determined that Alkali in Glass is the Cause of Solorization 


By DR HARVEY C RENTSCHLER 

Director of Research lamp Division 
Weatlnifhouse Electric Curpuratlon Bloomfield New Jersey 


T he efficiency of an ultra-violet 
lamp IS dependent upon the 
ability of the glass to tiansmit shoit- 
wave ultra-violet radiation, in many 
commercial lamps the life of the 
electrode governs the life of the 
lamp Together, then, the glass and 
the electrode govern the overall 
useful production of ultra-violet 
radiation 

There are now available bac- 
tericidal ulti a- violet lamps having 
electrodes of indefinite life, but full 
advantage of these long-lived elec- 
trodes could not be taken because 
of the deterioration or “solarization” 
of the glass which resulted m a de- 
crease in its ultia-violet transmis- 
sion efficiency 

Recently, however, there has been 
introduced a new glass which prac- 
tically solves this pioblem Manu- 


factuied by the Corning Glass 
Woiks undei the tiademark Vycoi, 
it possesses the unprecedented char- 
acteiistics of being able to tiansmit 
almost peifectly all ultra-violet 
radiation of wavelengths longer 
than about 2500 angstrom units and 
shows very little, if any, solarization 
upon exposure to short-wave radia- 
tion At the same time, this glass 
transmits very little radiation below 
2000 angstroms This factor elimi- 
nates the production of excessive 
quantities of ozone by these short 
wavelengths, which is one of the 
objections to using quartz for bac- 
teiicidal lamps 

Vycor is a borosilicate glass con- 
taming about 96 percent silica In 
some lespects, it is similar to quartz 
It has an expansion coefficient of 
of 7 5 X 10~", which makes it neces- 



Dr Rentschl«r, the author 
of the occompanymg 
article, insefts (left) 
a carbon cup con< 
taming powdered glass 
into the lower jaw 
of the spectroscope's ore 
stand It was in 
the course of such work 
that the cause of solorization 
of glass by ultro- 
violet rays was determined 
Right A close-up of a 
burning somple in 
the carbon electrode 
after igniting 


sary to join seveial types of glass 
to form a graded seal so that a 
glass having an expansion coefficient 
close to that of the metal electrode 
leads can be used to produce a 
vacuum- tight joint at the point 
where the leads aie sealed into the 
lamp 

Zschimmei (Physik, Zeitbch 8, p 
611-1907) pointed out that boric 
oxide, BjOs, and silica, S 1 O 2 , m their 
pure state are very transparent evei 
below 2000 angstroms, that the addi- 
tion of metallic oxides lessens the 
ti anspai ency , that sodium oxide, 
Na 20 , acts more strongly than potas- 
sium oxide, KjO, and that lead ox- 
ide, PbO, absorbs very strongly 

METAL OXIDES--The absence of 
transmission of ultra-violet m ordi- 
nary window glass is generally at- 
tributed to the presence of metallic 
oxides m the glass In addition to 



the alkali oxides mentioned above, 
all glasses contain small traces of 
iron, magnesium, aluminum, man- 
ganese, and titanium Solarization 
has been commonly attributed to 
the action of the ultra-violet m con- 
verting the metallic oxides from one 
form to another 

The fact that Vycor and quartz 
show only negligible solarization as 
compared with the solarization as- 
sociated with all the glasses that 
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SENSATIONAL WAR BARGAINS 


ut 


LENSES t PRISMS 



5 

WElCnr APR0X.^/4lE 


SILVERED TANK PRISM 
90-45 45 df|r«e. 5%" lonn 2 Vi" wide, Hnely 
ground and polished Would noriuully retail from $J4 
ti» $iO «ach 

Stock #3004 S $2 00 each Postpaid 

UllustraUd booklet on PrNmM liuliidcd FREP) 

FOUR SILVERED TANK PRISMS— 
SPECIAL $7 00 

Postpaid This is the iiiu^t 'lensatlonul biigiin 

\»» >uiM bem uhle to offer 


VIOLET 

INDIGO 

BLUE 

Gtte&4 

YILIOW 

ORANGE 

RED 


HOLD PRISM IN SUN’S RAYS 


4-WALL 


SPECIALS IN LENS SETS 


TANK PRISMS 

90 - 45-45 degree prisms of huge size — 
5%" long, 2 Vs" wide, finely ground 
and polished Used to build a Peri- 
scope excellent also foi expen- 
ments, classroom demonstiations at 
high schools, colleges, camera clubs, 
astionomy clubs Some of our inge- 
nious customeis have used these 
Prisms to make cameia steieo attach - 
ments, photometer cube, lange findei, 
etc Normally, these Piisms would re- 
tail fiom $24 to 30 each 

SEE THE COLORS OF THE SPECTRUM 

It s easy to remove the sihrcritiK from i silvered 
prism to make an iiitciestinK cxpenmciit Hold 
ptism in sun’s rays as shown in diawing White 
incichiit light which passes througli prism is thus 
broken up into a band of primary colois known as 
the spectrum — a beautiful sight! Dy looking through 
a tank prism at a certain angle, >ou can sec a 
world of colors everywhere Truly amazmgl 

MISCELLANEOUS ITEMS 


T Advirtlsino Special” — 15 lenses StockNo Item 

A? booklet For 5006 S— Porro \bbe PrUm Lach 
lopylng ULTRA llObLlP SHOTS, macropliotog- 3016 S — Pent4)gon PrLsm Elach 

rapby. txperlmenUl optica, magnifying end for making 2024 S— 10 Pieces Circular A-1 Plate Glass 


a two power f/16 Telephoto Lena, Dummy Camera 
kodachrome Viewer, DETACH \BLK REhLLX VIEW 


(Dlam 31 mm —for making Ulter) 25 
1004 S — 2 Hiduting 1 enses 1 20 


HNDLK for 35 mm camtras etercoM opic vliwer, 30015 — Lens Surface Pyism Lich 


ground glass and enlarging foi using aids, TKLBs( OPES, 
low power Miiroscopis and for many other uses 


503 S — 1 Sable Hair Lettering Brush Doain 100 


low power Mliroscopu and for many other uses 3021 S -Amici Roof Prism (trd(.rude) Laih 

C-* M.’tc m .i-ri. r> * . * . 4009 S-— Heat Absorbing Glass 4" x '5" kaelj 

Set #15-S — “The Experimenter’s Dream” — 62 4010 S— Heat Absorbliw Glass i ' x *> ' h 

2020 5—10 mm Neg Lens. Cross Jiks >acli 

With Chippsd Edpe Ltnsts $15 00 Post- 3020 S — UiKht Aniclc Prism 48 miii nldt f “ir 
paid The >arlety gf Lenses and Prlstns in this set grade ) Ksth ^ 

will enable you to conduct countless experiments 523 S-Slx Threaded Metal Reticle (ills 

build a great variety of Optical Equipment A sense 26 5- -First Surface Aluminized Mirror Dian 
tionel buy ^^suh 


NEW 50 PAGE IDEA BOOK “FUN WITH 
CHIPPED EDGE LENSES" 

Contains wide variety of projuts and fullv covers the 
fiMlnatlng uses of all Linses In sets listed alxne 
only $1 00 Postpaid 


RAW OPTICAL GLASS 


-■ \ii exceptional oppor luuj > -'ll! I’owir Rllcroscooi I ms *Mf 

ir'/i'*' rll “"Ti 102gS- 8 Po»ir Mminted M«*n!n.r kiich 


grade ) K-ith 35 

523 S — Six Threadid Metal Reticle (ills 25 

26 S- -First Surface Aluminized Mirror Diam 

lU" Laih 25 

624 S— Neut ral Ray Filter size x3‘/." 25 

3022 S -Round Wedgt 65 mm Dlam 5 00 

3036 S— Roof Prism — 80 di gree, fin i 1 " 

wide Each 4 (X) 

22 S — Incllnomcti r— Aircraft type Lull 25 

704 S — 'Lins (leaning Tissue, one ri ini (480 

sheets), size 7H" X n ' 150 

6002 S- Edik at iona] SU 1 blank and i fliiishi.il 

Porro Prism (Sn! grade) Sit 25 

1(X)3 S -50 Powir Mlcroscopi I ms Sit 70 


both Crown and Flint glass (seconds) in varying 

Slagles of processing Many prism blanks p*' ' ‘ 
Stock #703 S — 8 lbs (minimum weiglit) |A/i 

55 00 Postpaid 

Stock #702 S — IM, lbs $1 00 Postpaid 

KELLNER EYE PIECE LENS Jncil 

Iingth 1% inches Dl'imetc>r of eye lens 
Ih mm Diameter of flcld lens 23 ram Eye 
nhromat already cemented 

Slock #6108 S $1 00 Postpaid 

PERFECT ACHROMATIC TELESCOPE OBJEC 6082 

TIVE LENS Dlam ]\ inihes, F L 30 6084 

ini Ins 6085 

Stock #6091 5 $5 00 Postpaid 6086 

CLEANING BRUSH SET For Lenses gold 

Optkal Instruments itc PerftcL quality - 5111 

12 Inch Fkxibli Plastic handle hollow circu- gug 
lir (ofwst Range from stiff to verv soft 

< Hrusins to sit ASTt 

Stock #504 S— (Reg $6 00 value) Price $1 00 L ^*'^*^*J 


Mlnimun order—- $1 00 


WAR 

SURPLUS 

Oia. 

ACHROMATIC 

F L 

LENSES 

Stock No 

in mms 

in mms 

Comments 

Price 

6017 S* 

12 

80 

( ennntiil 

50c 

6019 $♦ 

15 

41 

( iimiittil 

60c 

6023 S* 

25 

05" 

( lani III 111 

75c 

6078 S* 

(3 

140 

InciuunUd 

70c 

6081 S* 

15 

55 

Unciinented 

70c 

6082 S* 

37 

57 

Ciuetni nttil 

70c 

6084 S* 

41 

Ob 

Vneimintcd 

70c 

6085 S 

45 

135 

1 nci minted 

$1 00 

6086 S* 

49 

75 

Ciiiimintid 

90c 

6089 S 

5b 

90 

1 iKiniintid 

$1 00 

6094 S 

1(( 

75 

Pirful ( imenl 

id $100 

6111 S 

HI 

3b 

Cementeil 

75c 

6116 S* 

41 

6(1 

( i mi tiled 

$1 00 

ASTERISKED ITEMS may 

Magnesium Fluoride coating 

he n quisled with iiiw 
at 10c extra 

Inw reflet t Ion 


All Items Finely Ground and Polished 
hut Edges Slightly Chipped or Other 
Slight Imperfections Which We Guar^ 
antee Will Not Interfere with Their 
Use, Come Neatly Packed and Marked 

YOU CAN EASILY MAKE 

Telescopes Magniliers, Photographic Gadgets and 
Hundreds of Experiments with these Low Cost 
Lenses 

To translate millimeter measurements 25 4 mm 
equals one inch 

8 MM MOVIE PROJECTING LENS SET— 

Consists of 2 AihroiniiU I ense^ diam 15 mni 
iiid a k I ulieii lumtiiiud of appiox oiir Inoli Each 
kna has the new ni ignesliini fluoride low riflectlon 
lonttng 

Stock #4011 S $1 40 Postpaid 

POLAROID (Dvid to itdiiii light tr itismbslori) - 
Suitable for Experimentation 

(oiislsts 2 di^cs — 2’.' diam Sonn Imperfictlons in 
glass 

Stock #622 S $1 00 Postpaid 

12 POWER COLOR CORRECTED MAGNIFIER SET 

— C’onsjsts of two 15 mm diam nngneiliim fliioildi 
low ri 111 (lion rontul AthiomUli li lists md hictlon 
of mttil tuldng foi mount 

Stock #1029 S 1 50 Postpaid 

RETICLE SET Five assorted flnily engraved 

Kttules from U R (lUnsights \n unusual group 
Jusl like those aasistliig our gunners to train 
sights on Tokyo Worth several dollars each 
Stock #2035 S $100 Postpaid 

PORRO PRISM SET FROM ARMY S 6 POWER 
BINOCULAR Consists of 2 Porro Prisms to maki an 
ereitlng svstim for a Telescope 
Stock #3010 S $1 00 Postpaid 

MAGNIFIER SET 5 Mignifying Lenses 

Powers from 1 to 10 Various dlam for many uses 
Free Booklet on Home m.iik magnifiers Included 

Stock #1026 S $2 00 Postpaid 


COLOR FILTERS 

1 Red and 1 Ytllow liltir In follnwlng Dlam 
(Prlcts hi low Include 2 fllltr^) 

20 mm (setonds) 40^ 

VI 5 mm (sicoiids) 70t* 

87 mm (siionds) 70i* 

45 5 mm (scconik) 90( 

31 mm (mionik) 

(Minimum Order on Above— $1 00) 

LENS FOR KODACHROME EYE VIEWER 

Coliir LoTridid nmeiituj leas 41 mm dhm , Ob 
mm Y 1 

Stock #6116 S $1 00 Postpaid 


TANK PERISCOPE 

Complete Set Mounted Components 

Rugged strong originally loristnktid for 1 s 
Tank Corps Consists of 2 flne Periscope Mirrors 
mounted In mital ind plustU Duly plywood hodv 
frniiu Is reqnlrid to finish this cxoiplloriHl Pirlsiopt 
klrst surf.ici mirror Is will protected by glis. 
windows Set weighs 2\ lbs overall length of 
mount 6ii4” width 2H" Would normally rctsill at 
$10 to $50 

Stock #700 S $3 00 Complete Set Postpaid 


TWO SETS (4 UNITS) 


SPECIAL $5 50 Postpaid 


ORDER BY SET OR STOCK NO. « SATISFACTION OUARANTEBD 

EDHiniD SUVRGE COHPJUIT ^ P. 0. AUDUROR, NEW JERSEY 
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Exomining spectro of glati somplot 


have been used in bactericidal lamps 
suggested that a spectroscopic 
analysis be made of the different 
glasses as well as of Vycor and 
quartz in an effort to detect traces 
of the impurities which might be re- 
sponsible for causing the solar iza- 
tion. 

In making this analysis, the mate- 
rial to be tested — Vycor, quartz, or 
glass — was ground into a fee pow- 
der m an agate mortar A mixture 
of equal amounts of the powder 
and of sucrose carbon was placed 
in a hollow spectroscopic carbon 
electrode An arc between this elec- 
trode and a seconi^ carbon, focused 
on the sht of a large spectrometer, 
vaporized the material contained in 
the cup and the resultmg spectrum 
was photographed in standard man- 
ner. 

The spectral region used spans 
wavelen^hs from 550 to 3570 ang- 
stroms All the metalhc elements 
which are commonly present in 
glass have strong lines in this region 
of the spectrum and a comparison 
of the relative mtensities of the 
Imes of the metals in the different 
samples makes it possible to detect 
relative amounts of impurities in 
the various materials exammed 

Spectrograms were taken for a 


number of glasses Which have at one 
time or another been used m mak- 
ing Stenlamp bactericidal ultra- 
violet tubes In addition to these, 
a number of samples of Vycor and 
of both fused quartz and quartz 
crystals were likewise tested 

The spectrograms of the glasses, 
the Vycor, and the quartz all showed 
the same amount of iron in all the 
samples tested, as nearly as can be 
judged from the intensities of the 
prominent Imes on the spectrograms 
Similarly, the spectrograms indi- 
cated the presence of the same 
amounts of magnesium, manganese, 
aluminum, calcium, and titanium m 
all the samples. 

INFLUENCE OF ALKALI--The so- 
dium doublet of wavelengths 3302 9 
and 3302 3 angstroms was strong in 
the spectrograms of all the glasses 
but was completely absent m the 
spectrograms of all the Vycor and 
quartz- samples, mdicating that the 
presence of alkali m some form or 
another influences the solanzation 
of the glasses and explaining the 
absence of this action with Vycor 
and quartz. 

Another interesting observation 
about Vycor was made in an m- 
vestigation carried out m addition 
to the spectroscopic analysis It was 
found that the intensity of bacteri- 
cidal radiation from a discharge 
through mercury vapor in Vycor, 
at one meter ff*om the lamp, is more 
than that from a simdar quartz lamp 
This is because a negligible amount 
of ozone is generated by the Vycor 
lamp to absorb the 2537-angstrom 
radiation 

Although there are difficulties in 
processmg Vycor into the lamps, this 
is more than compensated for by 
the longer life and more uniform 
output during the life of a Vycor 
lamp. This is highly important be- 
cause, for most effective protection 
against contamination, it is essen- 
tial that bactericidal ultra-violet 
radiation be contmuous and of imi- 
form intensity. 


m 9 m 


FIRE-PROOF GASOLINE 

Developed by 
Petroleum Industry 

GASOLINE with an octane ratmg 
equal to that of aviation fuel, but 
which is as safe to handle as ordi- 
nary kerosine, is one of the newest 
commercial developments in the 
petroleum industry. Experts claim 
that its use in airplanes will reduce 
the fire hazard by almost 90 percent 
Recent tests of this new gasoline 
showed that it will not ignite even 


when splashed directly over an open 
flame Tested under the same con- 
ditions, ordinary high-octane gaso- 
line exploded and burned when 
splashed eight feet away from the 
open flame. 

As long ago as 1931, Standard Oil 
Company (New Jersey) developed 
in the laboratory a gasolme which 
was practically free from the danger 
of accidental igmtion under normal 
operating conditions, and which was 
at the same time equal or superior 
in octane rating to the best of the 


flammable types of gasoline in op- 
erating efficiency. (This work was 
first reported m Scientific Ameri- 
can m March, 1932 ) 

Since that time the expansion of 
high-octane production facilities re- 
quired by the war effort has made 
it necessary to construct large 
amounts of equipment which can 
now be used in the manufacture of 
this fire-proof gasoline. 

The advantages of flame-proof 
gasoline m the safe operation of the 
giant Clippers carrying over 200 
passengers, which Pan-Amencan 
World Airways plans to operate m 
its post-war global service, is obvi- 
ous In the event of a forced landing 
on water, in which the fuel tanks 
are damaged, spilhng several tons of 
gasohnc on the water, the chances 
of an explosion and fire is mini- 
mized to the point of bemg almost 
negligible 

TENSION VIBRATOR 

Supplies Data on 

Effects of Small Stresses 

F ATICUE resistance testing, by vibra- 
tion, of colds for tires, belting, and 
a long list of products in which fab- 
rics play a leading role, as well as 
filaments for other purposes, is ac- 
complished by a new cord tension 
vibratoi which makes it possible 
to supplement information on tensile 
strength with new data on the 
ability of the cord, fabric, or fila- 
ment to withstand repeated small 
stresses far below the tensile 



Setting up the cord tension vibrotor 
which includes provision for deter- 
mining effects of heat on cord life 


strength of the material This has 
been designated by the broad term 
“fatigue resistance.” 

Effects of variation in tempera- 
ture, yam composition, and the fiber 
structure on the fatigue resistance 
of the material under test can be 
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accurately measured with the new 
Goodrich apparatus Vibration rate 
can be changed and heat can be 
applied, to meet the needs of the 
particular test 

FM RECEIVER 

Can be Built to 
Cover Wide Wave Band 

Experiments at the John Meek In- 
dustries, Inc , laboratory prove that 
it IS possible to manufacture a fre- 
quency-modulation receiver which 
will operate not only in the 42-50 
figure megocycle band but will also 
cover the proposed wide range of 
84 to 102 megocycles now being con- 
sidered by the Federal Communica- 
tion Commission The circuit is not 
a two-band set, and does not call 
foi remodelmg of an ongmal set at 
the factoiy or by local service men 
The wavelength bands are not 
changed by means of switches, but 
the ciicuit will not cover the unused 
band between 50 and 84 megocycles 
However, if the Commission should 
change its mind and use the wave- 
length between 50 and 84 mego- 
cycles, a set could be built to cover 
the entire wavelength band 

GREENHOUSE LAMPS 

Kill Plant Enemies 
And Provide Vitamins 

Soil sterilizing units and ultra- 
violet ray lamps aie starnpmg out 
disease and stepping up production 
in greenhouses, according to elec- 
trical manufacturers 
The steiilizer heats the soil to a 
temperature of 160 to 180 degrees 
for 30 minutes, killing plant disease 
organisms as well as insects, fungi, 
and weeds 

At the same time, the plants re- 
ceive an extra dash of vitamin D 
Ultra-violet lamps supplement the 
sun in providing the vitamin sup- 
ply Infra-red lamps provide local- 
ized applications of heat 

Fluorescent lighting, duplicating 
daylight, is used to exhibit the 
flowers and plants in their natural 
colors 

TUNGSTEN 

Broadens Its Use With 
New Technology 

P OWDER metallurgy utilizes various 
properties of metals to their best 
advantage and is a vital element m 
the production and control of mil- 
lions of dollars worth of products 
each year in tungsten alone. Dr 
Zay Jeffries recently said at the 
Powder Metallurgy Laboiatory of 
Stevens Institute of Technology 
^*A good example of the application 
of powder metallurgy is the ce- 


mented carbide,” said Dr Jeffries 
‘This material, which consists es- 
sentially of hard particles of timg- 
sten carbide smtered with a small 
quantity of metalhc cobalt, utilizes 
the tremendous hardness of the car- 
bide for cuttmg and wear- resistant 
properties and it utilizes the tough- 
ness of cobalt to keep the hard, 
brittle tungsten carbide in one piece 
m service 

“Another example of the use of 
powder metallurgy is in the produc- 
tion of tungsten rod and filaments 
for the lamp, radio, electrical con- 
tact, and other mdustries In this 
case, the melting point of timgsten 
is so high that no satisfactory meth- 


od has evei been found of meltmg 
and casting it into ingots. The 
tungsten powder is produced by re- 
ducing tungsten oxide with hydro- 
gen The powder is pressed into 
briquets and heated by the passage 
of electric current to a tempera- 
ture near 3200 degrees. Centigrade 
At this temperature the briquet 
consohdates into an ingot which is 
then worked into rod and wire Not 
only IS powder metallurgy prac- 
tically necessary for shapmg tung- 
sten but, by addmg certam m- 
gredients to the powder, vital gram 
size control is effected which, so 
far, has been found impossible to 
duplicate by the fusion method ” 


Frozen t q us tn cans 
haz'c hciti n plat id 
h\ liUophaui Itnrd 
cartons — Photo 
coufftsy, Dh Pont, 
IVilmuKfton Dcla- 
xvare 



Eggs in Cellophane • • . 

War economy has changed packaging materially with cartons 
replacing heavy metals, cellophane liners for tin, revolu- 
tionary new moistureproof wraps replacing foils but net 
weights for the contents are still the same Thirty pounds of 
frozen eggs are still thirty pounds whether they go into 
cellophane or tin for quick-freeze. Guesswork filling is Just 
as unsatisfactory as ever no matter what type of container 
Profitable liquid-fill operations are best handled by sound 
pre-determined fraction-ounce wei gln ng. Gravity feeding to 
floor or low bench installed EXACT WEIGHT Scales gives 
you a simple, efficient operation for volume packaging with 
profitable results. Write for full details for your plant. 


^^STRIAI PREC\Sj2^ 


lileujhtSca&s 


IHE EXACT WEICHT SCAU COMPANY 


IB Wh« Fifth Ava. Qolambm B, Ohio 

Dept Ad. 78} Yonge St , Toronto, Canada 
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New Products 
and Processes 


CENTER LOCATOR 

Uses Magnifying Glass 

For Greater Accuracy 

K^achinists can speed up many opera- 
tions in constructing tools, dies, molds, 
and patterns and at the same time ob- 
tain a fine degree of accuracy with the 
new optical center locator illustrated 

After the work has been laid out, 
the compound magmfier is clamped in- 
to the holding fixture and it is then 
slowly moved over the intersecting 
layout Imes Once the reference circle, 
which IS etched on the sight glass, is 
exactly centered over the layout lines, 
the holding fixture is clamped to the 
work The magnifier is then removed 
from the holding fixture and the correct 



Drilling holes where you wont them 
ond not a few thousandths off center 
IS assured by using this new devKe 


size drill bushing is substituted All 
drill bushmgs are hardened, then pre- 
cision ground to be concentric 

The outside diameter of each drill 
bushing is exactly the same as the di- 
ameter of the lower magmfier rmg 
which contams the sight glass on which 
the reference circle is etched When a 
drill bushing is substituted for the 
magnifier m the holding fixture the 
center of the bushing is precisely lo- 
cated over the intersecting layout lines 
Holes can easily be located and drilled 
with an accuracy of 001 inch The work 
is usually placed on parallel bars to 
facilitate alinement of the bushing and 
tjie drill 

STEAM CLEANING 

Expedited by 
Powerful Emulsifier 

HEAVY-DUTY steam cleanmg com- 
pound, marketed under the name of 
Steam -Off, has proved to be particular- 
ly effective m the removal of the heavi- 
est and most stubborn grease and dirt 


from iron and steel surfaces, concrete, 
brick, and structural materials, gaso- 
line and Diesel engines, steam shovels, 
tractors, locomotives, and road building 
machinery 

Extremely powerful in its penetrat- 
ing and emulsifying actions, this new 
Turco compound combmes a high de- 
gree of quick cleaning energy with the 
maximum ability to soften water, 
which results in producing reliably 
clean work, rinsing freely, and leaving 
no film, curds, water spots, or streaks 
It was designed to function without 
the loss of cleamng power in the hard- 
est water, and to prevent the deposit- 
ing of hard water scale, which clogs 
colls and other vital parts of steam 
cleaning machinery 

Used as a stronger solution, Turco 
Steam -Off has the ability to remove un- 
wanted painted surfaces as it cleans, 
making it a particularly effective prod- 
uct for complete overhaul or reclama- 
tion projects 

PLASTICS YARN 

Is Adaptable to Many 

Post-War Industrial Uses 

PLASTICS yam has recently been de- 
veloped which premises to make 
long-wearing sheer hosiery and fill 
many other uses in the post-war world 
Sheer dress materials that are re- 
sistant to perspiration and mild acids, 
auto seat covers immune to grease, 
oil, and alcohol, drapes and furmture 
upholstery that are fire-retardent and 
self-extmguishing are all possible with 
the new Plexon yam, a product of 
Freydberg Bros -Strauss, Inc 

The new yarn is a combination of 
existing fibers such as cotton, silk, 
rayon, or Fiberglas with plastic solu- 
tions, making possible an almost in- 



Just a few of tha hundreds of poif-wor 
orticles ¥rhich con be mode by combin- 
ing o new plotfict ond ttondord fibers 


finite variety of physical properties. 
Seventeen different plastics formulas 
are available and can be used, depend- 
ing upon the final requirements of 
the finished yam It can be made either 
fine or heavy, stiff or soft, smooth or 
rough, transparent, translucent, or 
opaque, and with bright or mat ^ish 
Ihe threads can be made roimd, oval, 
triangular, or square The present color 
range consists of 120 shades, and these 
can be increased at will Plexon can be 
power loomed, woven, twisted, braided, 
or kmtted 

EXPANSIVE BIT 

Has Sharp Point, 

Long Life 

Designed on an entirely new principle, 
an expansive bit created specifically 
for use in hand braces to cut holes in 



wood is announced by Bruno Tools 
The center hp which cuts away the 
core at the center of the hole extends 
back to form a clamp which firmly 
holds the adjustable blade at the di- 
ameter set The clamp is locked tight 
by means of a screw Once locked in 
the positive wedge- lock groove the 
cutter remains securely in place 

An improved diamond shaped screw 
point gives longer life by lessening the 
chance of breakage The lead screw is 
threaded finer than is usual for this 
type of tool This feature helps pull 
the bit through the wood, requiring 
only light pressure to cut quickly and 
cleanly because the lead screw is con- 
tinuously and firmly engaged while 
the adjustable blade is cuttmg The 
threads differ on models available to 
correspond to the capacity of each tool 
Thus, regardless of the diameter of 
the hole bemg cut, whether through 
thin material or thick, clean, true holes 
are cut with a minimum of effort A 
large open throat keeps the cutters 
clean of chips 

WELDED SEAMS 

Produced Rapidly by 

Automatic Machine 

Duplex resistance seam welders, de- 
signed for simultaneous seam welding 
of two or more seams on one surface, 
for rapid fabrication of sheet metal am- 
munition boxes, offer definite econo- 
mies for many similar types of fabn- 
catmg operations 

The machines, made available by 
Progressive Welder Company m a wide 
range of capacities and sizes, are air 
operated and fully automatic A duplex 
head on the machme accommodates 
either two or four welding wheels All 
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New Shankless RoINForged Drill is 
Faster, Tougher, More Economicol 

Davalopad by Ford for wartime uses— available 
now to industry in general **More holes at less 
cost/* IS the claim for this ingenious new Shankless 
high speed drill — made in two parts— the drill it- 
self. and a removable taper shank» known as the 
**drill driver *' By this separation, costs to the user 
have been cut 20% to 30% under conventional taper- 
shank drills In the conventional drill, the shank 
must be discarded when the point and flutes are 
worn out Here, however, the drill driver is used 
throughout the lives of manv drills Shankless drills 
arc roll forged and twisted, unlike the machined 
manufacture of ordinary drills, for improved struc- 
ture. 

Principal advanHioat arc (1) Lower first cost 

(2) Greater hole production because of greater 
strength O) Reduced breakage with tough * shock- 
absoroer neck (4) Greater length of usable flute 

(3) Greater scrap recovery value of unused portion 
of drill 

Worlime advanfaga* ofWngley’s Spearmint Gum 
show how this quality product, too^ can help in- 
dustry — once It again becomes available In the 
meantime, no Wrigley’s Spearmint Gum is being 
made, and none will be made, until conditions per- 
mit Its manufaaure in quality and quantity for 
everyone That is why we ask you to "remember 
the Wrigley’s Spearmint wrapper " as the symbol 
of top quality and flavor — that will ht back! 

You can get complete tn formation from 
Republic Drill & Tool Co , 322 S Green St , Chicago 7, III* 




Remambor this wrapper 

Z-78 


wheel! are free rotating. They are 
driven by contact with the moving 
work under welding pressure 
The work itself is earned on a work 
table mounted on horizontal slide rails 
The top of the work holding fixture is 
formed by a flat copper plate which 
provides the lower path for the weld- 
ing current between the welding 
wheels Weldmg wheels, lower elec- 
trode, and welding transformer are all 
water cooled A deep coolant trough is 
integral with the moving work table 
The entire assembly — bearing the 
work to be welded— moves in and out 
of the machine as the weldmg opera- 
tion proceeds Operation of the move- 
able table is accomplished by an air 
cylmder connected with hydraulic 
cylinders acting as dash pots to insure 
uniformly smooth table travel 
Machine operation is completely 
automatic The operator loads the ro- 
tary fixture and depresses the foot 
switch The table moves forward into 
the machine, the welding heads depress 
simultaneously at the proper pomt, 
and the outside pair of weldmg wheels 
make two parallel seam welds of pre- 
determmed length The head rises 
while the rotary table indexes — rotat- 
ing through 90 degrees — and then the 
mside wheels weld on the “out** stroke 
of the table Thus, two separate pairs 
of seam welds — each pair at right angles 
to the other — ^may be produced The 
fixture indexes a second time back 
through 90 degrees at the completion 
of the “out” stroke and the table stops 
at the loading position 

DOVETAILS 

Produced Automatically in 

"Wood-Welding" Process 

Normal dimensional limitations of 
lumber in the prefabrication of thmgs 
made of wood — from ironing boards to 
houses — are eliminated in a new Muske- 
gon Machine Company, Inc , set-up 
which produces new results by the 
combination of various known pim- 
ciples, applied to automatic mass pre- 
fabrication With the process, panels, 
ranging from to 3 inches thick, from 
10 inches to 16 feet m length, and of 
practically any width desired, can be 
made “in one piece,*’ automatically, on 
a single machine, using only three men 
per machme — two to feed untrimmed 
lumber of any size mto the two ends 
of the machine, one to remove the 
jointed assembly from the centei 

The machine used in the process is 
an evolution of the well-known Lin- 
derman machine, used for over a quar- 
ter century to eliminate waste in the 
lumber industry Prime characteristic 
of this machine is that it “welds’* wood 
together in such a manner that a wider 
piece made from two narrow pieces is 
at least as strong and frequently 
stronger than would be a single piece of 
the same width This is accomplished 
by use of a double -tapered dovetail 
jomt with one or more dovetails for 
the pieces, supplemented by an auto- 
matic gluing process The joint locks 
the wood sections together solidly and 
the glue “fuses** the assembly, the glue 


being forced into the cells of the 
wood at the joint to form a “welded” 
bond even stronjger than solid wood 
In using the new Linderman auto- 
matic fabricating process to produce 
solid panels for such items as book- 
cases, ironmg boards, table and desk 
tops, doors, house construction acces- 
sories, caskets and boxes of all kinds, 
and so on, square-edged lumber or 
even lumber with the bark still on the 
edges may be employed In operation, 
two pieces of lumber are fed in from 
opposite ends of the machine As the 
lumber moves into the machine, cut- 
ters trim the board and cut tapered 
dovetail tongues and grooves in the 
edges Boards movmg in from one end 
are tongued Boards from the other 
dnd are grooved As the boards ap- 


proach the center of the machhie, the 
grooves and tongues are automatically 
covered with glue, using conical rollers 
(excess glue is removed with station- 
ary "wipers” and returned to the reser- 
voir) As the boards near the center 
of the machine, the tongue slides into 
the groove As the movement continues, 
the fit becomes tighter and tighter, un- 
til the two boards are locked together 
If the finished panel is to be wider, 
the jomted boards are returned to one 
end of the machme, where they are 
again fed in to meet a single board 
coming from the opposite end The 
panel then is three boards wide This 
is repeated until the desired width is 
obtained Finally, the assembled panel 
is ripped to the desired width The 
edging IS passed back into the machme 
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for use m the next panel, making the 
operation continuous 
The process is not limited to fabri- 
cating panels by edge assembling Lum- 
ber may also be assembled by running 
the sto^ on edge on to a flat piece, 
as for making molding stock Likewise, 
lumber may be run across the gram 
for various uses such as flooring and 
cutting blocks 

GLASS MATS 

Possess Desirable Charactensfics 
For Many Industrial Uses 

T HiN, porous mats of bonded glass 
fibers have been successfully applied 
to a number of entirely new uses by 
the process and electrical industries 
In roll form, the Fiberglas mat is 
being employed as a material for wrap- 
pmg underground oil, gas, and other 
pipe lines to protect them against cor- 
rosion and electrolytic action The 
material can be wrapped around bitu- 
men or coal-tar coated pipe, thus form- 
ing a contmuous water-tight bond The 
glass fibers are non-corrosive to metals 
The material has negligible moisture 
pick-up Its tensile strength is preserved 
through a wide range of temperatures 
and exposures to organic solvents and 
soil acids The millions of fine mter- 
twined glass fibers reinforce a larger 
amoimt of bitumen or coal-tar coating 
for a given thickness of wrapping, as 
compared to other carriers 
Primarily because of the high tensile 
strength and non-hygroscopic charac- 
teristics of the individual glass fibers, 
the Fiberglas mats are being employed 
as the base for a new plastics lammated 
material Possessing a low and stable 
loss factor over a wide frequency range, 
the laminate greatly extends the field 
for plastics coil forms, condenser 
spacers, stand-off insulators, and so on, 
in radio, television, and other high- 
frequency electromc devices 
In building up the lammate, the 
Fiberglas mats are impregnated with 
a thermosetting aniline-formaldehyde 


resin, and are cured under high pres- 
sure In addition to its low loss 
factor, the lammate possesses high 
strength, high temperature resistance, 
dimensional stability, resistance to 
fungus attack, and good machinability 

Fiberglas mat is also being employed 
as a base material for gaskets and sheet 
packing The mat acts as a carrying 
medium for synthetic resins suitable 
for applications requirmg resistance to 
heat, oil, and acids Glass -base gaskets 
now bemg manufactured show high 
pressure resistance, good chemical 
durability, and little flow under flange 
pressure 

Made by Owens-Corning Fiberglas 
Corporation, Fiberglas mat ls composed 
of fine glass fibers intertwined in ran- 
dom orientation and bonded together to 
form a thin, highly porous, felt-like 
material The glass fibers have an aver- 
age diameter of 0 0005 mch Several 
types of binders — ^starch, gelatine, fur- 
fural, or phenolic — ^may be used, de- 
pendmg upon the requirements of the 
end use 

TRUCK OPERATION 

Simplified by Instrument 
That Correlates Data 

OoMBiNiNG the features of an ordinary 
speedometer with those of a tachom- 
eter and addmg ins^ctions govemmg 
various engme s^eds, an “economy 
range finder” for truclu has been de- 
veloped by the White Motor Com- 
pany With this device on the m- 
strument panel the driver can mcrease 
the life of the engme by keeping it 
within Its most efflfcient range of op- 
eration 

Even for the mosJ^|te>erienced truck 
driver, gaging th€ engine speed and 
hence the proper time to shift gears is 
extremely difficult because of the vary- 
ing ratios between engine speed and 
chassis speed (miles per hour) Grades 
encountered and fhe necessity of using 
various transmission gears to meet dif- 
ferent conditions provide a constant 


change Expecting a driver to pulse the 
engine speed without visual aids is like 
forecasting weather without benefit of 
scientific instruments 
The economy range finder helps 
drivers in shiftmg gears, saving fuel, 
conserving trucks, and making sched- 
ules Not only can they read the engme 
speed directly on the speedometer dial, 
but instructions are clear A spiral 



Instrument ponti on o tfondord Wliifi 
truck showinp how the “economy ronge 
finder” is built into speedometer diol 


white Ime for each transmission gear 
IS offered on the dial, and this is com- 
bmed with a scale of engme speeds 
printed on the speedometer pointer 
As the speedometer pomter moves 
around the dial, the edge of the pomter 
crosses the spiral white line for each 
gear A white area on the pomter m- 
dicates the ideal operatmg range from 
1700 to 2400 revolutions per mmute, 
and at either end is a red area which 
mdicates when the engine is operatmg 
outside the proper range When the 
pointer reaches the outer end of the 
spiral line for any gear, the engme 
speed (noted in the red) will be 2800 
revolutions per minute, at which the 
governor is usually set As this recom- 
mended maximum is approached, the 
bearing loads, piston speeds, and vibra- 
tions are increased, thereby tendmg to 
shorten the life of the engine Similarly, 
the red at the lower end of the pomter 
shows when the engme is laboring 
and m need of relief through shift to 
a lower gear Such a shift will prevent 
strain and excessive wear by allowing 
the engine to operate more easily at a 
higher speed As steeper grades slow 
the engine down, the greater load on 
bearings, pistons, and rings is much 
the same as when the maximum engine 
speed IS reached or exceeded 
Thus the economy range finder is a 
simple but effective device to guide the 
driver m selecting the various trans- 
mission gears in which to operate imder 
existmg conditions When the pomter 
crosses a white line at the outer end 
of the Ime, it mdicates that the recom- 
mended maximum engine speed has 
been reached and that the driver 
should shift mto the next higher gear 
And when the pomter crosses a white 
Ime at the inner end it suggests a shift 
mto the next lower gear 

BENCH FURNACE 

Offers Versatility for 

Shop or Laboratory 

Designed to provide for a wide variety 
of applications, a new “three-way" 
bench-type imiversal laboratory fur- 
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nace haa been made available by Sur- 
face Combustion Corporation The fur- 
nace combines three different types 
of furnaces in one casmg It may be 
used as a direct-fired oven umt at tem- 
peratures from 300 to 2400 degrees, 
Fahrenheit For direct heating a muffle 
can be placed on the hearth If an at- 
mosphere IS desired a diamond block 
can be used in the muffle A removable 
plug built mto the arch of the furnace 
provides a means of insertmg a pot 
This laboratory furnace is ideal for 
small shops or laboratories where a 
wide variety of heat treatments in rela- 
tively small quantities of small parts 
must be performed Such operations 
as annealing, carburizmg, hardenmg, 
cyanidmg, and tempering, with or 
without a furnace atmosphere, can be 
handled by the one furnace It func- 



The new bench -type laborotory furnoce 
with accessory equipment including 
(A) muffle, (B) protective otmosphere 
equipment, (C) plug, ond (D) pot 

tions as a direct-fii ed oven, indirect 
heated muffle, gaseous atmosphere, salt 
or lead bath type and may also be used 
for meltmg soft and light metals 
The furnace is equipped with three 
atmosphere -type gas burners, each of 
which can be independently controlled 
The burners are arranged under the 
hearth to provide uniform and rapid 
heating throughout the heating cham- 
bei A gas pressure regulator assures 
uniform control of burner operation 
Manufactured or natuial gas or butane 
or propane may be used 

WELDER'S SHOCK 

Eliminated by 
Reducing Voltage 

Arc welders’ apprehension of shock, 
and possibly subsequent nervous ex- 
haustion, has been eliminated by a 
new safety panel invented and per- 
fected by electrical engineers of Pull- 
man-Standard Cai Manufacturing 
Company High open -circuit voltages 
of most weldmg equipment create a 
definite hazard to operators The volt- 
age encountered varies with different 
machines, but in general ranges from 
85 to 110 volts Since this voltage is 
ordinarily present at all times when not 
welding, physical contact of the op- 
erator from his weldmg electrode to 
grounded metal surfaces may have 
serious consequences 
When the welding contact is broken, 


the newly patented Pullman-Standard 
safety panel automatically reduces this 
open-circuit voltage of the electrode 
(which creates the welding arc) to a 
mere 24 volts Accidents among weld- 
ers are rare, but the new safety panel 
contributes greatly to the ease of mind 
of the welders No longer must they be 
constantly on the alert while changing 
electrodes and the relief in nervous 
tension is quite noticeable when the 
new safety panel is used 

ARC-OXYGEN 

Cuts Heavy Steel 

Quickly and Easily 

of the most valuable industrial 
tools to come out of World War II is the 
arc-oxygen electrode, which somewhat 
resembles an ordinary pea shooter The 
electrode, information about which has 
until recently been restricted, com- 
bines the tremendous heat of the elec- 
tric arc with the cutting effect of pure 
oxygen to cut steel many feet below 
the surface of the ocean 


"Vcrsatik ' is apt des<riplion fur South 
Bend Precision IjSlhes I his South Bend 
Lathe, provided with special fixtures hy the 
schools own instrument sho}), is used for 
blowing special glass e<|ui|)ment needed by 
the electronics research laboratory of the 
University of Notre Dame 

This unique installation is just one ex 
ample of the many ways that South Bend 
I athes are used Where \ersatility is valua- 
ble and precision is vital. South Bend Preci 


The development of the electrode by 
the Metal and Thermit Corporation in 
co-operation with the United States 
Navy has helped to make possible the 
tremendous speed with which mvasion 
harbors have been cleared of sunken 
ships by Navy Salvage and Seabee 
Forces Ragged shell and torpedo holes 
in war vessels afioat are also trimmed 
underwater and temporary patches 
welded, enabling stricken vessels to 
proceed to drydock for permanent re- 
pair 

The arc-oxygen process utilizes the 
heating properties of an arc flame, 
ranging from 6000 to 10,000 degrees, 
Fahrenheit, to kindle steel plates and 
beams much as coal is kindled by wood 
splinters Into the molten steel thus 
produced, a jet of pure oxygen is in- 
troduced to cut cleanly through the 
steel 

The process allows divers easily and 
rapidly to cut large sections of steel, 
formerly impossible due to heavy div- 
ing gear, restricted movement, and poor 
visibility below the ocean’s surface 
So fast IS the new steel-cutting elec- 


tion Lathes ofter lliih important combination 
of qualities ’Ihey are extensively used in 
the rest arch and engineering laboratories 
of schools, colleges and industrial jdants, as 
well as for production, maintenance, and 
aervKC work 

There s a South Bend Precision I^the 
to meet your requirements, too Write for 
Catalog 100 D which shows all South Bend 
Engine Lathes, Toolroom lathes and Preci 
Sion Turret Lathes in full color 



Lathm Butldmn For 38 Yoars 

SOUTH BEND LATHE WORKS 

4ft E MADISON STREET • SOUTH BEND 22, INDIANA 


Dr t A tc>omi5! Proftssor 
«if Flectrontch Univti'Mliy of 
Noti i bl<»M mK on 

it South Ueiid Preciaion LiUhe 


Ghss Blowinq 



ON A SOUTH BEND LATHE 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINISS 
contains a message of particular impor- 
tance to production men This is your 
opportunity to obtain a copv of this 
famous book, which has been aescribed 
as a ’’turning point in the lives of liter- 
ally thousands of men”^ 

Although ’’Forging Ahead in Busi- 
ness” has been distributed to more than 
3,000,000 men, today's timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opponunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a nelpful, over-all picture is provided 

Said one man who had sent for 
’’Forging Ahead in Business” 

”/« thirty mttmtes thts bttle book 

f ave me a clearer picture of my 
usmess future than / ve ever had 
before ” 

and that represents the opinion of 


the Institute s 400,000 subscribers, /»- 
eluding 134,000 production men! 

ITie booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Amon^ the prominent industrialists 
who assisted in the preparation of the 
Course, which is descrioed in ’’FORG- 
ING AHEAD IN BUSINESS” are 
Alfred P Sloan, Jr., Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, E 1 du Pont de Nemours & Co 

Send for 

“FORGING AHEAD IN BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job But, for the alert, 
future-minded individual — the man with 
ambition and ’’drive”— ’’Forging Ahead 
in Business” has a menage of distinct 
importance If you feel that it is in- 
tended for you, don't hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


ALEXANDER 

Alexander Hamilton Institute 

Dept 15, 71 West 23rclStrect,New York lO.N Y 

In Canada, 94 Wellington Street, West, Toronto 1, Ont 
Please mail me, without cost, a copy of the 64 page 
book— FORGING AHEAD IN BUSINESS *’ 

HAMILTON 

Name 

Firm Name 

INSTITUTE 

Business Address 


Position 


Hume Address 


trode that quarter^inch steel plate 40 
to 50 feet below the surface of the 
ocean, for instance, can be cut at the 
rate of 62 mches a mmute, or consider- 
ably faster than ordinary newspaper 
piled to like thickness can be cut with 
a pair of scissors m the comfort of your 
living room 

SPEED VISE 

Opens or Closes 
Without Turning Screw 

K^anually operated, a new “Quikcet” 
vise, manufactured by Grand Special- 
ties Company, eliminates running in or 
out the screw to close or open the vise 
It IS claimed that this new speed vise 
can be set and closed in a jiffy by 
simply pushing on the body of the free 
jaw, which slides in swiftly on ratchet 
screw and two precision guide rods and 
tightens with a turn of the handle 
The vise is equipped with a trigger- 
release pawl wi^ % mch of thread 



Trigger releases vise screw 


which holds the hardened screw under 
spring tension The vise is said to open 
instantly to full 3 inches by pressure 
of thumb or finger on trigger release 
after tension has been eased by a single 
turn of the loose-proof handle The 
Quikcet vise is then ready, without 
further adjustment, for instant closing 
on any other work 

ELECTRIC MARKER 

Mokes 7200 Cutting 
Strokes per Minute 

^^NYTHING and everything can be 
marked with an electric marker just 
announced by the Ideal Commutator 
Dresser Company Although small in 
size, only six inches long and ten 
ounces in weight, life tests prove that 
this new marker can be used continu- 
ously on the toughest of marking jobs 

The power of the cutting stroke 
has been mcreased by 30 percent over 
previous models, yet an adjustmg nut 
makes it possible to vary the impact 
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High speed, vorioble impact morker 


so that it can even be used to mark on 
glass Shaped to fit the hand, it can 
be held and used to write almost as 
easily as a pencil 

The new marker operates from any 
A c electrical outlet Working like a 
small electric hammer, it makes 7200 
cutting strokes per minute, cutting 
right into the surface and leaving Imes 
that cannot be wiped away or worn off 
with ordmary usage It permanently 
marks sizes, names, numbers, and other 
important information on tools, parts, 
and finished products 

EXTINGUISHER VALVE 

Gives One-Hand Operation of 

Large Portable Units 

Trigger control, which has been con- 
fined to smaller sizes of carbon dioxide 
fire extmguishers, has now been ex- 
tended to the larger portable models 
Operated entirely with one hand, the 
new streamlmed Kidde model is con- 
trolled by an upward pull of the index 
finger, the largest extmguisher requir- 
mg approximately the same trigger 
force as the smallest It can be latched 
open when desired by a slight forward 
motion, and as easily disengaged to 
avoid wasting gas 

This new control represents the per- 
fection of a valve which provides an 
on-and-off control of discharge with a 
minimum of effort, permits a high rate 



Volve speed! extinguisher oction 



Through fiill utilization of new wartime advancements in produc- 
tion methods, manufacturing facilities, and engineering techniques, 
Jefferson Electric is prepared to meet tomorrow's transformer 
needs with a product capable of maximum application to postwar 
technical developments 

The superiority of Jefferson Transformers will continue to be 
based on such vital and fundamental quality characteristics as- 
improved steel to reduce electrical losses, advanced methods of 
using carefully selected iron for laminations followed by Jeffer- 
son’s own process of annealing, improved compounds, materials 
and impregnation methods to provide greater resistance to mois- 
ture, extreme heat and cold 

In addition to these features, full control over all methods of 
manufacture, assembly and inspection insures that every Jefferson 
Transformer is laboratory correct whether ordered in small lots 
or hundreds of thousands. 

Typical Jefferson Electric Transformers include those for use 
with radio, radar, television and electronic applications, trans- 
formers for control and relays,— for luminous tube and fluorescent 
lighting,— for mercury lamps, street lamps, X-Ray lamps,— dry 
type transformers for power circuit stepdown purposes. 


Consult Our Engineers 


Consult now with Jefferson Electric transformer engineering spe- 
cialists about your present and anticipated future needs and assure 
yourself of the ultimate in dependable, reliable transformer serv- 
ice. JEFFERSON ELECTRIC COMPANY, Pioneer Transformer 
Manufacturer, Bell wood (Suburb of Chicago), 


Illinois. 


S 0 N 


trEiEC7iB(g 1 


Wrtte today for 
a copy of new 
illustrated 
Booklet 45-V 



JEFFERSON ELECTRIC COMPANY • 916-25th Ave., BELIWOOD, ILLINOIS 

in Canada: Cantjd;tit> JcfT^rson Electric Ctj Ltd , 3S4 Pape Avenue, Torofdo, Ont. 
PIONEER TRANSFORMER MANUFACTURER 
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The Editors Recommend 


PKOCEDURES IN EXPERIMENTAL PHYSICS — 
By John Strong^ Ph D A wealth of useful data of 
• practical kind for the oonatnictor, csperlmenter, 
and eklllcd rraftsman $^80 

aiGD FREQUENCY INDUCTION HEATING — 
By Frank If i urtta Aniwere many queationa oon 
cemlng induction heating and ita utility in ioduatnal 
proccaaea Thoroughly practical in scope 92 85 

MANUAL OF LABORATORY GLASS-BLOWING 
By R H ff' right A practical book containing 
latest Information on the fundamental operations 
of glass blowing, both elementary and advanced 
90 pages, illustrated 92 60 

TOOL MAKING — By C M Cola Inutructions for 
making and using all kinds from personal tools to 
arbor presses, lathes, planers, etc , in different 
meuls 91 60 

TECHNIQUE OF PLYWOOD — By Charlmg B 

Norris Technical information on all phases of ply 
wood manufarture and use, compiled for engineers, 
designers, and users of plywood Important to 
many phases of wartime housing and manufacturing 
problems 92 80 

OPTICAL WORKSHOP PRINCIPLES — By Col 
Chariot Den War time translation of a Irench 
work on precision shop optics, with heavy emphasis 
on actual handiwork Covers glass, abrasives cements, 
mechanical theory of working optical surfaces sur 
facing, tests, centering, and so on 96 10 

HANDBOOK Oli CHEMISTRY AND PHYSICS — 
A classic refeience book recently revised and brought 
up to date to keep pace with recent research In 
eludes material on all branches of chemistry, physics, 
and allied sciences Used in laboratories and by 
engineers throughout the country Flexible binding 
2S71 pages 94 lO Foreign 94 50 postpaid 

PLASTI^^) — By J li Puboit Third edition 
again revised and ciiiargid with two four color 
platfs This IS an important book on the whole 
general subject of plastics, plus much brand new 
material on synthetic rubber, manufacturing proeesses 
and plastics moldings 9il0 

EXPERIMENTAL SPECTROSCOPY — By Ralph 
/i Sateyer ( overa theory and types of apectrnscopes 
end spectrographs mounting and use of gratings, 
determination of waveloogtha, infra red apectroecopy, 
apectrochemical analysta, and so on Somewhat 
elementary but requires knowledge of physics and 
some physical optics 95 10 

EXPERIMENTAL ELECTRONICS — By Ralph 
U Mutlor, R L Carman, and M E Drom, 
A solid book of eminently practical information on 
the characteristics and non communication applica 
tions of electron tubes The text describes experi 
ments and presents resalta For students, radio 
engineers communications experts, and the serious 
general reader 94 75 

PRISM AND LENS MAKING — 0y F Ticyman 
A wide variety of notes baaed upon a long lifetime 
of practical optical shop work Not a full step by 
step manual but a valuable working aid to the ad 
vanced lelesrope maker and otliers in uptiral work 
While the text deals ostensibly with professional 
quantity production much of it is basically applic 
able to single piece wotk 54 60 

THE MODERN GAS TURBINE — By R Tom 
Sawyer Fundamental treatment, yet comprelieiisive 
in acope, covering industrial, marine, railroad, and 
turbo supercharger applh atioiis of the gas turbine 
Up to the minute data on jrt propulsion are im luded 

94 10 


Bett Sellers 
In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Harold C kelly Definite, outright, practical in 
structiona on watch making repairs, and adjustment 

92,85 

SLIDE RULE SlMPl IFILD — By C O Harris 
How to use a slide rule without any of the myatifi 
cation that often surrounds this important tool of the 
enginetr Fxcellent illuatratioiia make everything 
clear 93 60 including a slide rule fur book alone 

92 60 

AN INTRODUCTION TO ELECTRONICS — By 
Ralph G Hudson Clear and concise explanation 
of electronics and its modern applications Very 
little mathematics la used 93 10 

A COURSE IN POWDER MPTALLURGY — - By 
Walter J Baoaa A sound view of the overall aub 
ject of powder metallurgy which will serve aa an 
excellent guide and tefoftHft book 93 60 

ROCKFTS. DTNAMATERS, JET MOTORS — 
By A L Murphy Question and answer text designed 
to acquaint the uninitiated with rockets and all their 
variations Power plants arc discussed aa well as 
vehicles and craft to which they may be applied 

92 60 

PLASTICS. PROBLEMS AND PROCESSFJS — By 
Manspergor and Pepper 1 he whole story of plas 
tics including a resume of manufacturing processes 
and a number of thorough going chapters devoted to 
plastics uses 9 I 10 

THE FUNDAMENTALS hp CHEMISTRY — By 
Monroe M Offner This text introduces the reader 
to elements, eiectrona, acids, alkalis and so on, and 
then covers chemistry and its relationship to every 
day life 80 cents 

ELECTRONIC PHYSICS — By Hector, Lem, and 
Scunton A simplifieil text for those who desire to 
acquire a sound basis for following the advance of 
applied electronics 93 85 

A lAHORATORY MANUAL OF PLASTICS AND 
SNYTHETIC RESINS — By C F D'Alello 
Row to prepare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requiria a knowledge of organic chemistry 

92 10 

FUNDAMENTALS OF OPriCAI FNGINEERINC 
~~ By Donold H Jacobst Tins now work atarta 
out at the very beginning, is mainly non mathe 
matical, and is probably the best sui ed of all 
existing books as an mtrodui tmn to optical design 
Author is a physicist at Bureau of Standards 95 10 

WITH THE WATCHMAKER AT THF BENCH — 
fly Donald DeCarle Simple, practical, straight 
forward instruction! on the repair of timepieces, 
with direct implications to the manufacture and 
repair of delicate instruments of all kinds 93 10 

TRIGONOMETRY FOR HOME STUDY — By 
William L Schaof, Ph D Extensive and detailed 
giving explanations as the text progresses, together 
wtlh numerous practical appln ationt of trig such aa 
mathine shop problems survejiiig, navigation, and 
•o on 80 cents 

ROCKET RFSFjiRCU — By Constantin Paul 
Lent Partly histuiital plus a chapter on theory 
plus descriptions of prai tical applications and hints 
to experimenters Many drawings give specific de 
tails of rocket and jtt motors 95 10 


of flow of the carbon dioxide, avoiding 
directional changes in its passage inso- 
far as possible, allows easy lockmg- 
open with one hand; and incorporates 
these features in a small, compact part 
relatively light in weight and simple 
in design The one-piece handle closure 
protects the valve itself, is light in 
weight and fits the hand comfortably 

HOLLOW STRUTS 

Permit Easy Erection of 
Frames, Racks, and Hangers 

F ABRiCATiON of any type of metal frame, 
stock rack, support, or hanger for m- 
dustrial, electrical, commercial or pub- 
lic building use now can be quickly and 
easily completed right on the job by 
the new Unistrut method Basis of this 
method is a slotted hollow-square steel 
or other metal section with standard 
spring-held nut attachments The struts 



Above A stond for router ond sow and, 
below, coble hongers, both mode on 
the io6 with itondordixed steel struts 



do not require drilling of holes, rivet- 
ing, or weldmg, and can be cut to any 
desired length with a hack saw 

The nut attachment can be slid along 
in the hollow square to any point where 
It IS desired to attach it to another 
member, a supporting structure, or to 
the floor, ceiling, or wall The nut has 
serrated teeth which bite into the m- 
tumed edges of the hollow square sec- 
tion, and hold the attachment firmly 
in position when the nut is tightened 
with an ordmary wrench However, the 
nut can be easily loosened, the attach- 
ment moved to a new location and again 
tightly fastened- 

Because of its hollow square design, 
Unistrut has the necessary properties 


0 The above prices are postpaid In the United States Add, on foreign ordura, ^ 

^ 25# for postage on each book, except as noted ) ^ 

(All prices subject to change without notice > 

For Sale by: September, 1945 
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for use as a compression or tension 
member, strut, column, or beam It is 
furnished in sections of several sizes 
or gages, and eliminates the delay 
otherwise frequently caused by waiting 
for delivery of structural steel from a 
mill or warehouse 

VOLTS AND AMPS 

Both Read by 

New Instrument 

Simultaneous readings of current and 
v'oltage are taken with the new voltam- 
meter, Model 601, manufactured by As- 
sociated Research Contained in the 
>turdy compact case of this one instru- 
ment are an alternating-current volt- 
meter and an alternating-current am- 
meter, ready for instant use The 



Double* purpose electrical meter for 
indicating both voltage and current 


unmeter measures from 0 2 to 500 am- 
peres in eight current ranges and the 
voltmeter measures from 30 to 600 volts 
in three ranges The voltmeter can also 
be used on direct curient 
An m-jertcd prmiary current trans- 
former with eight foot secondary leads 
facilitates the measurement of current 
on the 0-100, 0-250, and 0-500 ampere 
scales without subjecting the meter to 
stray magnetic fields The range se- 
lector switch on the panel permits 
quick readmg of currents in all the 
eight ranges Laige instant reading 
scales have white backgi ounds with 
figures in jet black, coveied by glass 

IRRIGATION 

Uses Plastics Tubes to 

Distribute Water 

Siphon tubes extiuded of transparent 
Tenite plastics are finding wide use 
in irrigation on farms in western states 
This method of irrigation, developed 
through the University of Nebraska 



PIttlics lubft distribute water 


LABOBATORY PRESS 



FOR PLASTIC MOLDING AND 
TESTING 

Total Force 24,000 lbs — 8'' Stroke 
— 7 X 10 Electrically Heated Platant 
— Thermostatically Controlled* 

I iterature on Request 

LABORATORY SPECIALTIES, INC. 

144 So Woboth $f 

WA»A$H INDIANA 


MMSDEN EYEPIECES 

Designed for AstroaoiiUcal Telescopee 
'*212 tocal Length I*. ' Dia 
Each $7 &0 Set of Pour $28 00 

ACHROMATIC LENSES MIRRORS TO ORDER 

TINSLEY LABORATORIES 
2113 Dwight Woy — Berkeley 4, Colifomio 


NOTICE!! 


Amoteur ostronomera 
telescope moken 


minors tested figured and pancronleed 
PROFESSIONAL SERVICE AND ADVICE 
AVAILABLE 

write us about your telescopic needs and problems 


ASTRO TELESCOPE CO 


P O Box 1365, Glendale 5, Colif 

SERVING THE WESTERN STATES— 


NOW! MAKE PHOTOCOPIES 
IH YOUR OWN OFFICE 
Quickly, QccuraMy, <t Uw Cost! 



AImo ronlinuouK rah- 
imt modeln for prints 
of any length up to 
^ 42?’' uade 

Make permani ni error proof copiis — 
J-a-minutc of anything written, 
typed, printed drawn or photographed 
— even if on both sides No darkroom , 
or teehnieal knowledge needed Sa\e ' 
time moni> labor ^'xpedite work rn 
nrry dt partment Write for facts NOW* 

AMERICAN PHOTOCOPY EQUIPMENT CO 

2849 N Clark St , Dept KH95, 
Chieago 14, III (Hepresenlatives lo 
principal cities and Canada) 

^^ApIco 

PHOfOEXACT 


AMERICA’S MOST WIDELY USED 
PHOTOCOPY EQUIPMENT 


BLUE 
PIINTS . 

■ptiicir 

^^CNES 

SBAPlir 

f SPECIE) 
'CATI^ 

OVEII 
108 

OTKEBS 


INVENTORS. Do Not D.lay. 

In order to PROTEX^T your Invention and reap 
the reward that should be yours PATENT 
your Invention without delay and at the same 
time have RIGHTS to sell when Manufacturer! 
convert to civilian Production Write for 
Infoimatlon TO-DAY 

RANDOLPH A BEAVERS 
25 Columbian Bldg , Washington, D C 


BEST QUALITY GLOWS BRIGHT 

LUMINOUS PAINT 

1 oz. each paint and icaler only ^1.39 

BLACK LIGHT PRODUCTS 

4S0 E OHIO STREET CHICAGO 11, III 



"DUPLICATED WITHOUT DIES" 

If you desire to save tune and critical 
materials on production of metal sump 
inss or other smalt parts, then the 
Dl-ACRO System of **Metal Duplicating 
Without Dias** merits your consideration 
work It accurate to 001" These precision machines are 
adaptable to an endless variety of work, and ideally suited for 
use by girl operators For short runs your parts are processed 
in a matter of hours instead of waiting weeks for dies 

Send for catalog ''DIE-LESS DUPLICATING 

DI ACRO IS pronounced *'DIE-ACK RO*' 



OflEIL-IRWin .r n « 


347 Eighth Ave $ 

^ MimiGoiwIlf 15, Minn 1 
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studftrmuimumm 

BATiim 

■VMItlMM M/UUU 

lcA.m«w«c«k. 

IUg.Fs$€m$Auaimf$Sim0l$Tf 

4M Smw tMi. WiiMiillit f 9 »• 



Th« Commercial Calculator 

will quickly colve any 
problem In multiplier- 
lion, division and pro- 
portion It will give the 
Interest on any prin- 
cipal at any rate for 
any time Gives per- 
centage of profit loss 
and overhead division 
of freight rates string 
discounts and wages by 
day week or month It 
also gives the number of 
days between any two 
dales and gives the day 
of the week for any day Constructed to give 
at least 10 years service Diameter 6 Inches Sold 
under our guarantee ‘Your money back any 
time within 30 davs If you are not satisfied 
Price with Instructions $2 (0 
CIRCULARS FREE 

Gilson Slido Rulo Co., Stuart, Fla. 

SlUU Rule Makers since 1915 



Agricultural Division, is said to offer 
economic advantages in installation, 
labor, and maintenance 

The plastics irrigation tubes consist 
of four-foot lengths of tubing bent to 
hang over irrigation ditch banks at m- 
tervals to drain into the rows To start 
the water runmng, the tube is filled by 
immersing it m the lateral, one end 
IS covered by the hand, and the tube 
IS then hung over the bank With one 
end completely submerged in the lateral 
and easily adjustable, the tube does not 
become clogged with trash which floats 
on the surface of the water No dig- 
ging or maintenance of the bank is 
necessary, and soil erosion from irriga- 
tion is prevented 

Temte is extremely light in weight 
and IS easily shipped and carried, an 
armload of the tubes weighs only a few 
pounds Because of the transparency 
of the plastics, possible air locks are 
readily located The smooth surface of 
the plastics tubing makes for maximum 
uniform flow of >^ater 


MICRO SWITCH 

la a snap-acting Bakelltt housed Underwriters 
listed switch No larger than a man s thumb 
yet rated at 10 amps 25 volts A C Over 50 
types in stock from $1 00 to $4 00 




Open or cloeed circ $1 10 Open or closed circ SI 25 
SPOT $130 SPOT $145 


ALNICO Pocket Pieces ll/ia- x 0/16- x U" 

pair II 00 

Horse Shoe Magnets ‘ 2 " x > 2 - x ^ 4 " Pair $1 25 
lia* X Watch size GEAR BOX 
160 to 1 Ratio 35< 3 for $1 00 

8KINDERVIKEN Transmitter Button with 
16 page Experiments Booklet $1 00 

2>4 X AC 110 volt Clock Motor 

3 revolutions per minute II 00 

One ampere Mercury Switch 
long leads 359 4 for II 00 


BIAN, 64J Day Sfraet, New York 7, N Y 


bivenfj^ 




aKiropm 

BRUSH 








Easy to Plot* CHROMIUM 

GOLD, SILVER, NICKEL, COPPER 
. . for Phaturo and Profit I 

If you have a workshop~at home 
or in business — you need this new 
Warner Liettroplatcr At the stroke 
of an electrineti brush you cun 
electroplate models and projccu— 
you can replatc worn articles fan 
ceis tools nxlurcs silverware etc 
with a durable annrkllng loat of 
metal Gold Silver, Chromium 
Nickel Copper or Cad ml urn Method 
Is easy stmpU quick Everything 
furnished — equipment eoinplele 
ready for use Bv doing a bit of xcork 
for others, your machine can pay for 
itself within a Uick So make your 
shop fomplele by gtttlng a Warner 
Flectroplater right away Send to- 
day for hREE SAMPLE and Illus- 
trated literature ACT AT ONCFI 
WAMNCfl CLfCTMIC CO . OkPT C 85 
663 N WtlU St. Chicago 10 III 


FREE Details & Sample! 


.It ► -h 


I 663 H 
I Gentlemen 
I Name 
I Addrees 
iCity 


/aAMUbK LLtUiniw uw 
Wtlli St Chicaao 10 Dcot C 85 
Send Free Sample and Details to 


STEEL FIRE ESCAPE 

Stored in Carton, 

Used When Needed 

Recently placed on the market for 
use in homes, apartment houses, hotels, 
and factories, a portable Are escape is 
said to have a load capacity of 1880 
pounds, and comes stored m a carton 
ready for use In order to operate the 
fire escape, it is only necessary to open 



Brood steps ond steel chains ore 
features of this portoble fire escope 

the carton, hook the anchor over the 
window sill and then drop the carton 
containing the fire escape to the 
ground 

When this is done, the broad steel 
steps suspended on steel chains fall 
into place, making descent to the 
ground easy Manufactured by the 
Metal Portable Fire Escape Company, 
these units are offered in three sizes, 
for second, third, and fourth story 
windows respectively The maker 
claims that they will anchor on any 
window sill with safety 


AOHROMATiO TELESCOPE 
OBJECTIVES 

Built !• your ordor 
Pluoridt Hold CocOod furfocoa Mod# from 
Proclalon onnoolod Opticol 


Crown CMid 
OlOM 

Cloor Aporfuro 

2 inch 

3 

4 
3 
6 


Focal Longfh 
30 inch 
45 " 

60 " 

75 
90 


Price 
$15 00 
40 00 
100 00 
300 00 
400 00 


W« can tnanufactura any ftze objactiv* 
and focal langth to your order 
All focal lanjgclit aubjoct to plus and minus 
tolerancaa of 2 V 2 % 

RIFLECTINO TBlIfCOPE MIRRORS COR- 
RECTLY FIGURED CHROME ALUMINIZED 
Made from Pyrax blonkt, 

r)>amat®r Pocol Length Pnr^ 

41/4 inch 32 inch $15 00 

6 • 4B '• 40 00 

8 ' 64 ' 70 00 

10 80 ' 10000 

I2V2 " 96 ' 200 00 

Abuve objective lenses and mirrors guar 
antced to be built to your satisfaction or 
we will refund your money 

MAYFLOOR PRODUCTS CORP. 

KATONAH 2, N Y 


NOW 


Rspair yosr ews 
ELECTRICAL APPLIANCES 


CHANITB S<lfW*Minc ELECTRICAL 
HEATING ELEMENT flux Geneou. 
amount, inatructions encloaed $1 00 post 
pa d Guaranteed nothing like it 
CHANITE SALES COMPANY 
914 South Moin Fort Worth 4. Texas 


BLACK 

LIGHT 


LAMPS, LArgUERS, 
CRAYONS FABRICS, etc 
Trial kit of 8 lacquers 
$6 2'i Black Bulb for test- 
ini? $2 00 Write for cie- 
Hirlptlve list 


BLACK LIGHT PRODUCTS 


450 E OHIO foT CHICAGO 11 ILL 




nco.,ssio.wai 



INVENTORS 


NOW l$m TIME TO 
PATENT YOUR INVENTION 

Manufacturert eveiyWhera 
are buying |>atent lightg 
now, BO they wiU Eito 
new Items to make and 
sell for civilian consump- 
tion as soon as the war 
is over You should look 
ahead to the future, too 
Protect your invention 
and yourself by applyi 
for a patent now. 

GCT FREE ^PATENT GUlOP* 

Our free 48 page 'Tatent Guide*' tells 
what details are necessary to apply « 
for a patent , and countless other tacts ' 
you will want to know Mail coupon 
tor Free “Patent Guide" and “lUcord , 
of Invention" form today. 



CLARENCE A. OBRIEN 
b HARVEY B. JACOBSON 


D. a 


I 


I ^Regiattfed Patent Attomeyi 

I 55-J Ada^ Bldg, Washington 4, v* w. ’ 
I Please send your 48 Page "Patent Guide" I 
I end jmur "Record of Invention" form 
I FREE. This request does not obligate ms. | 

I Name -• j 

I Address * ' 1 

I^CRy State ... . j 
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MIND POWER, 


A FREE BOOK 

Develop your personal, creative power* Awaken 
the nlcnt, tleeping forces tn your own conscious* 
nesa. Become Master of your own life Push 
•side all obstacles %nth « new energy you have 
overlooked. The Rosicrucians know how, and 
wiB help you apply the greatest of all powers In 
man's control Create health and abundance for 
yourself Write for free book, '*The Mastery of 
Lafe ** It tells how you may receive these teach* 
mgs for study and use^ It means the dawn of • 
new day for you. • . Address Scribe LAC. 

ROSICRUCIANS 

SAN JOSG (AMORC) CALIFORNIA 


Electric Heating Elemen's Now You Can Repair Them 

USE NICHROCITE PASTE 

Simply overlap ends, ap- 
ply Nlchroclte Paste and 
turn on current Used by 
large utility companies 
Trial order $I 00 4 oz 
$2 50 1 pound IB 00 

Armstrong Eloctric Mfg Co 
Box 8B1-SA, MinnoopolU, Minn 


I INVENTORS 

Industry needs your Ideas now! Manu- 
facturers are getting ready NOW for 
post-war sales and production Factories 
must ha\e p*‘oduct8 to take up the slack 
after war orders stop Get our NEW 
FREE Inventor s book today and valuable 
Invention Record form Act now 

McMORROW & BERMAN 

Rfgtsiered Patent Attomey$ 

!^s 1757 Atlantic Building Washington 4 0 C.£m 




THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

18 now in use by moat 
of the Police Departments in the 
United States It is also the system 
which applicants for many Civil 
Service poaitions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

"THE FINGER PRINT 
INSTRUCTOR" 

In this 182-page book, written by a 
noted finger print expert who was 
for many years m the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification Numerous 
photographs and reproductions of 
prints make all details clear 
Used by many governmental and 
industrial personnel departments 
and by the FB.I 

$4 25 postpaid 

Order From SGIENTIFIO AMERICAN 
24 West 40th Street, New York 18, N. Y. 


Currtnt BuMstin 
BrUfs 

Conducted by K M. CANAVAN 


(The Editor will apprft'ia*© it 
if you will mention Scientific 
American when writing for any 
of the publications hotted below ) 


Push-Button Brazing is described in 
issue Number 32 of Low Tempera- 
ture Brazing News This four-page 
folder gives information on a rapid 
metal fabricating method using low 
temperature silver brazing alloys for 
the fabricating of small and medium 
size parts in large quantities Handy 
and Harman, 82 Fulton Street, New 
York 7, New York — Gratis 

Nine-Inch South Bend Precision Lathi- s 
Is a 36- page catalog describing a 
complete line of nme-inch engine and 
toolroom lathes suited for production 
of small precision parts, and for gen- j 
eral and specialized use m machine, | 
maintenance, repair, and laboratory 
shops Request Catalog 9-G South 
Bend Lathe Works, 388 East Madison 
Street, South Bend 22, Indiana — Gratis 

ViBRAFLEX Engine Mountings is a 
single sheet presenting a simplified 
means of selecting lubber insulated 
engine mountings that stop engine 
vibration Dimensional drawings show 
the four types available for handling 
loads of from 20 to 600 pounds Request 
Bulletm BU-23 Bushings Inc , 3442 
West Eleven Mile Road, Berkley, Mich- 
gan — Gratis 

Pathway to Executive Success is a 
24-page booklet — one of a senes of 
management-idea booklets Topics cov- 
ered are how individuals progress, 
how they can plan for success, and how 
they can apply the principles of suc- 
cess to their own careers Hammermill 
Paper Company, 1541 East Lake Road, 
Erie, Pennsylvania — Gratis 

Save and Serve With Proper Lubrica- 
tion IS a 20- page manual printed as 
an authoritative guide on correct lubri- 
cation practices, covering operating 
temperatures, contamination, lubneant 
application, lubrication schedules, and 
so on Industrial maintenance men will 
find this a concise guide to better lubri- 
cation Sun Oil Company, Industrial 
Pjoducts Department, Philadelphia, 
Pennsylvania — Gratis 

The Edlund Offset Back Spotfaceb is 
a four-page bulletin containing di- 
agrams and engineering data on typi- 
cal applications and specifications of 
standard models, cutters, and pilots 
Request Bulletin BSF445 Edlund 
Tools, Inc, 4473 Woodward Avenue, 
Detroit 1, Michigan — Gratis 

Surfacing With Tarmac is a 16-page 
brochure based on 14 types of pav-^ 
ing treatment, their advantages and 
methods of application Among the 
methods discussed are the soil stabil- 



JHuM 

ran dark jobs . .fwiiii 
GENERAL BAT-LAMP 


Screaintln«d "trouble- 
light" fits In tight, nar- 
row places Made of 
losufaclng plastic with 
rotating metal reflec- 
tor and guard. Write 
Dept 9-E 

■ 

THE 

g eneral D ETROIT CORP. 
2270 S Jefieraon, Detieit 7 


EXPERIMENTERS - CRAFTSMEN - 
REPAIRMEN 

Assortment of almost 400 valuable new springs 
75 different kinds numerous sires containing 
torsion expansion comp'-csslon flat typee $2 00 
Useful for all experiments models repairs 
Del* e n-snrtment 00 T’im*o assortment 
$5 00 Utility assortment $1 00 postpaid Satis- 
faction guaranteed 

TECHNICO 

P O Box 246~C, West Newtford, Conn. 



WOklD $ UflGCST MAKEIS OF COONTINO DEVICES 


VEEDER-ROOT INC. ^ 


Armj-IVavy Bargains 


Shot gun nipples 4 for |1 M 

Flints Rssotled 10 fur 15# 

Eagle buttons old style 6 for tS 

Cartridge belt cal 30 double row 65 

Leather belt black bar buckle 75 

Watering biidle bit and reins black 1 55 

Krag lear sight Model 02 155 


Prices do NOT include pontni^e 1045 catalog 308 
pages mailed for one dollar Circular for 34 stamp 
FRANCIS BANNERMAN SONS, 501 Broadway N Y 18 


PORRO PRISMS 

Pn" X 15/16" Oval Pace Manufactured by world- 
famous opticians for Army «4c Navv 8 x 50 binocu- 
lars Rejected fot slightly chipped edges 
Oiiistund Bargain' 

304 e I 4 for $1 00 postpaid 

No C O D Remit with order 
HARRY ROSS 

Scientific and Laboratoiy Apparatus 
70 W Broadway N Y 7 N Y 


LANGUAGE 
IS POWER 

Forge ahead, win 
special assignments, 
promotion, better |ob 
in global peace time 
opportunities through 
ability to speak a for- 
eign language 
MASTER A NEW tANQUAGE 
quickly, •ailfy# correctly by 

LI NGUAPHON E 

The world famous Llnguophone Conversa- 
tional Method brings voices of native teach- 
ers INTO YOUR OWN HOMp You learn the 
new language by LISTENING It's amaz- 
ingly simple, thousands have succeeded 
HOME-STUDY COURSES IN 29 LANOUAGES 
Send for FREE book— 

LINGUAPHONE INSTITUTE 

212 ^ 20 Circle 7-0830 

LINGUAPHONE INSTITUTE 

TIO RCA Bldg, New York 20 N ' 

Send me the FREE Llnguophone Book 
Name 

Address City 

Language Interested 
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ON TECHNICAL BOOKS 


Qucmttties Limited 
Order Now 


Title Author 

Original 

Price 

NOW 

Scattering of Light and the Raman Effect 
Bhagaventam 75 $2 50 

Hair Dyes dC Hair Dyeing 

Redgrove 

5 00 

2 50 

White Shoe Dressings and 
W D John 

Cleaners 

1 75 

I 00 

Chromosomes 

Whita 

1 50 

1 00 

Chemical Species 

Timmermans 

4 00 

2 00 

Private Generating Plant 

Proton 

2 50 

1 75 

Substitutes 

H Bennett 

4 00 

2 50 

Tin Solders 

Nightingale Oc 
Hudson 

2 73 

1 50 


Wireleu Coila, Chokes 8i Transformers 


Camm 

2 50 

1 75 

Manual of Endocrine Therapy 



Cinbcrg 

I 25 

2 00 

Milling Practice 



Molloy 

2 00 

1 00 

Tropical Fruits 



Sukh Dval 

2 75 

I 75 

Welding 8C Metal Cutting 



Molloy 

2 50 

1 75 

Firepumps 8C Hydraulics 



Potts Sc Harnss 

2 50 

1 25 

Handbook of Mica 



Chowdhury 

6 00 

3 00 

Stromberg Injection Carburetor 


1 isher 

2 50 

1 75 

Glue and Gelatin 



Smith 

3 75 

2 50 

Reinforced Concrete Construction 


Cantell 

3 00 

1 50 

Elementary Mathematics for Engineers 

Fleming 

2 50 

1 50 

Methods dC Analysis of Coal dC Coke 



1 50 

1 00 

Aviation Instrument Manual 

5 00 

3 00 

Wiring Circuits 



Stuart 

Modern Oil Engine Practice 

H IVfolloy 

2 50 

1 50 

5 00 

3 00 

Aircrew’s Book of Practical Mathematics 

Robinson and 

Allan 

1 50 

I 00 

Automatics in Engineering Production 

Molloy 

2 50 

1 25 

Rubber and Its Use 



Fisher 

2 25 

1 30 

Drug Sc Specialty Formulas 



Belanger 

6 00 

I 00 

Plastic Molding 



Dearie 

4 00 

2 00 

Insect Pests 



Harvey 

4 25 

2 50 

Adhesives 



Braude 

3 00 

2 00 

Fruit Pectins 



Hinton 

1 75 

I 00 

Cellulose Chemistry 



Plunguian 

2 25 

1 75 


(To abov« prices edd 10 ceAts domestic postage 
for each book For foreign postage add 35 cents 
for each book ) 


(All prices subject to change without notice ) 

SCIENTinC AMERICAN 

24 WmI 40th St N«w York 18, N. Y 


ized base course and the double surface 
treatment with hot and cold applica- 
tion Road repairs, which will be 
numerous as the result of war-time 
restrictions, are also discussed Kop- 
pera Company, Inc , Tar and Chemical 
Division, Koppers Building, Pittsburgh 
19, Pennsylvania — Gratis 

Geiger -Counter Spectrometer for In- 
dustrial Research, by H Friedman 
of the Naval Research Laboratory, is 
an eight-page illustrated booklet dis- 
cussing the theory underlymg X-ray 
powder diffraction, how the spectrom- 
eter works, its performance and appli- 
cations North American Philips Com~ 
pany, Publicity Department, 100 East 
42nd Street, New York 17, New York 
— Gratis 

Everywhere in Industry is a 20-page 
bulletin on synthetic rubbers Com- 
piled for engineers, designers, produc- 
tion men, purchasing agents, and indus- 
trial executives, the bulletin describes 
the manufacture, characteristics, prop- 
erties, jand applications of several avail- 
able types of synthetic rubber Hycar 
Chemical Company, 325 South Main 
Street, Akron 8, Ohio — Gratis 

Sure - Flow Centrifugal Coolant 
Pumps is a 28-page bulletin contain- 
ing descriptions of 27 sizes and types of 
pumps In addition to details and speci- 
hcations, practical engineering data and 
tables are presented Logansport Ma- 
chine Company, Inc , Logansport, In- 
diana — Gratis 

I How to Choose a Heating System for 
Your New Home is a 16-page book- 
let prepared for piospective home 
builders in the post-war period and 
containing information about radiant 
heating and installations in city, subur- 
ban, and farm homes A M Byers Com- 
pany, Pittsburgh, Pennsylvania — Gratis 

Fairbanks -Morse Opposed Piston Diesel 
Engine is a 28-page bulletin on an 
engine now available foi industrial 
or marine service The engme is de- 
sciibed in detail with the aid of many 
photographs, charts and cross-sectional 
views Fairbanks, Morse and Company, 
600 South Michigan Avenue, Chicago 
5, Illinois — Gratis Request this on 
your business letterhead 

Operate Power Trucks Safely, Series 
C, is the third in a series of indus- 
trial safety charts It contains pictorial 
information on how to load trucks 
properly and how to drive them care- 
fully Superintendent of Documents, 
Government Printing Office, Washing- 
ton 25, D C — Five cents 

Lonn Blow Guns, Spray Guns, and 
Water Savers is a 22-page booklet 
explaining the Lonn principle of valves 
which have only three working parts 
and which give constant fingertip con- 
trol of air or water under pressure 1 
without the use of levers, springs, push j 
buttons, packings, or screws Each type 
of gun is illustrated and described in 
^detail The B F Goodiich Company 
Public Relations Department, Akron 
Ohio — Gratis ' 



Scientific American’s 
two telescope books 

AMATEUR TELESCOPE 
MAKING and 
AMATEUR TELESCOPE 
MAKING — ^ADVANCED 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals Came the war. Hun- 
dreds of new optical industries 
sprang up Fewer amateurs found 
time to make telescopes, yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Staffs 

For their Workmen 

Why? 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike Today the two books are in 
nearly every optical industry’s offices 
in the nation They ’’rate.” 

Amateur Telescope Making $4 00 
postpaid, domestic; foreign ^4.35 
Amateur Telescope Making Ad- 
vanced $5 00 domestic; foreign $535 

SCIENTIFIC AMERICAN 

24 West 40th St., New York 18, N. Y. 


TRANSFER INITIALS 

To identify your property 
They can be easily applied to 
Metal, Wood, Glass, China, 
Leather or painted surfaces 

Any combination of 

U lETTERSv^ 'highnoo 


W B MacKENNBY 

724 Cemmsreiol Trust Bldg , Philadelphia i, Po 

Fnclosc 1100 cash or check for 18 as 

follows 

Name — - 

/!</</» esi — — - 
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Our Book Corner 

THE BOOK DEPARTMENT of SciontiBc American is conducted, with the co* 
operation of the Editors, to make available for you a comprehensive book 
service Each month the Editors select and review in these columns new books 
in a wide range of scientific and technical fields In addition, they are ready 
at all times to advise you regarding the best available books on any subiect 
You are invited to use this service freely Tell our Book Department what 
kind of books you want, and you will be furnished with the names of available 
books, including prices When Inquiring about books, please be specific, 
remember that we can be of the greatest help only when you tell us |ust what 
you are looking for Books listed in these columns may be ordered from our 
Book Department Add 25 cents per book for mailing outside U S All re 
mittances are to be made in U S funds Prices given are sub|ect to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, located in 
the United States, or men in the Navy, Marines, or Coast Guard, located any 
where, will be delivered, insurance fees should be sent with orders, as follows 
To $5 in value, 3^ additional, f-^om $5 to $25, 10<j from $25 to $50, 15< 


THE CHEMICAL FORMULARY 
Volume VII 

By H Bennett 

T his, the seventh volume of that well 
known and popular book of formu- 
las, IS now off the press Containing as 
it does many useful formulas which 
are simple to compound and apply, it 
is an indispensable book to everyone, 
especially to those living at great dis- 
tances from sources of supply when 
frequently substitutes have to be used 
In lieu of unobtainable materials The 
wide range of subjects covered m the 
book makes it eminently desirable both 
to the agriculturist and to the indus- 
trialist The chapter on cosmetics will 
appeal to the distaff side of the house- 
hold, as it contains many useful and 
inexpensive formulas for milady’s toil- 
ette And when the drill sticks at the 
bottom of the new well hole, a formula 
IS given which is likely to solve the 
difficulty in short order (474 pages, 
5^/^ by 8% inches) — $610 postpaid — 
WDA 

THE MEANING OF RELATIVITY 

By Albert Einstein 

R eadfrs who have vainly sought this 
classic by Professor Einstein him- 
self will rejoice to learn that it now is 
in print again, in a second edition, with 
an added 24-page chapter in which 
advances made since first publication 
25 years ago are described Those who 
are not well at home in the calculus, 
other advanced mathematics, and mod- 
ern physics will probably find it poor 
pickings, for it is mainly made up of 
both and is not a popular exposition 
(135 pages, 5 Mi by 7% inches, four fig- 
ures ) — $2 10 postpaid — A G I 

THE SUPERFORTRESS IS BORN 

By Thomas Collison 

I T IS surprising that an undertaking 
in power engmeenng, even if it 
deals with one of our effective weapons 
against Japan, can be the subject of 
such an absorbing story And the story 


is absorbing It is a tremendous credit 
to the relatively young men working 
at Boeing Wellwood Beall, Edmund T 
Alle 1, Edward C Wells, and George 
Schairer, only one of them over forty, 
who provided the experience, imagina- 
tion, and brains to give the Superfort- 
ress its inception Chapter headmgs 
Reconnaissance, Conception, Creation, 
Production, Flight Test, Carry On', The 
Battle of Kansas, Flying As To War, 
Objective, Yawata, and, with suitable 
illustrations, nothing gives a better 
picture of the way in which the great 
aircraft was conceived, created, and 
tested At the same time, the book is so 
accurate and so knowledgeable that it 
constitutes an informal treatise on air- 
craft design, giving an excellent idea 
of structure, armament, production 
methods, and the like (218 pages, a 
number of plates)— $310 postpaid — 


INTRODUCTION TO 
MICROWAVES 

By Simon Ramo 

A n adequate understanding of micro- 
waves and their applications can be 
had from this book by engineers and 
men in industry who do not have the 
time or the desire to wade through the 
abstruse mathematics of the subject 
The differences and similarities be- 
tween microwaves and lower frequency 
electricity are clearly put forth, and 
the text goes on to cover velocity 
modulation, radiation, transmission 
lines, and so on (138 pages, by 8V2 
inches, 120 drawings) — $185 postpaid 
— APP 

TELEVISION 

Programming and Production 
By Richard Hubbell 

B ringing the reader up to date on the 
progress of television durmg the pre- 
war period and through war-time de- 
velopments to early 1945, the author 
deals with the potentialities of the art 
and its place m communications This is 
not a technical treatise on television 



POCKET 

MICROSCOPE 

Equipped with fully 
Achromatic lens sys- 
tem 40X SOX 60X in 
same tube. Price 
$15 00 in leather case 


f 

i 

f 

4 





Experimental and Model Work 

Fine Inttruments and Fine Machinery 
iTfvetitions Devcloi'rd 
Special Tools, Dies, Gear Cutting, Etc 

HENRY ZUHR, Inc , 187 Lafay«ft« St , N Y 13, N Y 


PATENT 

For Sale or License 

Prominent British manufacturer 
of precision machinery desires to 
grant license under, or sell, 
United States patent on mochine 
for accurately cutting fine 
threads on or in soft metol and 
the like No brokers For particu- 
lars address 

Box 600 

SCIENTIFIC AMERICAN 

24 West 40th St, New York 18, N Y 


MAGIC ELECTRIC WELDER 

no volt AC-DC welds brazes solders cuts 
all metals easy to use full directions Com- 
plete with power unit flame and metallic arc 
attachmenlM (arbons fluxeK rods mask Used 
by the Navy For professional or hobbyist 
Only $19 95 

MAGIC WELDER MEG CO 

2i0 ranal “M Dept PA 9 Niw York City 


INVEimONS 

MinDIKi 


By filitiB your patent claim now, 
you will be in a stronger posi 
tton to approech manufacturers 
who may bo interested in your 
invention for postwar use . 
Mail this coupon TODAY It 
bnnga 2 valuable ''show-me- 
how” books, free to inventors 
**Patent Protection” end 
^Selling an Invenuon ” All 
about Inventions end bow to 
patent them These 2 books— 
64 pages — are FREE Also 
^Evidence of Invention” form 
Mail coupon today Remember 
—we hare given nearly 50 
years of service $o thousands of 
successful myentors 


■■ VICTOR J. ^ 

EVANS £*L0. 
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Not Salvage— 
Not Rejects-Not Junk! 


Each piece guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before l^en offered to amateurs. Our 
prices are a small fraction of original 
cosu. Limited supply available of items 
listed 


ORDER NOW - DON'T BE SORRYI 



EYEPIECE IN FO- 
CUSING MOUNT, 
lyi" (35 mm) 11 
Surplus lot from war 
instrument Tremen- 
dously wide field of 
view Diameter of 
eye lens more than 
r, field lens 1^4" All 
outside lens surfaces 
fluoride coated Most 
remarkably efficient 
(brilliant) eyepiece 
ever ^ch $4 SO 
Rushing to fit standard 1^" telescope 
tube $3 00 extra Bushing to fit your 
special tube size $4 00 extra 
EYE-CUP of soft ruhlicr for eyepiece 
above Excludes side light With 
clamping ring Each 50^ 

DOUBLE ^CROMA 1 1C I ENS 
SYSTEM All outside surfaces fluo- 
ride coated 2 ' (M mm) fl 
Mounted, od 1 3/16" (30 mm) Clear 
aperture 7^" (23 mm) Suitable for 
inverter with the above eyepiece, as 
an excellent magmfici of 4 power and 
as a projection lens for Kodachrom< 
slides size 2x2 Each $3 50 

\CIIRO\UTIC CEMENTED OB- 
JFCTIVF, 2Yu' (53 mm) diameter 
8^1" (216 mm) fl, not mounted 
fluoride coated Each $3 00 

MIRRORS Front surface aluminized 
17«" X 2" (irrcgularL 1/16" thick 
hach 25<* 


PRISMS In metal mountings, readv to 
make into diagonals fluoride coated 
meet the most exacting re(|uircments 
9/16" (15 mm) x 11/16" (18 mm) 
$2 00 (suitable for micro projection) 

1 1/16" (27 mm) x I 3/16" (30 
mm) $3 00 and 1 5/l()" (34 mm) x 
P4" (3^ mm) $3 50 (these two sizes 
ai( suitable for 6" and 8" diameter re- 
flec tors) 

AMICI ROOF PRISM, double invert- 
ing. guaranteed corrected to 2 seconds 
of arc, 13/16" (21 mm) x 13/16" 
Each $2 00 

Porro- Abbe-Dihedral Prism 5/16" (8 
mm) on face Fach 15^ 



Include Postage — Remit unth Order 

CATALOG of lentot, prisms, ate , 10c 

HARUY ROSS 

Sciantific and Laboratory Apparatus 
70 W Broadway, N Y 7, N Y 


but rather an analysis of the art it- 
self, produced as an aid to thinking on 
the part of advertisers, broadcasters, 
writers, technicians, and so on Over 50 
photographs illustrate various types of 
productions and production problems, 
drawmgs are used to emphasize specific 
aspects (207 pages, 6 by 9 inches) — 
$3 10 postpaid — A P P 

STICK AND RUDDER 

By Wolfgang Langewtesche 

T his overall treatise on the art of fly- 
ing sets out to tell in lucid and un- 
affected language precisely what the 
pilot does when he flies, how he does it, 
and why The author, an experienced 
flier, has tried to put down all the im- 
portant things about flying that have 
hitherto gone unsaid The student flier, 
or the earthbound person who merely 
wants to know about the actual ex- 
perience of flying as distinguished from 
the abstract theory of flight, will find 
this carefully prepared volume an 
enormous help (386 pages, by 9 
inches, many illust»*ations and dia- 
grams, index) — $3 85 postpaid — JC 

YOUR HAIR AND ITS CARE 

By Oscar L Levin, A4 D , 
and Howard T Behrman, M D 

S CIENTIFIC facts about hair — ^how to 
save and beautify it, how to stimu- 
late healthier hair growth, and how to 
deal with such problems as dandruff, 
thinning hair, excessive oiliness, para- 
sites, iiifections, and so on This is no 
“cure-for-baldness*' screed, but a sane, 
down-to-earth, compact presentation of 
scientific knowledge (184 pages, 5 by 
71/2 inches, a few drawmgs) — $210 
postpaid — A P P 

DICE OF DESTINY 

By David C Rife 

H ow MUCH of their vices and virtues 
as well as their good looks and bad 
points men and women inherit from 
immediate or remote ancestors is the 
fascinating question that is examined in 
this book in a temperate and enlighten- 
ing manner by a writer who has made a 
close study of the subject His chief 
concern is in applying the principles of 
heredity as they affect individual and 
racial variations He does not attempt 
to catalog abnormalities and unusual 
genetic traits in man, but stresses 
normal differences which are quite 
common, and which are responsible 
for genetic differences between racial 
groups His book is a significant and 
informative contribution to this area of 
human knowledge of which so much 
remains still to bo explored (151 pages, 
8V2 by 8 inches, index and illustra- 
tions ) — $1 85 postpaid — J C 

NAMES ON THE LAND 

By George R Stewart 

O RIGINS of the principle place names 
in the United States, many of them 
passing strange and picturesque, are 
stated in this book which is not, how- 
ever, a cut-and- dried catalog Alto- 


gether on the contrary, it is anecdotal, 
the names bemg treated just as they 
might come up m ordinary conversa- 
tion The famous tradition about 
**changmg the name of Arkansas*’ but 
not the actual speech is narrated, and 
so are accounts of S H. Mountain and 
Putah Creek — the author doesn’t call 
a spade a garden implement Penn 
Van, New York, is treated but Painted 
Post and Horseheads are passed by, and 
so IS Lake Charagogagoggmanchuga- 
goggehabunagungamaug, Massachusetts 
Gospel Gulch and Jackass Gulch are 
in, but Ho-ho-kus, New Jersey, is 
skipped Yonkers is not, nor is Jiggs 
But Skunk’s Misery is listed, and so is 
’Scape- Whore (418 pages, 5% by 7V^ 
inches, unillustrated ) — $3 10 postpaid 
—AG/ 

THE CHEMISTRY OP 
ACETYLENE 

By Julius A Nieuwland and 
Richard R Vogt 

P reparation, properties, and reactions 
of acetylene, together with an ex- 
tensive classified bibliography, are here 
presented as a compact but fairly com- 
plete account of an important industrial 
material This is a solid text and refer- 
ence book for the industrial chemist 
(219 pages, 6 by 9 inches, unillustrated ) 
— $4 10 postpaid — A P P 

PRACTICAL MARKSMANSHIP 

By Melvin M Johnson, Jr 

H ere is a book for every man who ap- 
preciates fire-arms, whether sol- 
dier or sportsman The author knows 
what he is talking about and writes 
in an interesting style, with plentiful, 
self-explanatory anecdotes to hammer 
home various points Without being 
too technical he gives the important 
facts about markmanship, showing by 
diagrams and photos what would re- 
quire pages of reading matter His re- 
marks on the early training of shooters 
would be well worth thoughtful study 
by many gunnery instructors The 
chapter on short range snap shooting 
IS of timely mterest to those of our 
boys destined for jungle fighting This 
book is a worthwhile gift to any service 
man whose life may depend on how 
well he knows how to handle his fire- 
arms (183 pages 534 inches by 834 
inches, illustrated ) -^2 60 postpaid — 
WDA 

PLANT PATENTS— 1934-1943 

By Robert S Allyn 

S UPPLEMENTING “The First Plant Pat- 
ents,” published in 1934, the present 
volume presents abstracts of plant pat- 
ents 85 to 610 The text also covers the 
classification of plant patents, some 
plant patent suits, infringements, and 
offers the conclusion that plant patents 
have been extremely helpful to horti- 
culturists (52 pages, cloth cover, 734 
by 11 inches, reproduction of complete 
plant patent 261 ) — $310 postpaid Both 
volumes, covering plant patents from 1 
to 610, $510 postpaid, if ordered to- 
gether — A P P 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

Editor of fho ScionfiHc Amoricon booke ''Amotowr Tolotcopo Makin9*' 
ond '*Am«tovr Toloecopo Moklnf— Advoncod*' 


R eproduced on this page at 7/16 origi- 
nal size are several pages from Sir 
Isaac Newton’s classic “Opticks” (1704) 
The selection begins at the fateful 
point where Sir Isaac made the famous 
mistake that led him just to miss dis- 
covering the achromatic lens principle 
— but also to invent and make the first 
Newtoman telescope In it, the amateur 
telescope maker of today may see 
Newton, himself essentially an amateur, 
at work on the first telescope mirror of 
record 

First-edition copies of Newton’s “Op- 
ticks” are sold by rare book dealers at 
prices current from about $30 to $70 
Let not the old-ftyle s of Newton’s time 
difmay you, fince after remarkably 
little reading it no longer tripf you up 
The first complete sentence on New- 
ton’s 75th page begins on Ime 2 with 
the word “But,” and contains the state- 
ment which delayed discovery of the 
achromatic lens almost a century After 
a sketchy experiment Newton had 
jumped to the conclusion that refrac- 
tive mdex and dispersion were pro- 
portional, so that by no two-component 
objective lens dodge could lenses be 
freed from chromatic aberration The 
pundits long blindly accepted New- 
ton’s dictum 

Plaintively, Newton next states that, 
so far as the reflector is concerned, he 
supposes people would simply have to 
go on usmg the same old principle, the 
one-lens objective of Kepler which had 
immense focal length to minimize aber- 
rations, and obtain any improvements 
by still further increasing these focal 


[ 75 ] 

nughc Tdcfto^ Be brciueiu »o foEicirnc petfraion, vnereit 
noc for thediH&eacrtfrAi^lMky of In^erall^of Rayi Buc 
by rufon of chu diEbem refranphiluy, I do not yet fee any 
other meant of ta9|M\ing Teletypes ^ RcfiraAions alone 
than that of tncreaiii^ their lengths, for which end rhe late 
comrivance of hUtgmtu feemt well accommodated Foe 
▼cry long Tubes are cumberfome, and Icar^c to be readily 
managed, and by rcafon of their length arc very ape to 
bend, and fhakc bv bending |b u to aufe a conunuil 
ambling in the Obie^s, wMreby a becomes dilHctilc to 
fee them ddhnftly whereas by his contntance the Cbflet 
are really manageable, and the Objef^-Glafi bemg fottup* 
on a Arone upn^t Pole become* more Aeddy 
Seeing eWemit the rniprovcment ofTelercopei of given 
lenchs by RrAa^iom u defperare * I aSotnyed hemoKnta 
PerfpeiAivc by reSexwo, u/ing loAud of an ObjeftOtaA 
a concave Metal The dtametor of the Sphere to wtdek 
the Metal wai ground conuve wa* about Lnglt{h Incbei, 

and by confetjtieoce ih« length of the loArument aboot fot 
lochcit and a quartel- The EytvGlaU waa plano-convea, 
and iht Diameterof cheSphere to which the convex Ude waa 
pound wai about ^ of an Inch, or a little lefe, and ly con* 
iMoence jc magnifted between to and 40 times. By ano* 
ther way ol^eafuring I foontf that « mi^Aed about 
? 5 The Concave Metal borean iperture of m IncH 

and a third part } but the apereure waa limited oat by an 
^ake Cirdc, covent^ the Limb of the Metal lotmd about* 
but by an op^c arcle j^laccd between ibf Eye Clafi aod the 
Eye, and perforated in the middle with a little nmnd Hole 
for the to mA thmugh to the Eye. For tkie i 
^“**1 P ^ eironeotts 

which otherw jA would have ddhitbed rhe Vifoni. 
paonghr w«ti a pittey gpod Per^veoffottt 
K a 



lengths But Newton goes on to say 
that users could at least avoid the long, 
slender, and cumbersome tubes which 
this had made necessary by using Huy- 
gens’ new and really manageable 
mounting After finishing with Newton 
we shall return, in this antiquarian 
optical amble, to this new Huygens 
aerial mounting for which Newton puts 
in so strong a plug 

“I contrived a perspective,” Newton 
writes on the same page Old term for 
telescope 

The fraction on the same page, in 
tiny t 3 rpe even on the original, is 1/5 

While, as Newton states, he stopped 
his aperture to 1 1/3", this was not 
tlie full diameter of his bell-metal 
speculum, which was 2 1/16" Even 
then his focal ratio became //4 7, and 
it IS remarkable that this gave per- 
formance, especially on a sphere — if it 
really was a sphere in the lack of a 
test But rny amateur knows the 
tendency with a soft lap to work toward 


170J 

Itugih, nude wiib « cMiave Eye'GtxA, I ceuM reid *c a 
Ijtftcf diAince wnh my ©wn fftArumenc tfofo wnh rhe 
CjaA Y« appiarrd much darker m rt than tn the 

GlaA, and ihatpittfy McaUfe mort Light wai loA by re* 
Eexuifi in the Mtcal, thm by refraiftion in the GlaA, and 
panly becauA my InAfomenc vvar overcharged, Had it 
magnified but |oor irciteet ifwould have madcche Object 
4|Mr more bmk and pleafam Two of thelelmadc about 
1 0 Year* ago, and have one of them Aiil by me by whith 
I can prove the truth of what I write Yet it » not fo good 
a$ at tbehrA For the cona\< hai been diveu tim« rar* 
mlhed and cleared again, by nibbing it w ith very lofi Lea- 
ther, When f made thek, an ArtiA m Imiw undertook 
to ifflitace k j but ufiiw another way of poliflung rhem 
diin I did, he All much fliort of what I bad attained to, 
aa f aAerwards wnderAood by difcouifiiig the undcr-Work- 
mao licbad imployed The Polifli 1 iifed war on thuman- 
nw I ha4 two round Copper Plates each fix Inches m 
Diametcf, the one convex me other concave, gt ound s e« 
ry true to one another On the convex I ground the Ob- 
jC^Metal or concave which was to be polifo'd, till u had 
wen the Rgurc of the convex and was ready for a Pohlh 
Then | pitched over the convex very thudy, by droppme 
melted Dii^ upon it md warming a lo keep the pitch 
loH, whilft I ground it with the concave Copper w erred to 
mikcit r^ad evenly alliveer rhe convex Thu* by work- 
lOg It wen I tpade u as thin as a Groat, ard after tne con- 
vex WM cold I ground it again to ctve if as true a Figure v 
1 could Th« 1 took Potty wluch I hid made very hne 
y Paiticlw, and laying a m- 

« 01 this upon rhe puch, I ground n upon the Pitch with 
W doncave Cop^ iiU k Had done making a nolle t and 
upon the Pwchigroimd the Objeit-MctaJ witha bmk 

Mouon 


the hyperboloid, and maybe Newton 
luckily landed squarely on the parabo- 
loid without knowing it He did know 
a paraboloid was needed, but neither 
he nor anyone else knew how to 
figure one 

The bottom Ime on page 75 refers to 
a refractor, obviously a Galilean type 
Page 76, line 6, mentions “over- 
charged ” Empty magnification Be- 
ginners still cry for it 
Line 8, “two of these” Of the two 
telescopes only the second, too often 
mislabeled the “first,” survives It is at 


the headquarters of the Royal Society 
of London, where your scribe once 
was permitted to examme it The treas- 
ure was perched atop a (cabinet at eye 
level, entirely in the open but in 
private office quarters The accom- 
panying photograph was obtained at 
that time 

The competent workmanship clearly 
proves that Newton was himself a good 
amateur telescope maker and mechamc, 
and there is record that he bought a 
lathe while at Cambridge University 
On that lathe and with his own hands 
he must have turned up the wooden 
base, the cup and ball mounting so 
simple and ingenious, and the eyepiece 
shell 

Newton made these two reflectors re- 
spectively m 1668 and 1671 and, since 
they were approximately alike, the 
question whether the one that sur- 
vives IS the first or the second is, after 
all, of lesser moment He and others 
in 1674 communicated several items 
concerning them to the Royal Society 


[77] 

Moclou, for xbout cmo or thrtr Minucci of time, leAiiinE 
bM upoft It, Then I put frefli furty upon the 
groudfl It agaA nil it toa done mxkuvg x noiA, xna xAcsi 
wirtU groutwi tbf Obied Metd upon it befow. A«4 
this Vork I itp^ucd nil the Meul wxi polifluitl, 
le tbe kA tiflfie with all mj ftrenff h for t Mod while to«M 
thef, and fk^iently bteathlng upMihe P)Wb ^*‘**tJ*ji 
moiA withobr U> Ire on any more nefo Putty. Tiie 
jei^Metal was two inches nroad anti about one third paijll 
of an loeh thielH to kceoir Aocn henthn^ I had two of 
thefo Metak, and when I had poUfoed mm boch I tnod' 
which was and grottnd the othor agam to fit if 

make h better iW that which ( And thus by totoy 
Tnxb I feamt^’chc way of poliQung, ti^ t made thofi two 
tefiedling Fefotdives f ^ake of above. For thil* AtL 
jpolifoing wilTbe httitr fianvt by itMawd Pradice tfoui to 
n» ikfirtj^ofv Before Ifwm the OI»|eik hfctd^oii 
Idwaya ttmdd the Pdeey on it the eoooiv 

tiU K lu4 done toifi, beOuftA the flirt ' 

the Potty were not by tlik meant ma^ 
fifom the PneK mey would to Tolling w and dowAtoie 
dtc duedl Merat and nil ic fou or tittle holttr ^ 

t ^Trough its periodical (still bemg pub- 
ll‘^hed) the Philosophical Transactions 
lie did not wnte his book, “Opticks,” 
until about 1687 and then delayed its 
publication until 1704 

There are replicas of Newton’s tele- 
scope in the planetariums in Philadel- 
phia and Chicago and in the Buffalo 
Museum of Science As a pure sporting 
proposition, any modern amateur who 
makes a copy of Newton’s telescope 
might at least consider the whim of 
foiegoing those advantages which New- 
ton could not enjoy, which would prove 
to be more than at first appears, and 
afterward ascertaining whether his 
work would pass the test to which 
Newton put his telescope “I found,” 
he writes, “that I could read in the 
Philosophical Transactions, placed in 
the Sun’s light, at an hundred foot 
distance, and that at one hundred and 
twenty foot distance I could discern 
some of the words 

Page 76, “as thin as a groat ” Your 
scribe caught up with a Henry VIII 
groat at the Scott Stamp and Com Co 
and, though not much worn, it was 
very much thinner than a badly worn 
d me 

“Putty” IS tin oxide 


R eturning now to the old long-focus, 
one-lens Kepler refractors, typical 
examples of its kind are 3" lens, 30' 
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COMPLETE HIQH-ORADE KITS 
OUR SPECIALTY 


Each kit has two glass discs 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur- 
face), instructions, FREE 
ALUMINIZED DIAGON- 
AL, etc. 


MIRRORS, made to order 

(Pyr«x, ^4 00) 

(Pyr«x, 5 90) 

(Pyrax, 8 00) 

(Pyrax, 19 00) 
(Pyrex, 29 00) 

PRISMS VA" $3.75, IVa" $4,50 

ALUMINIZING 

A hsrdar and bnghtar aluminum casting that is 
uniform and produces a lasting and superior re 
Recdng surface Guaranteed not to peel or blister 

8" $2.50 

8“ $3.50 

10" $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments 
Write lor FREE ILLUSTRATED CATAICXjUB 

THE PRECISION OPTICAL CO. 

1001 East 183rd $trest 
New York 59, N. Y. 


RKFLECTINQ TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIC PYREX MIRRORS Made to Order 
correctly figured pollahed and parabollred Precise 
workmanahlp guaianteed Prices on request 
W1 DO POLISHING PARABOLIZING AND 
ALUMINIZING 

Bend for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 

Q.P.O. Box 207, Now York, N. Y. 


ALUMINIZED 

SURFACE HARDENED CDATINOS 

Get the BEST No change in prices 

PRECISION PLUS 

ALUMINIZED DIAGONALS RectenauUr 
pitch polished fiets, suitable for 4" short focus 
end 6'' and 8" long focus scopes lYn ' x 

Price, Ret to Vi wavelength ^2 90 ea , flat 
to Va wavelength ^3 90 ea flat to 1/10 wava 
length ^9 00 ca 

LEROY M. E. GLAUSINQ 

lliKsIn Av, Chlmga 25, III 


TELESCOPE 


MAKERS 


Quality materials of the RIGHT kind 
6" Kit — - Qlaas abrasives pitch rouge and 
instruments $5 00 

LENS QRINDEIRS pitch abrasives $5 00 
HOBBYGRAFS—INFORMATION— INSPECTION 
We offer you the benefit of our 26 years of 
experience at this hobby Free price list 
John M Pierce 11 Harvard St Springfield Vt 
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\ Popular Illustrated 
Astronomical Monthly 

For amateur astronomers •— new star 
charts. Gleanings for telascope makers, 
page for observers, and celestial photos 
il2 90 a yaar, domcsuci 00 in Canada. 
Single copy, 29 eents 

SAMPLE COPY ON REQUEST 

SKY PUBLISHING OORPORATION 

Herverd Observatory, Camhndge 38 Mass 


fl (//120), lens, 100' fl (//219), 
7%" lens, 200' fl (//258) 'The long, 
slender, floppy, shimmying tubes were 
skeletonized and braced laterally by 
spreaders and hung on multiple bridles 
from tall poles, but m his new aerial 
mounting Huygens substituted for all 
this cumbersome gear one single simple 
silken cord of seven-pound strength 
(finest modem bait casting Ime nine 
pounds test — Abercrombie and Fitch) 
This line alone linked together and 
controlled the objective in a delicately 
counterpoised cell on a ball-and-socket 
pivot, and the eyepiece 
Details show in the accompanying il- 
lustration from Smith’s "Compleat Sys- 
tem of Opticks" (1738) A little crook 
in the tail of the cell stick offsets the 
angle of sag (sketch 614) of the line 
Sketch 615 shows the large eyepiece 
on a stick, the Ime and its guide, also 
the violin peg adji^tment for fl (The 
scissors-like part is a variable rhombus 
attachment on a rest, by which a star, 
once ^ound, could be neld long enough 
to enable an inexperienced observer to 
get to the eyepiece ) Sketch 616 is a Mr 
de la Hire’s lens cell control 
The whole, after study, ceases to 
seem ludicrous 

S OME years ago, In the Proceedings 
of the Royal Society of Edinburgh^ 
the astronomer Sampson and the 
famous profe^or of optical design 
Conrady, with R Westlake, today pro- 
fessor at the University of Rochester 
and lens designer for Eastman Kodak, 
examined, tested, and described three 
of these old one-lens, long-focus ob- 
jectives preserved at the Royal Society 
of London Oni8 Was a 7%" of 122' fl, 
diamond-signed }?y Huygens in 1686, 
together with the Original apparatus 
for adjustment of his aerial telescopes, 



Made by I Newton, amoteur 


including eyepiece of 2 y 4 " aperture and 
6" fl The second was an 8%" of 170' 
f 1 , signed by Huygens 26 June 1686 
and later owned by Newton The third 
was a 9M}" of 210' f 1 
These examiners reported “In com- 
parison with even the cheapest of mod- 
em window or bottle glass, that in 
Huygens’ lenses is extremely bad Be- 
sides numerous bubbles and small 


stones and frequent black particles of 
considerable size the entire disks 
are simply one tangle of innumerable 
mostly fine veins which would render 
really regular refractive effects quite 
impossible’* The refractive index for 
the 170' was 1 53, for the 210', 1 58, cor- 
respondmg to modern plate. 

The piano side of the 210' was found 
to be “amazingly close to flat ” Center- 
ing was precise within 0 0016" and 
0 0056", yet Huygens centered by mik- 
ing lens edges with a hand vise 

The two authors add “'There is a 
widely current misapprehension in the 



From Smith Oompleet System of Optloks” 173t 

Huygens' aerial telescope 


matter of achromation in relation to 
these early systems If the ocular is 
also a single lens and made of glass 
of the same dispersion, then for the 
combination, focused to infimty, the 
angular magnification is measured by 
the ratio of the focal lengths, and from 
this ratio the refractive index of the 
glass eliminates itself and leaves a 
function of the curves alone Hence 
the image would be achromatic The 
case IS not so simple as this because 
the combination cannot be focused to 
infinity simultaneously for different 
colors, but a good approximation to it 
may be reached by focusing m the 
orange-yellow We conclude,” say 
Sampson and Conrady, “that the chro- 
matic faults of these combinations were 
less noxious than is generally be- 
lieved ” 

Suppose a Kepler-Huygens aerial 
telescope were today or post-war made 
and set up beside a Newtonian of com- 
parable aperture as a demonstration, 
what widespread attention it would at- 
tract’ Utility, low Scientific demonstra- 
tion value, interesting, somewhat in- 
structive Such stunts should, however, 
be done for the fun of it — justification 
enough 

A few possibilities, from a table of 
Huygens’ standards, are a 5 48" of 100' 
f 1 , hoisted up and down on a 75' pole, 
eyepiece 6 03" fl Or a 3 87" of 50' fl , 
with 4 26" eyepiece and a 40' pole 

Specific directions for ordering from 
large libraries photostats of the New- 
ton, Smith, and Sampson-Conrady 
writings, givmg working data, are 
available from this department 
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I NDUSTRY IS working at top capacity to meet the 
needs of our gigantic industrial program Trained 
mechanics and technicians are in urgent demand. 

And in the best of these jobs, the jobs which offer 
the highest pay and the greatest assurance of steady 
employment, a knowledge of mathematics is required — 
because mathematics is the foundation of all technical 
work. Give yourself this basic preparation now by this 
quick, inexpensive home-study method. 







MATHEMATICS for Self Study 

by J. E. Thompson. B. S. In E. E.. A. M.. Dept, of Mathematics. Pratt Institute 


(coBf/iiUBff from pppoik^ pag^) 

to solve problems which are involved m all business and 
industrial work relating to machines, engines, boats, autos, 
planes, etc. Logarithms and slide rule, and many other 
practical applications. 

OfOMITRYx States clearly all needed facts about plane hgures, 
circles, polygons, etc. Covers all the topics essential in drafting 
and engineering. Deals with angles, triangles, circles, and the 
many other geometric figures that are basic to engineering 
design. Sheet-metal work, so important in airplane construc- 
tion, IS a direct application of these prmciples 

TRIGONOMETIIYt This volume makes easy the principles of 
angles and trian^es, shows you how to use tables that explain 
their functions. Practically every problem in machine work, 
land surveying mechanics, astronomy and navigation is solved 
by methods of trigonometry. These methods are explained 
limply, with actual examples of calculations of height and 
distance as applied to meteorology, the determination of the 
position of a ship at sea, the construction of buildings, 
bridges, and dams, the cutting of gears, etc., etc All necessary 
tables for making these computations are furnished 

CALCULUS. You will enjoy mastering calculus in this interesting 
new way and will find it will enable you to solve problems 
that can be solved in no other way This branch of mathe- 
matics deals with rate problems. It is essential in computation 
involving objects moving with varying rates of speed It also 


fxamine These Books for 10 Days FREE! 

Sand no money now. The coupon ol the right brings you tho S books 
for 10 doys’ triol After 10 doys, I# not completely sotlsllod, return 
Ihe books to us without obligotlon. If you keep them, send us tho 
tmoll down poymont of $2 95, bpionco in throe monthly poymonts. 
Moil tho coupon todoy. D Von Nostrond Compony, Inc., Publishers, 
250 Fourth Ave., New York 3, N Y. 


enables us to find the most efficient design for any kind of 
mechanism, engine, or moving vehicle Typical problems in- 
cluded in this book are the calculations of the length of paper, 
cloth or belting in a roll, time and swing of a pendulum, rise 
and fall of electric current in a coil, the work done by 
expanding gas or steam. 


These ore but o few of tho hundreds of procticcd subiects simplified 
end clearly explolned for you In this complete home study course 
In mathematics. 


MAIL THIS COUPON 

D. Van Nostrand Company^ Inc. 

250 Fourth AvOm Now York 3, N. Y. 

Send me MATHEMATICS FOR SELF STUDY in 5 volumes. 
Within 10 days I will either return the books or send you 
$2 95 os first payment, and $2 00 a month for throe 
months until the total price of $8 95, plus o few cents 
postage is paid 

(If you send remittance of $8 9S with this coupon, wo 
will pay tho postogo. Some return privilege, refund 
guorontood ) 


Addreif . 


.Zone No Sfofe. 

(if you know it) 


Reference . 


Address • 


□ For FREE CATALOG of best books oi procflcol 
instruction end technicol infermotlort, check here. 

SA.10-45 


OCTOBER 1945 


SCIENTIFIC AMERICAN 


193 



"JO-BLOCKS” 
GUARD THOUSANDS 
OF FAMOUS 
PRODUCT- 
REPUTATIONS 


A list ot manufacturers using 
genuine Ford Johansson Gage 
Blocks would include a high 
percentage of industrial leaders. 
And it would include, you may 
be certain, many who will join 
the ranks of leadership 
tomorrow* 

For the use of measurement 
standards of Jo-Block accuracy 
(4 or 8 millionths of an inch, 
plus or minus) is a pretty sure 
indication of determined intent 
to build a reputation for prod- 
uct-excellence. Order a master 
set of Jo-Blocks and Accessories 
for your plant or shop, and 
encourage your men to acquire 
working sets for their own kits. 

Because we have seen the 
“magic” which Jo-Blocks can 
work, in fostering honest pride 
of product, we predict you will 
be very glad you made the 
moderate investment. Write for 
new catalog No. 17. Address — 
FORD MOTOR COMPANY, 
Johansson Division, Dept. 141, 
Dearborn, Michigan. 
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GAGE 

BLOCKS 
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Why one husband kissed his wife four times! 



for the money 
you’re savinff while it’s coming 
in faster through the war years I 
know in my bones jobs like mine 
may not last forever Who can tell 
what’s going to happen day-after- 
tomorrow*^ Thank God you’ve got 
sense enough to see that today’s 
the time to get a little money 
tucked away 



for the War 
Bonds you’re making me hold on to^ 
I’d never do it without you, honey, 
it’s too easy to find reasons for cash- 
ing ’em in— but when it comes time 
to put the childrei^ through school 
or pay for an emergency operation, 
we’ll be thankful 




^ for the insurance 

you talked me into buying I’ve felt 
a lot easier ever since I’ve known 
our future is protected— you and the 
kids would be safe if anything hap- 
pened to me— you and I won’t have 
to spend our old age living on some- 
one’s charity And every cent we put 
in insurance or War Bonds or other 
savings helps keep prices down. 



A for being you— a 

woman with brains enough in your 
pretty head to make sure we don’t 
buy a smgle thmg we don*t need in 
times like these — because you know 
a crazy wave of spending in wartime 
would march America straight into 
inflation Baby, I sure knew how to 
pick ’em the day I married you! 


ONI FnSON CAN START ITI 
You give InRotloii o boost 

— when you buy anything you can 
do without I 

— when you buy above ceilmg or 
without giving up stamps (Black 
Market!) 1 1 

—when you ask more money for i 

your services or the goods you sell 

SAVI TOUR MONmr. Buy and ai0Bp 

hold all the War Bonds you m m mm 
can afford — to pay for the ^yPSp 
war and protect your fSMMP 

own future Keepup 
your insurance, 


A States War mawias* prapared by tha War Advertialne Coonall: appravad by tha 0«ea of War Intonaatlaai and aontrlbotad by thia BMcaalBa In aooparatiaa with tha 

llaaraalna PoMiabaia of Amariea 
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Previews of the Industrial Horizon 


TRANSOCEANIC 

K^ore than one shipping man believes, and with excellent 
justification, that the days of huge, fast, transatlantic liner*: 
are past These luxury ships, never wise investments from 
a financial standpomt, served their greatest purpose in 
building up the national prestige of the country of origin 
and m inflating the ego of some of the passengers To a 
certain extent they were valuable means of transportation 
for a few to whom time really meant money, but for those 
few the airplane now offers even greater time savings and 
with a high factor of safety 
This IS not to say that the airplane is going to supersede 
the steamer for transocean travel As Dr Klemm points 
out m the article starting on page 228, airlines offer many de- 
sirable features but there will be vast numbers of travelers 
who will prefer the slower, more leisurely pace of the 
surface ship whether pleasure or business bound And those 
ship operators who provide average-size vessels, of moder- 
ate speed and with comfortable accommodations, are going 
to carry the great bulk of transocean traffic for a long time 
to come 


SKY-HOOK TELEVISION 

HAT SEEMS, at first glance, to be a brain-child of a wild- 
eyed dreamer is the recent proposal to put television tians- 
mitting equipment in airplanes, send the planes to an 
altitude of six miles, and broadcast television programs 
from that vantage point where the electrical limitations of 
ultra short-wave transmission almost vanish But the pro- 
posal has the backing of Westinghouse and The Glenn L 
Martin Company and therefore merits more than passing 
attention 

Aircraft reliability has been proved To keep a fleet of 
planes in the air 24 hours a day, day in and day out, can 
easily be done by providing “spates” and operating the ships 
on an eight-hour schedule with one broadcasting and one 
stand-by plane m the air at each station at all times 

Not only would the six-mile altitude of the transmitters 
extend the Ime-of-sight range of ultra short waves to over 
400 miles, but the power required to cover that range would 
be relatively small Thus, with only eight “Stratovision” 
stations m operation, a coast-to-coast network could be 
established that would require about 100 ground relay sta- 
tions to provide comparable service The television programs 
would be beamed to the planes from low-power ground 
stations 

Airplanes are expensive to build and maintain, so are 
short-wave radio relay stations or co-axial cable systems 
In Stratovision a number of television and FM programs 
would be broadcast simultaneously from each airplane 
When the technical possibilities of airplane versus ground 
television networks are considered and the comparative 
costs are carefully balanced, it appears that the “brain-child 
of a wild-eyed dreamer” is actually a view of the not far 
distant future as seen by a group of realistic engineers 


PACKAGED POWER PLANTS 

Complete steam plants, assembled at the factory, tested, 
and shipped ready for operation as soon as fuel, electric, 
and water connections are made, promise to furnish com- 
petition to Diesel and gas turbine plants in the future These 
steam plants, far more compact than conventional umts of 
the same capacity, depend for their efficiency on a baby 
boiler of the flash type employing forced circulation of feed 
water. By coiling the boiler tubing into a compact pancake 
shape, the hot gases from the fuel reach all parts of the tub- 
ing jsimultaneously, the result is rapid steam production at 
high pressures and at, high efficiencies The tubes used are 
relatively small m size but the reduction in water capacity^> 


P* P^ck 


is made up for by the use of circulatmg pumps The steam 
goes directly from the boiler to the turbme, so that no steam 
storage is necessary 

Such small steam generating plants have wide possible ap- 
plications Because they are made in sections, they can be 
tailored exactly to fit any need The sections give the added 
advantage of rapid repair in case of failure, the damaged 
section IS merely cut off and fixed while the remamder of 
the plant remains in operation Chemical plants, laundries, 
food processing plants, yachts, and so on, will be potential 
markets for these plants 


ELECTRICITY ON THE FARM 

E LECTRIUCATION of America’s farms interests many people 
The farmers themselves, the manufacturers of farm equip- 
ment, electrical power companies, and a number of allied 
industries all have a stake in it Simply stated, more power 
on the farm means more efficient production of farm com- 
modities and hence more farm mcome And when the farmer 
prospers, so prospers the nation 
From published reports it appears that farms in Cali- 
fornia will be practically 100 percent electrified within the 
next three years. New Jersey and Rhode Island will run 
almost neck and neck, but many other states will still be 
fai behmd Texas, as of now, has less than one third of its 
farms electrified, as do also several of the mid-western states 
From this it can be seen that there is a wide-open rural 
market for power and power-using equipment 
Diesels are going to make a strong bid for much of this 
market, and it is still a question as to whether these prime 
movers or the power companies will get there first One 
available set of figures luns like this Duiing 1944 the pro- 
duction of Diesel power for the American merchant marine 
alone totalled 136,850 brake horsepower Just this one phase 
of the Diesel engine industry thus produced facilities suf- 
ficient to furnish electric power to more than 3 percent of the 
total number of American farms now lacking that powei 


FOR FUTURE REFERENCE 

Concrete to which has been added a lignin product made 
from paper-rmll waste is reported to be stronger, less 
porous, and to last longer than when made from conven- 
tional ingredients Watch for a tremendous mcrease in 
the number and variety of coin-in-the-slot machines vend- 
ing every thmg from bread, stockings, and fresh orange juice 
to sizzling “hot dogs”, watch out also for rackets connected 
with these machines Containing no petroleum, a new 
synthetic lubricant is reported to have unusual stability at 
high and low temperatures, it will be high m cost but for 
many uses will have overbalancing advantages “Pro- 
tective coatings,” all-inclusive name for pamts, varnishes, 
and lacquers, are taking into the fold many of the newer 
resins and will soon offer outstandmg protection under most 
adverse conditions of exposure Styrene, wonder-child 
of chemical industry and ingredient of synthetic rubbers 
for many uses, can be the base of foamed insulating ma- 
terial, high-quahty varnishes, plastics of various types, wa- 
ter-emulsion paints, water-proofing compounds, and many 
other mdustrially important substances Midget tractors, 
from 10 horsepower up, selling for around $500, will shortly 
appear literally in droves from a number of manufacturers, 
offenng the farmer versatile equipment for lightening his 
. labors No atomic bomb or power story on this page, it’s 
-.on page 238 
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Outwitting 
the weather 


How science copes with Old Man Weather is 
illustrated by these ideas and devices from 
General Electric laboratones 
How high are the clouds'^ A ceilometer measures 
this for airmen How wet is the weather‘d Hay can 
now be stored in barns before it is dry, with a new 
hay-drymg system with G-E control And one G-E 
laboratory makes weather —with or without ram, 
wind, sleet, snow— to test G-E turbo-superchargers 
On this page are a few more examples of the way 
General Electric research and engineering are bemg 
devoted to this phase of human comfort and health. 
General Electric Company^ Schenectady^ N Y 





Cucumber magic* Vines m elec- 
trically heated soil (right) grew 
twice as tall, and bore one 
month earher A heating cable, 
developed by G-E engineers, is 
huned in the soil and ther- 
mostatically controlled More 
than 15,000 commercial grow- 
ers use G-E Boil-heating cable 


Spring waothar* Cool, moun 
tain- top comfort in your bed- 
room, or anywhere elro m your 
house, will be provided by G-E 
air conditioning units Nor have 
G-E engineers forgotten winter 
problems, they have applied 
G-E research and engineering 
to home heating systems, too 



Waothar datactiva goes aloft in the small box suspended from 
the balloon Some 1 2 miles up the balloon bursts, and the box is 
parachuted back to earth On the way up, this electronic device, 
called the G-E Stratometer, gives a running commentary on the 
weather— temperature, humidity, air pressure— and sends this in- 
formation back to earth by radio signals The information gath- 
ered by the G-K Stratometer can be used to help predict weather 


i/< ar the G-K radio programn The G-E All-girl Orthestray Sunday 10 p m 
EWTy NBC — The World Today news, Monday through Friday 6 45 p m 
EWTy CBS — The G-E House Party y Monday through Friday 4 00 p m 
EWTy CBS 

FOR VICTORY— iUY AND HOLD WAR RONDS 


GENERAL m ELECTRIC 
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50 Years Ago in . . . 



(Condensed from Issues of October, 1895) 


''BROOKLYN" — "In the building up of our new navy, the 
United States government have reaped much benefit from 
the fact that they were a little late in starting. While other 
nations have expended large appropriations on ships that 
were largely in the nature of experiments, we have been 
in the position of the critical onlooker, and the costly fail- 



ures of other naval boards have been valuable object lessons 
to our own as to what to avoid The outcome of this ob- 
servation is seen in a class of ships which, while they em* 
body the best features of European practice, are yet marked 
by the strong originality which ever characterizes American 
design The Brooklyn is spoken of as a sister ship to the 
New York , She should be more properly called an en- 
larged and improved New York, bemg 14 feet longer and 
of 1,000 tons more displacement" 

LOCOMOTIVES — "Is the electric locomotive to supersede the 
steam locomotive as the future tractive power on our rail- 
roads? . . Unless a system of stationary boilers and engines 
can be produced that will furnish the electric locomotive 
with its power for one-half the coal consumption that is 
necessary for the generation of the same power in the steam 
locomotive, we may rest assured that George Stephenson's 
invention will remain among us for years to come as the 
greatest triumph of the modem mechanical world” 

OPTICAL WORKS — "Some idea of the magmtude of the Carl 
Zeiss Works may be gathered from the fact that it requires 
three hours to pass through the various wings and depart- 
ments, without leaving much leisure for inspection of de- 
tails Upward of 500 workpeople are employed, a curious 
feature being that there is no difficulty in obtaining skilled 
workers in metals, but the optical hands have to be trained 
within the works from boyhood ” 

INVENTION — "Young men of an inventive turn of mind 
should be constantly on the alert, observant in everythmg. 
Note where a saving of time or material can be effected 
by improved methods If you cannot make two blades of 
grass grow In the place of one, invent some method to do 
certain things quicker and better than by present methods 
Time is money, and any method by which time is saved has 
a commercial value If the operation is performed better 
and quicker, the commercial value of the method or 
means enhances accordingly The simplest inventions are 


of the most value, comparatively. A recent report from the 
Patent Office states that the majority of successful patents 
were for articles that retailed for one dollar or less.” 

VENTILATION — "Although the summer of 1B95 has now de- 
parted, the ever-present and perplexing question of the 
ventilation of passenger cars is still here. It is true that the 
question of ventilation will soon assume a different phase, 
will become a question of how to get warmth mto a car 
instead of how to get it out, but the troubles of the day car 
passenger in summer are very real, and will recur again 
next summer as surely as the world rolls round” 

PASTEUR — "If the measure of human greatness is to be 
found in the amount of blessedness that a man’s life and 
work bring to his fellowmen, there has lately passed from 
our midst one of the greatest of all great men The moral 
philosophers tell us that the pursuit of pleasure and the 
avoidance of pain are chief among the natural mstincts of 
man If this be so, Pasteur has done more to ameliorate the 
condition of the race than any one man, living or dead ” 

HYDRAULIC POWER "In the course of a paper read at the 
recent summer meetmg of the Institution of Mechanical 
Blngineers, at Glasgow, the author, Mr £ B Ellmgton, gave 
some very significant figures regardmg the cost of running 
the London Hydraulic Power Supply This is by far the 
largest municipal supply in the country It includes 75 miles 
of mains, carrying a pressure of 750 pounds to the square 
inch, which deliver 9,500,000 gallons of water at this pres- 
sure per week This serves to operate 2,300 machmes This 
plant has now been in operation for twelve years, and it 
yields an annual revenue of $250,000” 

NEWS BY TELEPHONE — "The telephone newspaper organ- 
ised at Pesth, Hungary, has now been working successfully 
for two years It has 6,000 subscribers, who receive the 
news as they would ordinary telephone messages A special 
wire 168 miles long runs along the wmdows of the houses 
%of subscribers, which are connected with the main line by 
separate wires and special apparatus which prevents the 
blocking of the system by an accident at one of the stations 
Within the houses long, flexible wires make it possible to 
carry the receiver to the bed or any other part of the room 
^ To fill up the time when no news is coming m, the sub- 
*"scribers are entertained with vocal and instrumental con- 
certs ” 

RECLAIM — "The business of gathering waste rubber is 
chiefly confined, so far, to cast-off foot-wear The methods 
of reclaiming rubber were first applied to scrap of this 
class, and the organized channels through Which 18,000 tons 
of scrap annually trickle from the hands of country peddlers 
into larger streams, until the rubber reclaiming factories 
receive it in carload lots, have all been planned for the 
collection of old shoes” 

NIAGARA — "The Niagara Falls Hydraulic Power and Lift- 
ing Company have recently contracted with James Leffel 
& Company, of Springfield, Ohio, for four of their Improved 
double discharge water wheels, to be of eight thousand 
horse power capacity, under a maximum head pressure of 
218 feet, which is far the highest head imder which turbines 
of large capacity have ever been applied m this country or 
elsewhere These wheels will drive eight electrical genera- 
tors, which will be connected direct to the turbine shafts, 
without gears or beltmg ” 

DUST EXPLOSIONS — "Flour, coal dust, and other fine or- 
ganic dust, explode when certain outside causes are pres- 
ent Professor Tobin demonstrated before the Kentucky 
Millers’ Association this fact, and further showed that damp- 
ness destroyed the explosive tendency Live steam was 
recommended as a preventive, by damping the air of the 
mill The same would apply to the air in a woodworking 
factory, where it is full of dry dust” 

PARIS GREEN — "It is estimated that more than two thou- 
sand tons of Paris green are annually used as an insecticide 
in the United States, since it is the most rapid and effective 
of the arsenical preparations used for this purpose” 
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VICTORY REVEALS A MYSTERY 


More than two years ago, an engineer of the 
Laboratories visited U S S Boise, returned with 
a mysterious box which went into the Labora- 
tories’ vault Now, victory opens the box and 
discloses a special kind of electron tube called 
a magnetron It was part of a Radar which fur- 
nished data to aim U S S Boise's guns during 
the night action off Savo Island on October 
11-12, 1942 Because of the high frequency gen- 
erated by this magnetron, the Radar was not 
detec’ted by the enemy and the action was a 
c'omplete surprise Six Japanese warships were 
sent to the bottom of the sea 

This magnetron is a symbol of the Laboratories’ 
enormous war program Half of it was devoted 


to Radar, the other half gave birth to radio 
transmitters and receivers, sonar apparatus for 
the Navy, loudspeaker systems for ships and 
beach-heads, fire-control apparatus for anti- 
aircraft artillery Coming months will unfold 
the story of these and many other contribu- 
tions of the Laboratories to the victory of our 
arms 

Bell Telephone Laboratories’ war work began 
before the war, until now, it claimed practically 
all our attention. With victory, we will go back 
to our regular job — helping to brmg you the 
world’s finest telephone service. 

lELL TILIPHONE LAIORATORIIS 



devising and pMf«ctln«, for continwod Imgravamanft and aconomlat In fakpliana torvlca. 
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Pride of the Navy in 1855 


• The U. S Frigate, Waha^h^ launched in 
1855 marked a revolution in naval 
development For the first time, steam 
was coupled with a screw propeller 

It IS significant that the very year that 
saw the launching of the Wabash, also 
saw the founding of Crane Co For in 
185 5,R 1 Crane opened his little foun- 
dry— forerunner of the plant that was 
later to provide so much of the essential 
piping that made the utilization of 
the new force of steam power possible 

It IS a far cry from the early full-rigged 
frigates to our present mighty Navy 
that has hurled an enemy back across 
thousands of miles of hostile waters 
and planted the Stars and Stripes on 
that enemy’s shores. 


We take pride in the part Crane 
valves and fittings have played in aid- 
ing our Navy to build faster ships, more 
powerful ships, to defend our country 
against aggression. 

We take pride, too, in the service 
Crane equipment has rendered industry 
during the past 90 years in meeting in- 
sistent demands for piping to stand 
ever increasing pressures and tempera- 
tures— to withstand the destructive 
forces of corrosion. 

The Crane line includes everything 
for every piping system CraneBranches 
and Wholesalers are within reach of 
every industrial plant in the country. 
CRANE CO , General Offices. 836 S. 
Michigan Avenue, Chicago 5, Illinois. 



Below decks any modern fight- 
ing ship IS a maze of pipe 
lines requiring valves and fit- 
tings by the thousands Serv- 
ing the Navy has always been 
considered a privilege by 
Crane Co , for the Navy's ex- 
acting demands are a tribute 
to Crane quality 


VALVES • FITTINGS • PIPE 


C R A N E 

■ % # % ■ ^ Lm plumbing • HEATING • PUMPS 

BRANCHES AND WHOLESALERS SERVING ALL INDUSTRIAL AREAS 
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From e Courier and Ives print ♦ 


The Clipper Ship Dreadnought^ of 1854 


America on the Sea 


After Finding that Wooden Ships and Sail Could 
Not Compete with Iron Ships and Steam^ Amen^ 

can Shipbuilding Progressed Slowly Until the HAKKY BOTStOKD 

~ n w , t , Editot ot Ships 

lurn of the Century Brought in the Practical 
Use of Fuel Oil and the Development of Better 

Engines* American's Background of Technical u ^ a i i 

® / sliucted on what is now Ameiican soil Eighty years 

Knowlege has Made it the Greatest Marine Power later settlers of the ill-famed Popham Colony of Maine 

in the World, but What W ill be Done, Pont War, Virginia, a ship of 30 tons buiden, which made 

.. „ recorded voyage across the Atlantic - 

With the Ships now in Iteiiifs or Being limit? Ameiicans became a nation of shipbuilders because 

ships weie the majoi form of ti ansportation in an era 
when few loads oi trails existed Colonial expansion 
followed a veiy definite and explicit pattern because 

F rom earliest Colonial days to the piesent, American the growth of the colonies was at fiist confined exclu- 
shipbuildeis have been pioneers, rather than being sively to coastal areas From the coast; the migiation 
content to follow traditional practices As eaily as 'was inland, up the great rivers Trading and com- 
1527, shipwrecked explorers, led by Luis Vasquez munication between various points was made possible 
D’AUyon, built a vessel on the banks of the Cape Fear by a large vaiiety of specialized local craft, built to fill 
River, not far from the site of one of the busiest present- -special and ui gent needs as to size draft, and type of 
day shipyards This was probably the first ship con-> seivice in which the ship was to be used This naturally 
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was responsible for a large number of small but busy 
cocustal shipyards, manned by men who were real crafts* 
men, highly skilled m the use of shipbuilding tools 

Out of these yards came vessels that gave this nation 
maritime prestige and stature m a world that was a 
trifle skeptical as to whether the New World was im- 
portant 

From Colonial days until 1845, our ships played an 
important part m the economic growth of the nation and 
in Its defense when forced to flght two major wars with 


oil well was drilled in Pennsylvania, giving the world 
a cheap lubricant and illummant The declme of the 
whaling mdustry was rapid from this time on. 

Packet hnes to Europe excited the admiration and 
envy of other nations; American marmers were ven- 
turesome, courageous, and intelligent. 

The clipper type ship was bom of necessity By 1848, 
the demand for such fast sailmg ships had reached a 
new peak The discovery of gold m California created 
an active and urgent demand for fast passenger and 



a great and aggressive enemy to establish the right of 
all peace-loving nations to share the sea commerce 
of the world 

In the mterim, so many wooden ships were built in 
the United States that fine forests were partially de- 
nuded in the coastal areas However, American ships of 
sail were known and respected throughout the world 
They were fast, able to weather storms, to carry what 
IS today known as a “pay load “ They were manned by 
men to whom the sea was an honorable career and 
a profitable one 

American whalers were specialized ships, the best of 
their kind There were hundreds of them They were 
to prosper until 1859, when the world’s first artesian 


cargo ships to ply between the East and West coasts. 
Rates were high and ship owners prospered. 

Before this time, however, a curious and expensive 
error had been made The rest of the maritime nations, 
mcludmg England, were startmg to build iron ships, 
powered with steam True, America had built a few such 
ships, but they were largely looked upon as mechanical 
innovations, ingenious toys that were interestmg, but 
probably not profitable nor practicable to operate The 
vast but shrmking timber resources of the United 
States were weighed, together with the thousands of 
men tramed in the art and science of building superla- 
tive wooden ships of sail — ^and the canny New England 
ship operators viewed the cost of boiler fuel as against 
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From Soientlfle Amtrloftil, 1867 

The steam ram and batterj Dunderberg^ built in America for the French government 


free wind The lesult was a solid front against doing 
anything toward the adoption of steam and iron ships 

Americans climg stubbornly to sail, pinning their 
faith on fast clipper ships It was an \mwise decision 
Slowly but inexorably, Britain and other steamship- 
minded nations started to take the maritime busmess 
away from the United States Ship operators discovered, 
to their horroi, that a ton of steam was equal to three 
tons of sail American maritime mdustry could not 
compete with iron and steam It was not Assimiliar to 
trying to use draft hoises to compete with a motor, 
truck 

STEAM RECOGNIZED—By 1840, reluctantly and be- 
latedly, the value of iron ship construction and steam 
propulsion was recognized by some in the United States. 
Shipyards workers did not relish the change A man 
trained in the use of woodcutting tools looked with scorn 
on iron as a basic ship material He was forced, however, 
to lay aside the adz, broadaxe, plane, and other wood- 
working tools for the sledge, the forge, the wrench It 
was not an easy transition, and progress was pitifully 
slow 

Several shipyards were forced to have parts of small 
iron ships fabricated in England and brought to this 
coimtry, where they were Joined together Naturally, 
this was an expensive process It was one that was 
limited and restricted to small craft for coastal purposes 

It was not until 1843-44 that America leally became 
a factor in the construction of iron steamers Harlan & 
Hollingsworth, a Wilmington, Delaware shipbuilding 
concern, were the pioneers They constructed the 
Bangor, the first iron sea-going steamer built in this 
country The stem and forefoot were of advanced 
design The ship was of 231 tons burden, 120 feet be- 
tween perpendiculars, with decks 131 feet in length 

The power plant consisted of mdependent engines 
one for each of two propellers The cylinders were 22 
inches in diameter with a 24-inch stroke The propel- 
lers were of the Topes type, 8 Vi feet in diameter The 
boilers were in the hold, 20 feet long, of the drop-flue 
type 

Commissioned m 1844, the trial trip was made from 
Wilmington to Cape May, to Philadelphia, and return 
About 150 passengers were aboard The ship performed 
well, but the engines proved to be rather inefficient 
However, it was not necessary to resort to sails The 
Bangor carried three wooden masts, schooner-rigged 


Caution dictated their installation, for steam was still 
something of an experiment, and the owners were 
taking no chances 

In a measure the trial run was satisfactoiy At no 
time did the boilers carry moie than 46 pounds of 
pressure The average speed was 10 61 miles per hour 
The Bangor went immediately mto coastal service, but 
burned and was beached withm the year She was sal- 
vaged and reconstructed, and for four years operated 
profitably on the East coast, between Maine and Texas 
After that, there is no record as to what happened to 
the Bangor, the first American iron steamer 

The first dramatic years of the Civil War marked a 
sharp drop in Ameiican merchant tonnage, due to 
sinkings It likewise marked the advent of the blockade 
runners of the South, fast vessels that were competently 
handled and often managed to elude Federal gun- 
boats and take precious cargoes of cotton to England. 

During the war period, however, there was little if 
any advance in merchant ship construction On the 
other hand, American naval design did make one highly 
important advance, one so radical that two newly de- 
signed warships figuratively sank every wooden navy 
in the world. 

The Monitor, designed by Captain John Ericsson, was 
laid down at the Continental Iron Works in New York 
in October of 1861 and was completed m 100 days The 
design mcorpoiated at least 40 patentable features, and 
the completed ship was a curious appearing craft, the 
most important advance in naval construction to that 
time 

The turret of the Monitor was a startling innovation 
It consisted of a short cylinder nine feet high and twenty 
feet in diameter resting on the deck It was covered 
with a giating of iron rails, equipped with sliding 
hatches The turret was constructed of wrought iron 
plates, eight in number, each one inch thick The plates 
were accurately faced and firmly bolted together A 
flat, broad ring of bronze was let into the deck, making 
a water-tight joint for the turret 

Ericsson’s own description of the machinery was: 
“The motive engine, the construction of which is some- 
what peculiar, consists of only one steam cylinder with 
pistons at opposite ends, a steam-tight partition being 
introduced in the middle The propeller shaft has only 
one crank and one crank-pin, the difficulty of ‘pessmg 
the centers’ being overcome by the expedient of placmg 
the connecting rods, actuated by the steam pistons, at 
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right angles to each othei The piopeller being of the 
ordinary four -blade type needs no description ” 

The diameter of the piopeller, according to the lecords, 
was nine feet The height of the smokestacks, under 
non-combdt maneuveiing, was six feet, and the blower 
pipes extended above deck a matter of about two feet 
In action, howevei , stacks and blowei pipes were cleared 
away 

While the Monitor was being hastily constructed the 
Confederate ship Virginia, formerly the U S Frigate 
Merrtmac, was being converted to an ironclad of a dif- 
ferent and radically new design Before the arrival of 
the Monitor, the completed Virginia cieated havoc by 
destroying several Federal wai ships of wooden con- 
struction, then cannon fire glancing haimlessly off the 
Virginians slanting aimoi It was the Virginia, in reality, 
that first pioved to a startled woild that wooden war- 
ships were helpless undei the attack of an iionclad 
The fear aioused by the evident powei of the Viiginia 
was the main factoi that caused day-and-night work 
on the Monitor, which was still far from complete as a 
tug towed her to Hampton Roads, leaving New York 
on March 6, 1862 

On March 9th, the two completely new types of war- 
ships met, the first histoiic encounter between iron- 
clads The resulting engagement pioved only that, 
essentially, one ironclad was a match for another 

The activities, the evident potentialities of the ii on- 
clad, however, completely revolutionized naval aichitec- 
ture, spelled the doom of wooden warships and ushered 
in a new era of naval waifaie 

OIL AS FUEL — Folio w^ing the end of the Civil War, 
American maiitime piogiess m both merchant and 
naval vessels, was slow' and cautious Yet only a few 
of the experiments failed Notable was the Navy’s first 
experiment m 1867 of burning fuel oil The test proved 
to be abortive and the adoption of fuel oil was delayed 
for at least a quarter of a century 

Crude oil as a fuel was first used in a Russian ship 
in 1861 The atomizing principle, introduced a few years 
later, had a shipboard trial in 1870 It was used in 
some American warsh.t>s as early as 1902, but at least 
another decade was to pass before it came into general 


use in boilers on merchant ships of the United States 

At first, because of the high price of fuel oil, cost 
was prohibitive However, as refining piocesses im- 
proved and as the production of crude oil increased, 
fuel oil became a by-product of refining and became 
available at extremely low prices Low fuel costs gave 
American ships a small but important economic ad- 
vantage over foreign flag ships owned by nations not 
fortunate enough to have a great and expanding oil 
industry 

The glowing oil industry demanded specialized types 
of ships for the transportation of their products From 
1870 thiough to the present day, American tankers have 
always been the finest ships of their type ever designed 
or built A modern tanker may cost as much as 
$3,000,000 and be able to carry 140,000 barrels of 
petroleum products thousands of miles The modern 
tanker is fast, able to slide alongside a modern war- 
ship and refuel while both ships are under way This 
practice has given American ships an extreme cruising 
ladius Time was when a warship could only steam so 
far from a coaling base and then had to return for 
refueling Oil is a cheap, dependable fuel, easy to store, 
and, above all, relatively easy and fast to handle at all 
times 

In some respects, advancement in naval architecture 
stemmed from the United States Navy In 1850, the Navy 
fust tested out forced ventilation, an innovation that 
later was generally adopted m all types of mechanically 
propelled ships and one which gave engine-room crews 
a comfort they never dreamed was possible 

One of the most forward steps in the maritime field 
was the passage in 1883 by Congress of a Bill which 
authorized the construction of the fiist all-steel warships 
for the United States The measure specifically stated 
that all steel to be used in the construction of the 
warships Atlanta, Boston, Chicago, and Dolphin, was to 
be of domestic manufacture 

The steel industry immediately responded, and the 
encouragement given it by this measure was to be a 
major factor in the subsequent growth and skill that 
today characterizes the American steel industry and 
which makes it the best and biggest m the world 
'I Metallurgy played an important part in the develop- 
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nent ol shipbuilding in the eia from the Civil War to 
he turn of the century Steel-making was rapidly 
advancmg and new techniques of rolling in the mills 
liad a direct mfluence on the size of the steel plates for 
the hull On the famous Great Eastern, launched m 
1858, these plates could be but 33 inches wide and 10 
feet long Forty-one years later in the second 
Oceanic, the plates weie AVz by 25 feet, 11 yeais later 
the plates used m the Olympic were 6 by 30 feet Rivet- ^ 
ing, later to be largely displaced by welding, became 
fastci Once it took hve men to head one iivet, now it 
IS done by two men, and done fastei 

BETTER ENGINES — About 1881, accoidmg to historical 
lecords, the triple-expansion engine began to replace 
the compound engine As a result, the speed of some 
Ameiican warships inci eased to 19 knots Later, several 
naval craft wei e equipped with vertical triple-expansion 
engines On the torpedo boat Ericsson, these engines 
perfoimed magnificently, according to accounts of the 
day With a steam piessuie of 250 pounds, and at 264 
1 evolutions per minute, the ship was driven at a speed 
of 21 knots The boilcis weie legulated by blower 
engine throttles in the engine loom In a three-hour test 
lun, the Ericsson was diiven at 22 5 knots and two 
pounds of coal were burned per hour per indicated 
horsepower, a notable record for the period 

The application of the steam tuibine engine to our 
steamships dates back to 1894, but the development 
was necessaiily slow because of certain difficulties en- 
counteied For example, the turbine principle could not 
be put into practical use until modern alloys and metal- 
lurgy peimitted the necessary high peripheral speed — 
this in turn could not be brought about until electionics 
developed in certain directions 

In 1894 the Turbinia was built, fitted with turbines 
The ship was not accepted, however, until 1897 The 
Turbima pioved to be a power laboratory which speeded 
up the development of this type of ship 
The first Diesel engine was used as a power plant on 
a ship in 1902 The Diesel, using a cheap fuel and with 
no complicated clecti ical units, became popular by 1910 
when the first ocean-going motorship, the Dutch tanker, 
Vulcanns a 1200 deadweight ton ship, made a success- 
ful crossing of the Atlantic 


The followmg year nearly 400 Diesel-powered ships 
were in process of construction by various nations 
Probably the most famous Diesel-powered ship known 
today is the Grtpsholm 

During World War II, Diesel development showed 
great and impressive advances in efficiency and economy 
Most of our landing craft are so equipped, including the 
famous LST’s that performed so notably 

TONNAGE SHRINKS— The interval between 1870 and 
1900 was one in which the American merchant marine 
did not prosper A combination of circumstances was 
lesponsible for a shiinkage of tonnage over the period 
As evidence of the dechne expeiienced, m 1870, our 
total merchant ship tonnage was about 1,448,000 In 
1880, this had dropped to about 1,314,000, by 1890, the 
total tonnage was approximately 928,000, by 1900, it had 
diopped to about 816,000 tons 

Obviously, in such an era, hull stiucture and engme 
and boilei design did not show any startling develop- 
ments Most American merchant ships, stiugglmg for 
existence against the faster, largei, and heavily sub- 
sidized foreign flag liners, had extreme difficulty m 
opeiating at a profit Only the innate courage and the 
high ambition of ship operators and shipyard manage- 
ment kept the Ameiican merchant marine alive 

Fiom the Civil War to the turn of the century, prog- 
1 ess in marine engineering was slow Each advancement 
of new things for strictly land use eventually find 
themselves on a ship Electricity today plays a major 
lole in ship operation Its use was slowly and patiently 
developed 

Modern mei chant and naval vessels incorporate im- 
piovements that have been an entire century in the 
making As time has passed, American shipping has 
had many ups and downs In the background, however, 
it has, foitunately, been possible to preserve an Ameri- 
can shipbuilding industry, so vital to the economic and 
physical welfare of the nation Ihe many advances and 
impiovements that today characterize American mer- 
chant and naval ships, owes much to the privately 
operated shipyards of the nation These yards per- 
foimed miracles of production in World War I — but 
their stature grew immeasuiably duiing the period of 
World Wai II 



The Columbia^ with dynamo room at 2 aad an electrically lighted stateroom at 3 
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Thanks to enabling legislation, American shipyards 
have been able to outbuild the rest of the world. In 
one year (1943) nearly 20,000,000 deadweight tons of 
merchant ships were built — employment m shipyards 
was 1,723,000 m 1944. 

In normal times, when only one or, at most, a few 
vessels of a type are under construction at the same 
time in a shipyaid, skilled employees will represent 
about 50 percent of the total emplo 3 rment In the war 
program, however, a very small percentage of those 
who were employed had all-round shipbuilding experi- 
ence, or had spent any considerable time in the busi- 
ness The ability to build ships with less experienced 
men and mexperienced women arises from the multiple 
production of ships, that is, the production of a large 
number of ships of only one type, or of a very limited 
number of types, in any one shipyard, and it has made 
possible the adoption of some of the methods of pro- 
duction that are used in the mass-production industries, 
such as the automotive, sewmg machine, farm machin- 
ery, and othei industries, although the multiple pro- 
duction of two or three himdred ships of a type can 
hardly compare with the mass-production of 300,000 
or more automobiles of one model 

BRAINS AND SKILL — The shipbuilding and shipiepair- 
ing industiy takes great pride in havmg met the de- 
mands both of the Maritime Commission and the Navy 
in the call for ships for the war emergency, but it 
would have been impossible to accomplish this result 
unless there had existed m the industry, at the out- 
break of the war, a group of technical men experienced 
m the design of ships and a nucleus of skilled mechanics 
versed in the problems of construction 

As already known, men and women can be trained 
quickly to perform repeat jobs in the building of ships, 
but they cannot be trained, except over a long period 
of years, in the design of ships Without men experi- 
enced and proficient in the art and science of naval 


architecture and marme engineering, the program of 
World War II could not have been carried out, it is 
most fortunate that for a period of ten years such 
opportunity was afforded to the mdustry in both the 
commercial and the naval fields 
One of the most fruitful opportunities for the naval 
architect and marme engmeer resulted from the Mer- 
chant Marine Act of 1928, imder the provisions of 
which 31 high-class combination passenger and cargo 
vessels were built in the United States These ships 
were the last word m merchant ship design and equal 
to the best produced by any other maritime nation in 
the same period This opportumty in the merchant field 
was implemented by a similar opportunity in the naval 
field A small volume of construction of naval vessels 
was mamtamed in the period followmg World War 1, 
and from 1933 to the outbieak of Woild War II there 
was an accelerated building progiam givmg the naval 
architect and marme engineer an opportumty for con- 
tinuous work in the development of designs of the 
highest classes of naval vessels 
New tasks were imposed on our giowmg fleet of 
warships during World War II This was responsible 
for certain changes m design to meet new conditions 
In the Pacific, for example, it was necessary for our 
warships to be able to cruise at least 6000 miles with- 
out lefueling Our fleet tankers are the largest and 
fastest, designed to keep pace with a battleship and 
carry out the refuelmg while at top speed, a delicate 
maneuver made possible by American ingenuity 

INVALUABLE LESSONS — Two world wars have taught 
both American shipbuilding and shippmg interests 
great lessons that should be more generally recogmzed 
First of all, to have a great and useful Merchant Marine, 
it is necessary to have always a basic and vigorous 
shipbuildmg mdustry, one that will have personnel and 
management to plan the best, to be able to meet every 
possible emergency If the shipbuildmg mdustry of 
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The jimerica, largett and finest passenger liner ever built in the United States 


this nation, now the greatest m the world, is permitted,, coastal operation; 3,500,000 deadweight tons on the 
through lack of business, to dismtegrate, the economic Great Lakes and 2,500,000 tons on the rivers 
and physical welfare of America may be endangered What will happen to the surplus ships'^ Here again 
Privately operated shipyards have built a very high is an important indetermmate Plans have been ad- 
percentage of the country’s fighting ships — ^built them vanced for the disposal of the ships, aside from those 
fast and well America can ill-afford to lose the men which will probably be retained by the Navy as auxih- 
and the management that has made this possible aiies With a Five-Ocean Navy, American naval re- 
The future of the American Merchant Marine and quirements will be heavy Before Congress is a Ship 
of the vast and valuable shipbuilding mdustry of the Disposal Bill, the status of which is still imsettled What 
nation must be viewed with much consideration of all ships will be sold, to whom they will be sold, and 
of the facts that are involved There are so many in- \mder what terms, are only a few of the factors Involved 
determinates m the balance that any appraisal is vir- , m this all-important piece of legislation Will the United 
tually a guess ^ates follow a plan that has many proponents and 

America ended the war with about 50,000,000 dead- ^i^erilize millions of deadweight tons of merchant ships 
weight tons of merchant ships That is, on paper, in some fresh-water sanctuary, against a possible emer- 
the largest merchant marme in the world However, gency’ If so, how much tonnage‘s Will the slow Liberty 
despite the quantity, the peace-time economic operation ships, which will constitute a large proportion of our 
of such ships is a mamfest impossibility. ship resources, be junked? Or will they be sold to 

foreign nations'^ 

POST-WAR — Estimates vary as to the extent of Amer- How many privately owned ships that were m 
ica’s post-war merchant marme One estimate, largely war service will be worth reconversion^ CJertainly, it is 
acceptable to many of the interests involved, includes doubtful If some former passenger ships cto be eco- 
the followmg 7,500,000 deadweight tons in foreign nomically reconverted Cargo ships, m many instances, 
trade; 3,800,000 deadweight tons m coastal and inter* ' can be reconverted, according to some authorities 
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What about the foreign flag competition which Amer- 
ican merchant ship operators will have to face*^ It 
will undoubtedly be severe It is bound to be alert and 
very aggressive To date, fully 26 foreign shippmg Imes 
have announced that in the near future they will 
operate planes over the routes traveled by their ships, 
oflermg the public a combined service, under single 
management Such services, accordmg to every Ameri- 
can survey, will prove popular They are already in 
demand Unless similar privileges are granted to 
American steamship lines, American air passenger 
seivice oveiseas will be driven straight into the arms 
of foreign competitors and American passenger lines 
will sufTei serious losses of revenue 
How about the volume of foreign traded No one 
knows or can even estimate the volume and flow of 
future foieign trade Some claim it will be the great- 
est America has ever had, others take an opposite view 
The mdeterminates are many and important Ameri- 
can ship operators have to consider all of them, to 
weigh ]ust how each will influence their particular 
spheres Above all, they must be able to operate with 


a sufficient profit to enable them to replace their ships 
when the time comes for such action Big cargo or 
passenger ships represent a heavy investment It is an 
investment the shiplmes are willmg to make if the 
future IS clearly charted They want to biuld new and 
better ships No one plans, to the best of this writer’s 
knowledge, to build ships of a size equal to the Queen 
Mary — but several lines are willing to build fine pas- 
senger ships of at least 40,000 deadweight tons, piovid- 
ing they have a chance to operate such vessels at a 
reasonable profit Many will build passenger ships of 
20,000 deadweight tons 

Many of these factors have a distinct urgency about 
them Some of them will have to be settled soon — and 
m the public mterest In the meantime, the only possible 
prediction m regard to the future of American ship- 
building and the shippmg industry, is to say that they 
have the personnel and the facilities to produce fine, 
safe, efficient, dependable ships — and they have the 
trained personnel to man them What the ships will 
need will be American passengers and cargo — and the 
wholeheaited support of the nation 
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Ifm m Ij/o Anny ihin^s 
aiout Wilmer 


Th» firit is Wilmer’s getup. 

Th# tscond is that he doesn’t care if 
he does look like a castoff scarecrow 

Because Wilmer’s a lot smarter 
than he looks While he’s making 
more than he’s ever made before— 
he’s domg right by his country The 
dough he’d spend for a fancy ward- 
robe goes nght smack mto War 
Bonds . . . and for this Uncle Sam is 
mighty proud of him. 

And Wilmer’s domg right by him- 
self f too Because m a few short years 
he’s gomg to be able to do somethmg 
he’s planned on He’s going to send 
Wilmer,Jr to college— and m clothes 
that won’t be any fugitives from a 
scarecrow, either. 

He's going to be able to do it because 
Unde Sam is going to give him back 



a rich hundred bucks for every sev- 
enty-five Wilmer’s lending now 

Naturally, you don’t have to look 
like Wilmer or tramp furound in 
rags . to make your country proud 
of you, and your own future a whole 
lot more secure 

All you have to do is keep gettmg 
those War Bonds— and then forget- 
tmg them till they come due. Not 
bad — that four dollars for every 
three, and the safest mvestment in 
the worlds 

Why not get an extra War Bond 
today‘s 

BUY ALL THE BONDS YOU CAN 
KEEPALLTHE BONDS YOU BUY 
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PLASTICS 


Conducted by CHARLES A. BRES IN 


Plastics 


Take To Water 

Conventionot Materials and Methods of Boot Building Are Yielding to 
the Newer Plastics. Advantoges Offered in Boots Big and Small Include 
Resistonce to Corrosion and Fungi, Easy Workability, ond High 
Strengths. P^iints, Plywoods, and Laminated Wood all Enter the Picture 


T o WHAT extent you will be 
aware of plastics in boats of 
tomorrow will depend upon whether 
yoi^r interests center on luxury 
hners, freighters, yachts over 60 
feet m length over-all, or smaller 
boats and cabin cruisers 

If your concern is with the biggei 
ships, you’ll need to delve mto the 
ship’s operating mechanisms before 
you realize what a vital role plas- 
tics have come to play In a battle- 
ship, for example, the entire neive 
system of the ship is encased in 
plastics In a typical battle-wagon, 
insulating materials made of plastics 
protect from 850,000 to 1,000,000 feet 
of wirmg 

In large pait, the sensational per- 
foimance of these wires and cables 
can be attributed to the wedding of 
electronics with plastics Without 
plastics’ dielectiic qualities, many of 
today’s electronic miiacles would 
be impossible The piincipal plastics 
used in Navy cable are the vinyls 
and polyethylene A great portion 
of this cable is armored, sometimes 
there are two layers of armor with 
insulation between Vinyl lesm has 
generally replaced rubber as insu- 
lation mateiial in these applications, 
particularly in coaxial cable As for 
polyethylene — very little can be told 
at the present time relative to its use 
in cable Greatest significance, per- 
haps, lies in the fact that a com- 
paratively thm layer has high insu- 
lation qualities 

In this same electrical field, poly- 
styrene IS performing almost imbe- 
lievable feats m insulator equip- 
ment, and phenohes and phenolic 
laminates — the old standbys — are 
much in evidence. There are, too, 
melamine and glass fabric control 
panels and switchboards 

PAINTS — Synthetic-resin paints 
have proved their woitb large 
and small boats alike ifliBir most 
important property for nuunne use 
IS their exception^ hardness Syn- 
thetic resins m special formulations 
for wood and metal, for interior and 
exterior, for topside and bottom, for 
enamels and vamislies, abo offer 


superior weathermg qualities, re- 
sistance to alkalis and corrosion, and 
to moisture and vapor 
Fighting “seabeard” by keeping 
anti-foulmg paint films soft and thus 
allowmg the poisonous mgredients 
to attack barnacles and other fungi 
freely is the job of methyl dihydro- 
bitate and tricresyl phosphate plas- 
ticizers and cuomarone indene and 
vmyl resins used as pamt extenders 
and softening resins 
Plastics also play an important 
part in propeller shaft and rudder 



CourtMy Lud«rs Marine Oonstruotlon Company 

Moidtd plywood for pleosiiro croft 
givos greater lotitude in hull design 
ond fewer owner i|^intenonce problems 

/ 

bearings ActiM^ operating experi- 
ence has jddfffionstrated the ad- 
vantages of Ihffilftiates made up of 
cloth impregnated with phenol-for- 
maldehyde resin for these applica- 
tions Tests show that bearmgs of 
this material wear three times 
longer than thos# made of wood On 
one ship, for example, after approxi- 
mately 70,000 jniles travel, the resin 
bonded compcSition bearings showed 
only 0 045 inch wear, with almost 


no wear on the shaft liner Lignum 
vitae bearing, used under precisely 
the same conditions, showed 3/8 
inch wear with the shaft Imer worn 
up to 3/16 mch 

The laminated material also 
weighs less, even when compared 
with alummum, has a lower water 
absorption, and is easier to install 
and replace 

Polystyrene, phenolic resins, 
laminated molded macerated plas- 
tics, methacrylate resins, and others, 
will find even more extensive use in 
direction finders, electric telegraphs 
and general power equipment Fog- 
penetratmg devices, automatic 
steerers, impeller-type logs, super- 
sonic depth finders and ship- to - 
shore telephones will make use of 
both polystyrene and phenolic ma- 
terials for coil insulators as well as 
for housmgs And there are other 
plastics imits that have seen suc- 
cessful service m big boats 

UNDER 60 FEET — It appears at 
present that the use of plastics afloat 
will be in inverse proportion to the 
size of the boats Thus, the rosiest 
field will be m the smallest types 
— that 18 , dmghies, top-o’-car boats, 
outboard motor boats, racing shells, 
canoes, small sloops, and large row- 
boats In the larger types of saihng 
boats and cabm cruisers, plastics 
will be used both inside and out to 
reduce costs and to increase com- 
fort and luxury as well as ease of 
operation and maximum efficiency 

The anticipated extended use of 
plastics m smaller boats is tanta- 
mount to a minor revolution in boat 
building Naval architects and 
builders have long been considered 
incurable traditionists. Skilled 
craftsmen painstakingly have built 
sea-worthy boats from teak, ma- 
hogany, and brass Persons fortu- 
nate enough to own one of these 
boats have brought it through the 
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Oourteay Hercwlet Powdw Company 

Heavily fouled section of the hull of o steel ship and, inset, onother portion of the 
some hull, treoted with onti*fouling paint, after comparable period of exposure 


seasons by caulking, sanding, paint- 
ing, and polishing Boats have been 
expensive, demand has, therefore, 
been small. None dared to challenge 
tradition. 

But with Pearl Harbor came the 
need for PT boats that could take 
the buifetmg of choppy waters at 
mcredible speeds, for hfe-boats 
light enough to be airborne and 
strong enough to drop on heavy 
seas, for hundreds of coast guard, 
landing, river crossmg, and other 
small craft to be constructed by the 
thousands m record-breakmg time 
with no sacrifice of sea-worthiness 

Traditional production techmques 
were too slow, traditional materials 
not always suitable Under the 
stimulus of this emergency the boat 
industry began to break with the 
past, to adopt plastics for hulls, 
superstructures, and decks 

There are some, of course, who 
are reluctant to abandon the old 
methods of boat construction It is 
the claim of this group that you can 
never tell how a material will be- 
have until it has been exposed to a 
season's wear followed by a winter 
in storage They add that it is one 
thing to test a material for weather 
exposure or submersion, quite an- 
other to put it into actual use where 
motor vibration, high speeds, heavy 
seas, and any number of unforeseen 
conditions might prove it unsea - 
worthy 

The gi eatest controversy rages 
around the question of hull mate- 
rials and construction The mtro- 
duction of plastics into the exterior 
of pleasuie boats came with sheet 
plywood used in such non-struc- 
tuial parts as cabin walls and roofs, 
for decking, planking, and side- 
plating This early plywood, which 
was bonded with albumin and 
casein glues, had several short- 
comings But the picture has been 
altered since the development of 
phenolic and resorcinal-formalde- 
hyde resins which impart greater 
strength and resistance to water 
and fungi 

It is estimated that about 5000 


boats of molded hull construction 
have been produced foi the vaiious 
services during the wai In this 
process, wood veneers aie spread 
or sprayed with resin, secuied over 
a male form whose outlines confoim 
to the shape of the boat After this 
assembly is sealed in a rubber 
blanket, it is placed in an oven 
wheie it IS subjected to rigorously 
controlled heat and pressure to 
polymeiize the resins After a speci- 
fied time it ig removed from the 
oven, stripped of the rubber bag, 
and cooled with a water spray 

HULL DESIGN--The use of lesin- 
bonded plywood allows consider- 
able latitude in hull design In the 
L-16, for example, 25 or which were 
delivered to racmg enthusiasts this 
last Spiing, it was possible to con- 
struct a pointed bow and a rounded 
stein since pljrwood can be formed 
into such shapes without wastage 
of material such as there would be 
if conventional lumber were used 
It is claimed that the stressed skin 


construction means that the boat is 
better able to withstand the stresses 
of choppy waters and high winds 
Further, there is a considerable 
strength-weight gain when plywood 
IS used — plywood being the strong- 
est material for its weight that is 
known Plywood has high rot and 
teredo resistance due to the protec- 
tion the resin gives the wood fiber, 
and its use minimizes boat upkeep 
because the material stays put once 
it is in place 

An important factor with regard 
to the use of plastics laminates m 
pleasure boat hulls is the amazmg 
increase in the stiength of plasacs 
moldings when a fiber reinforce- 
ment IS added These reinforcing 
materials include glass cloth, can- 
vas, paper, manila fiber, rope yarn, 
and needled felt 

Sandwich constructions — with 
outer canvas covers or mahogany 
veneers combined with low-density 
cores of air-filled regenerated cellu- 
lose, honeycomb glass fiber con- 
struction, or styrene fiber — offer 
promise that a buoyant structural 
material is on the way However, m 
models which have been developed 
up to the present time, buoyance 
compartments — m many cases filled 
with expansion plastics — ^have been 
incorporated as the principal safety 
factors 

An experimental 17-foot center- 
board-type, sloop-rigged sail-boat 
molded of phenohc impregnated 
sisal rope fibers shows the refine- 
ments of design possible with this 
material at the same cost, when 
produced in quantity, as conven- 
tional wood hulls The ease with 
which the material is formed makes 
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Some of tho ponibit uses of plastics on a de luxe cabin cruiser 
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possible any streamlining deemed 
practical by the designer. A wide- 
curved bow — ^a dry type of con- 
struction seen in many new boats 
— is easily produced from the mate- 
rial, as are the combination roimd- 
and-vee-bottom hulls. 

LAMINATED TIMBERS-When the 
Navy small-boat program ran into 
difficulties m procuring enough 
suitable timbers for its gigantic 
needs, laminated timbers were 
adopted Synthetic glue manufac- 
turers were called upon to formulate 
resins capable of settmg at a lower 
temperature than the boiling pomt 
of water. Such a resm was neces- 
sary to prevent excessive loss of 
moisture from wood in large lami- 
nated cross sections during drying, 
which would tend to weaken the 
structure These laminated mem- 
bers permit the use of up to 60 per- 
cent low-grade and short-length 
material in the interior section 
Parts and sections produced to ad- 


vantage by lammating include 
aprons, deck beams, binding strakes, 
b^ms, cappings, deadwood, frames, 
horn timbers or counter timbers, 
keels, keelsoms, knees, risers, shaft 
logs, side fenders, spars, stems, stem 
posts, stringers, towposts, transoms, 
and so on. 

Laminated structural timbers 
have, of course, been in use over 
10 years. But prior to the war they 
were useful only when they could 
be protected from weather and 
humidity. Improvement and devel- 
opment of various t 3 rpes of resins 
made possible laminated parts 
capable of withstanding the severest 
kinds of exposure. Properly used, 
these resins form a joint stronger 
than the wood itself. 

Whatever the future holds, plas- 
tics materials will be botmd up with 
boat bmldmg And the prestige that 
will emanate from their acceptance 
by conservative boat builders will be 
felt m many ways The yachtsman’s 
approval is a goal to work toward 
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MOLDED WOOD 

Uses Plastics to 

Mutual Advantage 

OOD has now become so closely 
allied to plastics that it can be 
molded m dies under heat and pres- 
sure m a way that greatly enhances 
its natural physical properties and 
beauty. S H A. Young and HAM 
Palese, of Engineering Associates, m 
discussing this development, point 
out that brush backs, Imife handles, 
knobs, and handles of various types 
which are formed from impregnated 
and molded solid wood not only 
possess the beauty inherent m the 
origmal wood but are rendered wa- 
ter, acid, alkali, and heat resistant 
as well The pieces are also said to 
possess improved dimensional sta- 
bility 

The process is relatively simple 
and the final cost of the article is 
moderate. A large factor m the low 
cost IS the elimination of the costly 
finishmg necessary on natural wood. 
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Knife hendtee mode m two ports of 
molded wood liove hipli f^renoHi end 
kordnest, ond aotvrol wood beooty 


It is also possible in many cases to 
eliminate as much as 90 percent of 
the preshaping work A relatively 
rough preform develops full mold 
contour and a high mirror-like fin- 
ish that IS much more than skin 
deep 

After drying, the wood is placed 
in a sealed chamber and a vacuum 



Preform ond finished molded wood 

knob, with knob section m center 

apphed and mamtamed at from 23 
to 28 mches for 30 to 60 mmutes 
After evacuation, resm is admitted 
to the chamber, and pressure rang- 
mg from 150 to 300 pounds per 
square mch is applied and mam- 
tamed from one to three hours. Im- 
mediately upon removal from the 
impregnation chamber the treated 
pieces must be air dried. It has been 
found that a 12 hqp^ air dry is ade- 
quate for most %oods, depending, 
of course, upon the surface area- 
volume ratio. Then comes oven dry- 
ing 

The temperatures used m the 
moldhig depend upon the type of 
resin used Urea, melamine, and 
phenolics lend iHemselves readily 
to ttie impregnation method. The 
moldmg time required for impreg- 
nated wood is comparable with that 
required for equivKfent thicknesses 



of conventional compounds Mold 
closing time, however, is somewhat 
longer for impregnated wood, due 
to a greater ngidity in the preform. 
The use of electrostatic preform 
preheating and of a spht moldmg 
cycle are two promismg possibilities 
as far as the molding time factor is 
concerned 

While molded wood falls within 
the classification of high-impact 
molding compoimds, it is interestmg 
to note that the required molding 
pressures are far below those re- 
quired for its conventional counter- 
parts Pressures m the range of 200 
to 1000 pounds per square inch have 
produced very satisfactory high- 
strength mold^-wood pieces of ex- 
cellent quality 

Up to the present time this tech- 
nique has been successfully devel- 
oped m the laboratories of Engi- 
neering Associates for use on such 
products as knife handles, toy parts, 
textile items, knobs, pot handles, 
and other products While these 
articles are generally small, there 
appears to be no reason why molded 
wood may not be equally successful 
for much larger umts through the 
use of multiple preforms This 
would mdicate a potential use m 
furniture components, such as arm 
rests, high-chair trays, caster 
wheels, and table tops 

PLASTICS COATINGS 

Apphed by Use 

of Dipping Lacquers 

Covering articles such as handles 
of kitchen utensils and tools, long 
bars, and the blades of screw drivers 
with a plastics coating can be quite 
a problem This is particularly true 
when the items do not justify the 
use of expensive dies which would 
be needed were they to be covered 
by injection moldmg Agam, the 
shape and character of the pieces 
may be such that spraying would 
involve substantial solvent loss. 

If such IS the case the solution 
may lie in the use of cellulose ace- 
tate butyrate (Tenite II) dipping 
lacquers. These lacquers, which are 
made by dissolving cellulose acetate 
butyrate granules and pellets in 
suitable solvents, produce hard, 
thick, tough protective coatmgs 
varying in thiclmess from 0005 to 
0 010 inch. Greater thickness of 
coating is obtained by mcreasing 
the solution viscosity or by repeated 
dipping. The lacquers are available 
m any color and any degree of 
opacity. Suitable as a covering for 
articles molded of cellulose acetate 
butyrate as well as those molded 
from certain other types of plastics, 
they can also be us^ to coat metal 
and wood. 
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DUREZ 


DESIGN ENGINEERS ARE TOASTING 
THE VERSATILITY OF PHENOLIC PLASTICS 

Already there arc hundreds of new and improved pro- 
ducts waiting in readiness for post-victory markets 
products which have made good use of the versatility of 
Durez phenolic plastics Take this eye-appealing toaster, 
for example The base and knobs are molded from a 
Durez phenolic compound which possesses such desirable 
properties as dielectric strength, brilliant finish, excellent 
moldability, and resistance to heat and moisture These 
characteristics — and many more — are inherent in all of 
the more than 300 Durez phenolic molding compounds 
make them the natural starting point when you’re looking 
for the plastic that fits your job 




PHENOLIC 

RESINS 




*\ ^ v>» 




THE NEWEST THING AFLOAT 
IS THIS MOLDED PLASTIC BOAT 

When you stop to consider such properties as extreme 
toughness, moisture resistance and facile moldability, 
which Co-Ro-Lite (a combination of sisal fiber and Durez 
resin) possesses, a sailboat molded from this matenal 
seems a logical step forward in plastics progress This 
IS exactly what has occurred, and the Co-Ro-Lite sailboat 
has passed every test to date This new application is but 
one of many recent developments which use versatile 
Durez resins 


OIL SOLUiLE RESINS 



'// 


THE INSIDE STORY ON OUTSIDE PAINTS 

Many leading paint manufacturers incorporate Durez 
phenolic resins in their better quality outside paints — 
such as house paints — because these remarkable resins 
speed up the time of set, eliminate water spotting, improve 
gloss retention, and help prevent mold formation 


IPIUSIICS 

nm 




Right off the press, the Durez Plastics Primer is a bfiwid new, 
illustrated booklet about phenolic plastics and is especially de- 
signed for quick reading by today*s overburdened executive 
Not for the technical man who is already familiar with the sub- 
ject, the Durez Plastics Primer is a brief, simple, crystal-clear 
digest filled with basic facts covering the part the phenolic^ 
play in the over all plastics picture. Clip the attached coupon 
and send for your free copy Absolutely no obligation, of course 


Durez Plastics a Chemicals, Inc 
5310 Walck Road, N Tonawanda, N Y 

Please send me a free copy of the new Plastics Primer 


Company ^ 
Address — 


PLASTICS THAT FIT THI JOB 
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ENGINEERING 


Conducted by EDWIN LAIRD CADY 


Export Packaging Is Different 

Attention to Important Details Assures that Instruments, Machinery, 
and so on. Will Reach Their Destinations Undamaged, Mechanically or 
by Corrosion Product Protection for Many Items is More Necessary 
Today than Ever Before. Many Problems Must be Studied and Solved 


A MANUFACTURER of fine precision 
instruments recently shipped 
a dozen of them to a tropical coun- 
try Soon after their arrival he re- 
ceived a number of complaints from 
the customer Polished steel sui - 
faces had corroded enroute, elec- 
trical insulation was failing, super-r 
sensitive bearings were sticking in- 
stead of turning at the slightest ap- 
plication of power To save time and 
trouble he had them all returned 
for full credit 

This incident started a complete 
restudy of that manufacturer’s ex- 
port packagmg and anti -corrosion 
protective methods Similar studies 
must be made by thousands of 
manufacturers if our country is to 
do the volume of foreign business 
which nearly everybody anticipates 
First of all was the corrosion 
problem The rust preventive meth- 


ods which were perfectly adequate 
for shipping within the United 
States would not do at all for for- 
eign markets. The extreme changes 
of temperature which the packages 
might meet while 'being shipped 
abroad — all the way from f^r below 
zero in a high flying airplane to 
more than 120 degrees above zero 
in the hold of a river steamer — 
would defeat the rust preventives 
which had been used for shipments 
to local markets 

A more effective type of corrosion 
preventive might solve this But 
there was another problem The 
electrical troubles had been caused 
largely by usmg an improper solvent 
to clean the corrosion-preventing 
compound from the steel and letting 
the solvent spill onto electric wiring 
and insulation It was plain that the 
new corrosion preventive would 


have to be a type which could be 
wiped off without the use of 
solvents 

There also was the problem of 
where the corroding moisture had 
come from The exterior of the 
package seemed to be adequately 
moisture resistant Some moisture 
might have been exuded from the 
packagmg materials, since the fiber- 
board and paper commonly used in 
packaging depend upon high mois- 
ture content for strength and will 
give off moisture at certain tem- 
peratures But no one explanation 
seemed to furnish the complete 
answer 

The bearings had been damaged 
partly by the solvent, partly by 
moisture, and partly by the fact that 
the packaging materials and the 
structural designs of the members 
which braced the instruments with- 
in the packages were inadequate for 
the rough handlmg and other shocks 
of export shipping 

PACKAGE ATTACKED-The first at- 
tack upon this problem was directed 
at the package itself A moisture- 
proof, heat-sealed, envelope was 
designed to enclose the entire in- 
strument. With this, any moisture 
which, due to shocks that might 
rupture or weaken the moisture- 
proof barrier at the outside of the 
package, penetrated into the in- 
terior, would have to pass a second 
barrier before reaching the instru- 
ment itself The inner envelope 
would protect against moisture 
exuded from all but the small 
quantity of cushioning materials 
which had to be within it 

The structural bracing within 
the package was improved in de- 
sign. Formaldehyde-urea impreg- 
nated corrugated fiberboard was 
used for the bracing — a material 
which is stiffer, more moisture- and 
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wear-resistant than the kraft boards 
used for domestic shipping This 
assured that even under severe 
handling the braces within the 
package would not break down, with 
resultant damage to the instrument 
Studies were made of the pos- 
sibility that the inner envelope 
might be so chafed by the structural 
bracing which would rub against it 
that it would lose its protective 
properties It was found that at the 
highest temperatures which the 
package might reach the air pres- 
sure within that envelopie would in- 
crease to the point wheie the en- 
velope was stretched or expanded 
outward toward the bracing, thus 
increasing the chafing danger A 
vacuum line was rigged to remove 
the excess air from the envelope, 
with the envelope immediately be- 
ing heat sealed to prevent re-en- 
trance of air No attempt was made 



to create a vacuum, the object be- 
ing only to collapse the envelope 
about the instrument so that the 
drawn-in portions would be avail- 
able as expansion areas when the 
remaining air became heated 

To reduce still further the pos- 
sibilities of chafing, flat sheets of 
corrugated fiber board were placed 
between the bracing members and 
the mner envelope This made the 
entire package a ‘‘box within a 
box,” a floating construction which 
would be shock absorbing to a high 
degree 

With this arrangement the outei 
walls of the package could actually 
be punctured by rough handling 
and the instrument would still have 
a high degree of protection 

The inner box then was rede- 
signed so it also could be sealed 
against moisture, providing a third 
barrier Within this would be placed 
activated silica gel which would ab- 
sorb any moisture that might be 
exuded by the packaging materials 
themselves The package then had 


Right Brocing rotmbert 
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four-way moisture protection — out- 
er wall, inner wall, silica gel, and 
mner envelope 


RUST PREVENTION — A new rust 
preventive compound was adopted 
for the fine steel surfaces — one 
which required only to be wiped off 
with a clean ra^'^and which would 
be an excellent lubricant foi the 
bearings if it got into them This 
compound, although light and thin, 
was high in its water and moisture 
displacing abihties If water actual- 
ly got to the steel, the compound 
would tend to lift it off and let it 
flow away Ancih although the new 
pieventive was '►not so completely 
protective as the old, harder, and 
heavier one, the instrument maker 
knew that any handling of the pack- 
age which was rough enough to 
puncture the inner envelope and let 
large amounts of water get at the 
instrument would be likely to do 
enough mechanical damage to rum 
the instrument s^j^^at further dam- 
age by rustmg would be of no con- 
sequence I* 

The electrical pa#s were protect- 
ed by a compouilft Which is resis- 
tant to oils, solvents, and moisture, 
and which would continue to pro- 
tect through long periods of service 
Heat would only harden this ma- 
terial Similar mlatenals give long- 
time protection to the exteriors of 
spark plugs and other electrical 
parts even when in service on air- 
plane engmes 


The completed package received 
the usual drop tests to observe the 
effects of rough handling But the 
company wanted to be sure that a 
machette-wieldmg laborer, left to 
his own devices to open the pack- 
age, would do no damage 

Tlie top end was marked plainly 
on the package exterior, and m the 
language of the country to which 
shipment was to be made There 
was more than three inches of 
bracing material between the outer 
box and the inner one, and thi& 
would keep any ordinary cutting 
tool from penetrating the mner box 
while the outer one was being 
opened 

The bracing members nearest the 
cover were arranged so that sections 
of them would lift out as a unit 
Before this was done there was a 
temptation for the laborer to cut 
through them with chopping strokes 
of his machette, and he easily could 
cut clear through to the instrument 
and do damage 

The fact that the inner box was 
to be lifted out as a unit, rather 
than being torn open while still 
surrounded by bracing members, 
was made clear by printed labels 
which included cartoon drawings of 
how to lift out and open it To em- 
phasize the point, and to provide 
still greater structural strength, the 
inner box was provided with cross- 
ing bands of steel strapping The 
directions showed that the inner box 
was to be placed on a firm and level 
base, the steel bands cut, the sealing 
tape tom away at the comers and 
the sides allowed to fall down After 
that the inner envelope could be 
torn away and the mstrument 
mounted for use 

REDUCED COSTS—Next on the 
planning schedule was to turn the 
corrosion protective applications and 
the packag^g mto a progressive or 
“production Ime” operation to re- 
duce costs. 

Every steel part had to be cleaned 
thoroughly. Thorough corrosion pro- 
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Pockoge ond product broce eoch other 

tection IS very nearly impossible if 
there is foreign matter of any kind 
on the material to be protected Any 
finger prints which might be on the 
materials had to be cleaned off or 
neutralized, since perspiration is 
often highly corrosive And for 
greatest economy and safety all cor- 
rosion protective operations on steel 
parts had to be performed in an an 
conditioned, dust-proof room 

There are wide differences in the 
drying or “setting up” time periods 
required by various corrosion-re- 
sisting compounds A compound was 
found for the bright steel parts 
which required no more setting up 
time than was needed to dram off 
the excess after the parts hhd been 
dipped in it This was considerably 
less time than had been needed for 
the compound previously in use It 
reduced floor space needed for 
draining and drying the parts, 
equipment needed for hanging them 
while they dried, and other costs 

Parts were handled with steel 
hooks and other metallic devices 
while being dipped, drained, and 
dried With the previous compound 
these had left bare metal spots 
which had to be “touched up” by 
hand The new compound spread 
over the bare spots after being re- 
leased from the holdmg devices so 
this cost was eliminated 

The compound used on the elec- 
trical parts required eight hours to 
set up thoroughly, but would form 
a dust-proof outer skin within a few 
minutes of apphcation This, there- 
fore, was apphed in a separate room, 
with the finished electrical assem- 
blies being pushed along a gravity 
conveyor to an ordinary storage 
room where they could stand and 
dry 

Final assembly required taking 
the finished steel assemblies and the 
finished electrical ones to an air 
conditioned room which was kept 
at 65 degrees, Fahrenheit, so there 
would be no tendency for the op- 
erators to perspiitt All of these 
operators wore clean white gloves 
And as a final precaution a per- 


spiration corrosion inhibitor was in- 
cluded m the protective compound 
for the steel parts. 

The instruments were sealed 
within the inner envelopes and 
agam sealed and strapped within the 
inner boxes before they left this 
room, these operations being per- 
formed immediately after final as- 
sembling and final mspecting to 
make sure that no metal surfaces 
had been left unprotected Storage 
was in these boxes, the bracing 
members and outer boxes not being 
put on until final shipment — a meth- 
od which saved shelf space 
Companies facing such export 
packaging problems as these can 
draw to some extent upon Army 
and Navy war experiences in ship- 
ping of materials to battle areas 
But there are two important ways 
in which the civilian requirements 
differ from the military First, com- 
mercial goods will not have to meet 
such severe conditions as military 
Second, commercial companies can- 
not depend upon the openers of 
packages to be specially trained, 
specially selected men who are 
accustomed to followmg instructions 
Export business will be a larger 
factor in the future than it ever has 
been in the past And thousands of 
manufacturers will have to make 
intensive studies of export packaging 
before they can compete for this 
business 


9 9 9 

MACHIKING PLASTICS 

Requires Apphcation of 
Special Techniques 

A HIGH percentage of plastics are 
made in sheet, rod, or tube forms 
and must be machined to produce 
finished articles, and molded plas- 
tics pieces often require secondary 
machimng operations such as tap- 
ping. 

In machining operations, pro- 
vision must be made for the ther- 
mal expansion of the material Plas- 
tics are frequently high in coefficient 
of thermal expansion, and the meth- 
ods of removing heat by copious 
flows of cutting oils, as practiced 
in metal workmg, may not be suit- 
able for them Female centers are 
preferred to male ones and toler- 
ances on machined surfaces must 
allow for shrinkage on cooling 
Chip pressures and temperatures 
generally are not so high as those 
of metal working Adequate hard- 
ness of the tool therefore can be 
more important than temperature 
endurance When the plastics con- 


tain extremely abrasive materials, 
such as glass reinforcements, the 
very hardest tool materiab (dia- 
monds, cintered carbides, cobalt al- 
loys) may be required. 

The pressures which the tools 
exert against the material may need 
to be applied in the directions of 
the greatest volume of the material, 
or in such directions as to tend to 
press sheets of laminated plastics 
together rather than tear them apart 
Unlike most metals, many plastics 
are stronger in some planes than in 
others (section thickness for section 
thickness) and so far as is practical 
the greatest tool pressures should 
be in the direction of the greatest 
strengths 

Chip scavengmg can be a problem 
The chips of many plastics tend to 
pack rather than to flow freely along 
the scavenging passages of the tools 
The use of cutting oils at ordinary 
feeding pressures may only increase 
this packing tendency Compressed- 
air blasts can help, and so can 
streams of cutting oil blasted at high 
pressure from beneath the tool 
points Scavenging passages should 
be deep and smooth 

WIRING WITH INK 

Possible for low- 

Priced Radio Sef$ 

Ir HAS long been known that vari- 
ous materials could be mixed with 
printers’ ink and then printed on 
ordmary materials for various ef- 
fects Among the common uses are 
the printing of abrasive mixed inks 
to produce abrasive paper surfaces 
which at least are good for match 
scratching, and the printing of 
metallic inks to produce strikmg 
effects 

Latest in this field is the printing of 
metallic inks m diagrams which will 
act as electrical conduction circuits 
in low pnced portable radios 

The base stock upon which the 
printing is done must be stiff and 
strong enough so it will not bend or 
break to rupture the printed lines 
and thus break the circuit. It also 
must be non-hygroscopic enough so 
that it will not absorb enough mois- 
ture on humid days to cause short 
circuits And it must be dimension- 
ally stable so it will not expand and 
contract enough tmder ordmary 
temperature changes to cause 
trouble. 

All of these properties are to be 
had in treated cardboards and other 
base stocks which in peace-time 
sell for quite low prices As a 
result, the printed metallic electrical 
circuit IS on its way But the de- 
velopers of it are sitting on the lid, 
they are keeping its present stage 
of development secret 
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he started something 
that will never stop 



2S YlAiis AOO a Westinghouse research engineer 
started something that was destmed to have a 
profound effect upon the lives of all of us .. . 
and upon generations yet unborn. 

That something was radio broadcasting. 






Radio broadcasting was born 

on November 2, 1920, when the Presidential Election 
returns were broadcast from the tiny radio station, 
KDKA — built by Dr Frank Conrad at the 
Westmghouse plant m East Pittsburgh, Pa It was 
the first scheduled radio broadcast in history 
the forerunner of a world- wide network that would 
eventually carry enhghtenment and entertainment 
to the far corners of the earth 


Another "first** 

by Westmghouse was the use of radio waves 
to fuse a mirror-hke finish on dull electrolytic 
tin plate High-frequency induction heating now 
helps make one pound of war-scarce tin do 
the work of three 


Dielectric death 

. . . administered to weevils in grain elevators . . • 
is another example of the ingenuity of Westmghouse 
high-frequency engineers Westmghouse dielectric 
heating equipment is today speeding the bonding of 
plywood and curmg of plastics and synthetic rubber. 


Frequency modulation 

was pioneered by Westmghouse scientists as 
far back as 1920 At that early time they 
experimented with high frequencies that 
led the way to the static-free, crystal-clear 
FM we know today 




Television 

has become a reahty because of the 
genius of Westmghouse micro -wave 
experts, who developed the forerunner 
of the Iconoscope in 1923 and the Kmescope in 1929 
These devices banished forever cumbersome scanning discs 


Research in microwaves 

never stops at Westmghouse, Research, 
begun 20 years ago, resulted 
in the key electromc tube for 
the first long range Radar equip- 
ment Other secret devices, bom 
of war m the Westmghouse Research 
Laboratories, will con- 
tribute to a better, brighter peace- 
time world. 
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METALS IN INDUSTRY Conducted by FRED P. PETERS 

Ship Welding Wins 


Despite Early Troubles, Welding Techniques Hove Advonced to o 
Pomt Where they Will be Used in Many New Designs. Locked>up 
Welding Stresses, Usually Coused by Incorrect Procedures, Con Exert 
Explosive Rupturing Force. Now Such Stresses Con be Controlled 


R ight this minute the engineermg 
department of many a ship- 
buildmg company is working out the 
final details of its post-war all- 
welded steel ships This is in the 
face of the fact that three short years 
ago welded steel ships were split- 
ting then plates m mysterious ways 
and some ships were splittmg apart 
and breaking m two 
Ships now on the drafting boards 
have contours more beautiful than 
any pre-war designer ever thought 
practical for production by ship- 
buildmg methods They will be 
lighter, faster, get more speed from 
the same power, be more seaworthy 
They will roll less, pitch less, have 
plenty of room for air conditionmg 
plants for the comfort of passengers 
and the protection of cargo There 
will be plenty of matenals-handlmg 
equipment aboard, cargo will go 
into and out of holds much more 
rapidly, thus cutting down the time 
during which ships are tied up in 
ports and increasing their sailing 
and earning days per year 
None of these features — and 
plenty of others — is m the dream 
stage All of them are solidly prac- 
tical, made so by the ability of 
welding to fabricate strong and light- 
weight structures And the way m 
which ship weldmg hcked its early 
problems is one of the sagas of m- 
dustry 

Ri^t from the start of their pro- 
duction in a big way for war service, 
all-welded ships had some amazing 
successes to go along with their fail- 
ures There was, for example, the 
“Anne Hutchinson” This Liberty 
ship was torpedoed and broke in 
two Both ends continued afloat 
until the after section was sunk in 
a storm. The forward end was tor- 
pedoed a second time, the engine 
being knocked loose and moved ten 
feet from its base ^ by the explo- 
l^ion In spite of that, the forward 


end continued to be buoyant and 
was towed safely to port Dozens 
of other ships made voyage after 
voyage, their only troubles bemg an 
occasional ruptured plate 

Search for the cause of the rup- 
tuied plates quickly foimd it in 
locked-up or residual stresses And 
right here the shipbuildmg engineers 
had to face a plam metallurgical fact 
Locked-up stresses exist m any 
steel which is heated to a red tem- 
perature or hotter and then allowed 
to cool There are residual stresses 
m any steel which is cast, hot rolled, 
or welded They cause any steel 
which IS heated and then cooled to 
change its shape As a laboratory 
demonstration a cube of steel which 
IS heated and cooled enough times 
will ultimately become a sphere 

STRESS RELIEF — Most of such 
stresses can be relieved by anneal- 
ing But there is no way to anneal 
the thousand-foot-long hull of an 
all-welded ship And the locked-up 
stresses caused by the heatmg and 
cooling of weldmg were so strong 
in some ship plates thfit when they 
concentrated m small areas of the 
plates they sometimes acted with 
the speeds of explosions Plate steels 
which, under the slow actions of 
tensile testmg machmes would 
stretch several mches before they 
broke, would fracture as cleanly as 
cast iron when these stresses rup- 
tured them 

Observation of many ruptured 
plates disclosed an important fact 
There almost always was a “det- 
onator,” a starting point which 
weakened a definite area of the 
plate, mvited the stresses to concen- 
trate there, and instigated the rup- 
ture 

A square-foot by square-foot 
search of ships’ hulls and other 
members was made to find and elim- 
mate these detonators Some of 



Oourtesy WestinghouM Bleetrlc Corporation 


Arc welders fobricatmg a heavy fixture 
used III ossembliiig morine turbines 

them were sharp points or re-en- 
trant angles where plate met plate — 
ship design practices which had 
been quite all right for riveted ships 
Others, strange to say, were caused 
by the very zeal of sub-contractors 
who had forgotten that the thick- 
ness of a weld is governed by the 
thinner of the two metal pieces to 
be joined These contractors were 
putting on' too thick welds, thus 
subjecting the thinner pieces to far 
greater heat stresses than were 
necessary, and their sole purpose in 
domg so was to put in plenty of 
welding rod — that is, plenty of joint 
metal — for the sake of the war effort 
Re-design went hand m hand with 
changes of methods. In some cases 


218 


SCIENTIFIC AMERICAN 


OCTOBER 1945 




iM,.. ^ ^ 

i 

•Vv,,; 


^ ^ ■ 



iif 



4 ' 




% 














U'[ / 

" 4 

•r--' ' 



:/■ 













* 



Weights hold down the bottom plates of this barge until welding is completed 


a new design of a section would 
eliminate the joining of thick sec- 
tions to thin ones In others the 
welders and the sub-contractors had 
to be instructed 

Fitting methods were found to be 
faulty The engmeers had to re- 
discover the old truth that weldmg 
IS only one of a series of operations 
which results m a welded structure 
Plates would fail to meet, and the 
welders would saddle-weld to cover 
the crevices, thus practically guar- 
anteeing that trouble would ensue 
Bulkheads would be made slightly 
small and Would be moved from 
their fair Imesf (proper positions) to 
take advantage of the curvature of 
the hull so that metal would meet 
metal and welding could be done 
This put the bracmg of the hull in 
positions and at angles not mtended 
by the ship designers 

TROUBLES ELIMINATED — Limits 
and tolerances on all paits weie 
then tightened Mechanical controls 
were applied to flame cutting of 
plates in preparation for welding 
Tiouble after trouble was eliminated 

Some of the worst problems were 
found in the welding itself Over- 
welding to make sure of strength 
made sure of weakness mstead Bad 
spots in welds were burned out and 
rewelded, thus vastly increasing the 
application of heat to small areas 
and setting up additional stresses 
Excess heat was applied to finish-off 
welds, make them look better This 
also put unnecessary locked- up 
stresses into the plates The idea 
had to be sold to the welders that 
the only good weld is the one which 
is done right the first time With 
new welders being tramed at rates 
as high as 700 a month for a single 
shipyaid, this selling had its prob- 
lems 

Such improvements prevented 
many a ruptured plate, kept many 
a ship out of dry dock Ruptuimgs 
bad enough to smk a ship, unless 
caused by enemy action, became 
non-existent — there never had 
been many of them But even so, 
the corrective measures had not 
gone far enough 

Methods engmeering had to be 
applied Management or staff engi- 
neers, workmg exactly as they 
would in large factories, had to take 
from the welder and his foreman all 
authority to decide what should be 
welded, at what time, and m what 
sequence 

The sequence in which weldmg 
operations are performed is highly 
important If the operations proceed 
from the middle of the structure 
toward its edges or open ends, then 
the locked-up stresses can be kept 
to their fewest and hghtest Two or 


more operations can be timed so 
that the welders work togethei in 
team play to di aw most of the 
shrink stresses into a single direc- 
tion mstead of causing them to op- 
pose and multiply each other Piob- 
lems like these had to be worked 
out by engineers 

The engineering, too, had its limi- 
tations One of them was the sizes 
of individual welded assemblies 
After an assembly gets to be 3 ust 
so big and complex it is hard to 
plan sequences of weldings which 
will keep down the locked-up 
stresses, harder still to handle or 
“position” it 90 that the most rapid 
welding techniques can be used 
This is the mam reason why ships 
aie built of welded sections which 
later on are welded together 

Laying out the individual assem- 
blies, laying down the methods by 
which they were to be welded to- 
gether into sections and the sections 
m turn into entire hulls and super- 
structures, was an engineering de- 
sign problem A single ship might 
be made up of more than 500 welded 
assemblies which were made into 
over 50 sections 

The process was hard for any one 
man to visualize But every execu- 
tive from top-flight engineers to 
foremen had to see just how the 
ship would go together and just 
what his part of the job would be 

DRAWINGS AND MODELS-Some 

companies solved this problem with 
isometric drawings Others made 
plastics scale models Lofting to 
scale, as is done by aircraft com- 
panies, found its way into the ship- 
yards too But m every case there 
were clear lines and figures show- 
ing every operation And as so often 
is the case with industrial products, 
the best liked device was the scale 


model which the men could take 
apart and put together with their 
hands 

Meetmgs of design engineers, pro- 
duction engmeers, and foremen were 
held to discuss the drawmgs and 
models There was many a sugges- 
tion Here a change could be made 
to eliminate a weld m a tight corner, 
there a joint which was nearly in- 
accessible for weldmg could be made 
easy to get at 

Production methods were worked 
out just as carefully Flat horizontal 
01 “down position” weldmg is by far 
the fastest and easiest to do, there- 
fore it IS likely to be done best and 
to result m the fewest locked-up 
stresses By usmg materials han- 
dling devices, welding positioners. 
Jigs, and skids, some yards were 
able to do nearly 80 percent of their 
work m this position 

Automatic or “machme” weldmg 
was substituted for hand weldmg 
wherever possible There were two 
reasons for this One was the saving 
of time, the machme process can be 
seven times as fast as manual weld- 
mg on butt-welding operations, two 
to three times as fast on fillet weld- 
mg The other reason is that ma- 
chine weldmg IS more subject to ex- 
act control With it the human er- 
rors which lead to locked-up 
stresses could be reduced 

Experience showed that machine 
welding did not require the work to 
be completely level Provided the 
weld progressed up hill so that the 
puddle flowed away from the arc 
the work could be as much as eight 
degrees out of level in the direction 
of the welding and considerably 
more than that in other directions 
This mcreased the number of ma- 
chme-welding appkcations. 

Devices such as magnetic chucks 
to hold work, chiU bars, electromc 
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Tlia African Comet, first oll-wtided American patsenger-corgo ship 


controls, and so on increased the 
automatic control of weldmg and 
with It the certainty that the locked- 
up stress problem would be greatly 
reduced 

WELDING RODS— Experiments with 
larger-sized welding rods brought 
out a new technique which still is 
bemg developed The old theory 
was that the smaller the rod the less 
the heat and therefore the less the 
stresses But with larger rods the 
welding is faster and the heat is 
applied to any one point for a 
shorter time. The result of the 
higher welding speed is that ex- 
tremely high temperature is ap- 
plied to a far smaller area of the 
plate There is less buckling, less 
warping, less changmg of the size 
and shape of the plate, and therefore 
less residual stress. 

With all of these improved meth- 
ods the all-welded steel ship still is 
full of locked-up stresses But these 


SEARING ALLOY 

Backed Up by 

Steel Strip 

During the last few years the Ford 
Motor Company has developed and 
used a new type of engme bearing 
able to stand up under heavy loads 
at high speed In road tests, some 
of the new bearings and crankshaft 
journals showed no measurable 
wear at the end of 50,000 miles, ac- 
cording to Automotive and Aviation 
Industnee 

The bearing material is called 
**tri-alloy” and contains 35 to 40 
percent lead, 4^ percent silver, and 
the remainder copper. Bearings are 
made by a continuous process in 


stresses are small enough so they 
do no damage unless someone adds 
to them or throws them out of bal- 
ance 

And here is the final problem 
There is mevitably somebody want- 
mg to weld something to the plates 
of a completed ship, or cut some- 
thing off with a gas flame, or make 
a welded repair The brand new 
thermal stresses thus mtroduced 
often are enough to set loose the 
stresses of weldmg and warp or rup- 
ture a plate Such work has to be 
done by skilled men, men who 
know the forces with which they 
are dealing and can follow safe prac- 
tices 

In spite of its problems the all- 
welded steel ship has reached the 
point where m many respects it sur- 
passes anythmg else that ever has 
floated. Shipbuilders have their 
newest designs all ready And 
they know that with weldmg they 
can make their new ideas work 


which hot-rolled steel strip is 
pulled throu^ a coatmg bath of the 
molten alloy and thence through a 
die that leaves exactly the right 
amount of bearing metal on the 
strip 

MILLING CUTTERS 

Economically Made by 

Precision Casting 

^^NE of the fast-developmg uses of 
the lost- wax precision casting meth- 
od is for making high-speed steel 
millmg cutters. 

Millmg cutters of such hard steel 
are difficult and expensive to make, 
either by direct machining or by 
the inserted blade method. The pre- 


cision casting techmque has saved 
one automotive manufacturer thou- 
sands of dollars m the manufac- 
ture of thousands of millmg cutters. 

The precision-cast cutters are 
made to very close tolerances and 
require no finishmg, except sharp- 
ening of the cutting edges. 

SUTURES 

Made of Stainless Steel 

Exhibit Desirable Qualities 

T o THE list of metals used as 
“human hardware” — ^to mend and 
repair man’s fragile bones and jomts 
— ^has been added stainless steel 
sutures, made of a specially heat- 
treated chromium-nickel stainless 
steel called “Surgaloy” by its devel- 
opers, the Davis and Geek Labora- 
tories, Inc , accordmg to Vanadium 
Corporation of America 

The stainless steel wire has been 
used m sizes down to 0 003 inches m 
diameter and is non-absorbable, 
pliable, high m tensile strength, kink- 
proof, and non-breakable m this 
service, and can be easily tied into 
knots It IS also non-magnetic, cor- 
rosion resistant, electro-passive m 
body flmds, ^;nd well tolerated by 
body tissues It can be exposed to 
diathermy and X-rays 

The stamless steel sutures have 
been foimd ideal m surgery of 
nerves, tendons, thyroid glands, and 
herma, m plastic surgery, in bond 
surgery, and as dermal and tendon 
sutures 

VALVE FACING 

Improved by Use of 

New Alloy 

Higher-compression engmes, tak- 
mg advantage of new fuels, have 
created new problems for valves and 
valve-facing materials Today’s and 
tomorrow’s materials must be highly 
resistant to elevated temperatures, 
and especially to deformation and 
corrosion at operatmg temperatures 

For this heavy-duty service the 
Wilcox-Hich Division of Eaton Man- 
ufacturing Company has developed 
a new valve-facing alloy containing 
chromium, nickel, txmgsten, and co- 
balt The alloy is report^ to be 
superior in corrosion resistance to 
the cutting-tool alloys frequently 
used, although somewhat inferior to 
nickel-chromium facing alloy In re- 
sistance to deformation in the “red 
zone” above 1000 degrees, Fahren- 
heit, the new alloy (called “Eaton- 
ite”) is described as superior to 
other materials so far tested. 

Engine tests on heavy-duty L- 
head automotive engines and high- 
output supercharged aircraft en- 
gmes show the new material to be 
the best yet developed for such use. 
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Fe of steel products 

F 

increased by 4 to 1? 


r 4 









OUNDS impossible,” you say^ Well, before Pearl 
Harbor you would have been right 

Then something happened. A starthng discovery 
that means you may soon be able to buy washing 
machines, automobiles, hardware, many important 
metal items that can outlast any youVe ever owned 
before by 4 to 1^ 

^ . The discovery is CORRONIZING, a miraculous 

‘ new weapon agamst corrosion and rust Invented by 

scientists of the Standard Steel Spring Company, 
CORRONIZING is a new alloy “armor” that outlasts 
other rust^resisttng coatings for steel 

This IS no mere claim It has been proved in the 
war, on land and sea in eveiy kind of climate Pro- 
gressive manufacturers and retaileis will soon be 
able to bring you products made with “Corronized” 
steel Motor cai makers— always a step ahead— may 
be among the first to offer this sensational advantage 

So watch for the wonderful new products that will 
be made with “Coi ronized” steel They can defy rust 
keep their beauty and safety years longer in- 
crease the seivice you get foi youi money as much 
as 4 to 1 

Standard Steel Spring Co. 


Quick Facts for 

Manufacturing ami Sales Executive 

Do not confuse CORRONIZING with other metal coatings 
This patented process provides a permanent alloy ^armor** 
wuh 5 layers of defense against corrosion f It becomes part 
of the steel base can be worked in any manner Permits 
using lighter materials by prolonging steeVs period of great- 
est strength Write for samples and complete information 

STANDARD STEEL SPRING COMPANY 

CORAOPOLIS, PINNiYLVANiA 
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ELECTRONICS 


Conducted by KEITH HENNEY 


Electronics Afloat 


Radio Adds to Safety at Sea in Mony Ways. Radio Buoys Mork Chon- 
nels, Rodar is in the Offing, Radio-Telephones Help to Conquer 
Weather Hazards, Automatic Alarms Pick Up Distress Signals ond 
Warn of Fire Other Marine Uses of Electronics are in Being or Projected 


By JOHN AAARKUS 

Ansoclate Editor Electronics 


F irst action entry in the diary 
of maritime radio was made 
during the early morning hours of 
March 3, 1899, when the East Good- 
win lightship, off the shore of Eng- 
land, was rammed by the S S K F. 
Matthews Before this, a ship going 
to sea was alone from the time her 
masts sank below the horizon until 
she entered her next port or per- 
chance sighted another ship — alone 
with a fire, alone with the hull stove 
in after running mto shoals, alone 
when the wind blew a hurricane and 
mountain-high waves tossed her 
aroimd like a match m a whirlpool 
But on this history-making day tugs 
were on their way m a few minutes 
to tow the damaged ship out of 
danger, because four months earher 
Guglielmo Marconi had equipped 
the English lightship with wireless 
equipment and in her distress she 
had flashed her message of appeal 



Mldgtt Wtsltni Electric rodio-fele- 
phone let intolled on e merchont- 
monne troining ihip Units like this 
ere also widely used on pfeosure croft 


to South Foreland The age-old 
solitude and silence^pf the sea was 
broken by radio, forerunner of 
electronics 

The earliest ship transmitters were 
little more than a battery, a spark 
coil, gap, key, and antenna The re- 
ceivmg equipment recorded incom- 
ing messages on a tape by means of 
a Morse inker By 1902 the unre- 
liable inker gave way to magnetic 
receivers with tuned circuits and 
headphones for reception In 1907 
crystal rectifier receivers were 
brought into use The big spark-gap 
transmitters then were operating 
with a roar that could be heard for 
a mile and had a spark that looked 
like a thunderbolt 

The Poulsen arc transmitter was 
mtroduced to the United States in 
1911 and carried on until vacuum- 
tube transmitters were perfected 
shortly before World War I From 
then on, tube transmitters have 
gradually edged out earher types of 
eqiupment, and now the cAiangeover 
IS complete, except possibly for a 
few small ships still carrying spark 
equipment Today, tube equipment 
has an almost unlimited range on 
short waves 

Modem tube transmitters com- 
mand instant silence when they send 
out the mtemational distress call 

SOS ( . ^ adopted because 

of easy sendmg and recognition, not 
because the letters stand for “Save 
Our Ship”). Similarly, CQD, the 
first recognized distress signal, was 
formed by the addition of D for 
“Distress” to the general call CQ 
and did not mean “Come Quick 
Danger ” 

In the early days of radio naviga- 
tion, a ship got a position “fix” by 
tummg on its transmitter, calling 



Coast Guard type TB-113 buoy radio- 
beacon instolled near a harbor en- 
tronce Twin transmitters and their 
storage batteries are stowed below the 
waterline in a sealed pocket within 
the buoy The 15- foot verticol ontenna 
IS connected to the tronsmitters below 

land stations having direction-find- 
ing equipment, then holdmg down 
the sending key while these stations 
manipulated loop receiving antennas 
and determined the compass bear- 
ings of the ship with respect to their 
own positions They sent this infor- 
mation to the ship by radio. The 
navigator then drew lines on his 
chart corresponding to the bearings 
received from two or more widely- 
separated land stations and read off 
his position where these lines inter- 
sected All this took a lot of time 
Later, many ships were equipped 
with their own radio direction-find- 
ers and the process was reversed. 
The ships merely tuned in identi- 


222 


SaENTIFIC AMERICAN 


OaOBER 1945 



1ti« number on the ouriot from which 
smoke emerges in Hie Rich-Audio fire 
detection equipment for ships shows 
the location of the fire At the some 
time, the smoke interrupts o light 
beam to a photocell and an alarm is 
sounded Thus smoke can be detected 
visually, by smell, and by electronics 

fiable radio-beacon shore stations, 
determined the bearings of such sta- 
tions, and plotted their positions from 
these data Certain selected shore 
stations and lightships transmitted 
continuously for this purpose during 
fog or thick weather, constituting 
radio “lighthouses” or radio-beacons 

RADIO BUOYS—Ships attempting 
to locate the entrances to narrow 
channels when visibility is poor 
could theoretically use their radio 
direction-finders in this same man- 
ner Location of position by the in- 
tersecting Ime method is, however, 
often too slow where distances to be 
sailed are short and land is near at 
hand, or when in restricted chan- 
nels The inshore piloting problem 
has been very much simplified in re- 
cent years by the use of unattended 
radio transmitters housed in buoys 
anchored near channel and harbor 
approaches These latest Coast 
Guard radio-beacons guide ships 
through difficult waters when ab- 
normal conditions i educe the ef- 
fectiveness of lights, bells, and horns 
Pilots identify these radio buoys by 
their characteristic dot-and-dash 
code Ships equipped with direction- 
finders can tune in such radio- 
beacon buoys and use the signals 
emanating from them to ‘liome” 
on, riding down the radio waves to 
their source The course is set to 
pass safely clear of the buoys and 
avoid collision with them 
The radio-beacon signalling 
equipment for a buoy consists of a 
14-volt storage battery supplying all 
necessary operating power and 
capable of running the apparatus for 
three to four months without re- 
moval for recharging A pair of radio 


transmitters feed alternately into a 
15-foot moneLmetal antenna, and a 
motor-dnven flasher mechamsm 
keys each transmitter automatically 
and alternately at intervals and con- 
trols the buoy light characteristic as 
well 

The twin transmitters are a safety 
precaution, required because relia- 
bility IS essenti&l in navigation aids 
Failure of either transmitter would 



Smoke -aetecring cabinet with front 
panel removed to show the pipes going 
to various parts of the ship Large 
lamp in the ceffter provides the light 
that actuotes the photoelectric cell 

not put the buoy off the air, and 
such failure would be apparent only 
if it was noted that there were 
longer- than-normal periods of 
silence between transmissions from 
the automatic radio beacon 
Great Lakes shippers, equipped 
with the world’s most extensive non- 
military radiotelephone system, are 
now planning to use radai for fur- 
ther protection against the peculiar 
perils that beset their vessels 
The radar system is expected to 
minimize the danger of collision in 
blinding fogs of early spring even as 
the rad 10 -telephone has helped re- 
duce the hazards of wind and cur- 
rent The ship-shore telephone sys- 
tem has been developed to the point 
where it keeps 580 vessels in con- 
stant touch with each other, home 
offices, Coast Guard stations — any 
point with a telephone 
Because the sets are operated by 
navigation officers generally un- 
skilled in radio, fully automatic 
equipment has been developed for 
ship use Lifting the handset turns 
on the transmitter 
The channel appropriate to dis- 
tance and conditions is selected by 
dialing two digits, and the land call 
IS placed with the shore station op- 
erator Calls cost 75 cents, station to 
station, or 90 cents person to person, 
plus long-distance toll charges on 
land 

Ship-to-ship oalls are free because 


there is no way of metering them 
Shipmasters call each other fre- 
quently with queries on wmd and 
current conditions and other matters 
of schedule and navigation Weather 
reports are broadcast at frequent m- 
tervals throughout the day to all 
ships 

In another Great Lakes marine 
application of electronics, an auto- 
matic radio compass in the wheel- 
house of a Pere Marquette Railroad 
car ferry keeps pilots “on the beam” 
durmg shuttle trips across Lake 
Michigan Ship-to-shore radio-tele- 
phones are to be added to help direct 
the vessel’s movements in all kinds 
of weather 

AUTO-ALARMS — ^The inability of 
ships such as the historic Titanic to 
contact the nearest rescue ship be- 
cause its lone radio operator had 
just gone off duty underscored the 
need for continuous radio watch on 
all ships for safety purposes, and 
now auto-alarms are installed on 
all single- operator ships These are 
1 eceiving devices which will respond 
automatically to the international 
alarm signal sent by a ship in dis- 
tress, sounding an alarm to notify 
radio operators and deck officers 
that a distress call is on the air The 
international alarm signal consists 
of 12 four-second dashes spaced one 
second between dashes, sent on the 
international distress frequency of 
500 kilocycles The auto-alarm is 
chiefly intended for operation on 
ships carrying only one radio op- 
erator, but it may be installed on 
any vessel to guard the distress fre- 
quency during such times as the op- 
eiator on watch may not be listen- 
ing on that frequency 

The auto-alarm is placed in ser- 
vice by the radio operator during 
such times as he is not on watch and 
the vessel is under way Upon re- 
ceipt of an alarm signal, the auto- 
alarm will cause bells to ring The 
ringing of the bells also serves to 
indicate when the auto-alarm re- 
ceiving eqmpment becomes inopera- 
tive due to a failure of power or to 
the burnmg out of a tube Only two 
models of auto-alarms are found on 
ships of the American Merchant 
Marine, one is produced by Mackay 
Radio and Telegraph Company, has a 
mechanical selector for pickmg out 
the correct signals for response, and 
is installed on Mackay ship stations 
The other, having an electronic se- 
lector, is used on ship stations of 
the Radiomanne Corporation of 
America 

FIRE AT SEA — ^The addition of pho- 
toelectric smoke -detecting apparatus 
to the older Rich system for detect- 
ing smoke by siglit and smell pro- 
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vides for ships at sea an automatic 
fire-alarm system comparable in 
speed and effectiveness with the 
finest modern installations m build- 
ings 

Air samples from each protected 
space are drawn through individual 
pipe lines to the detecting cabinet, 
usually m the wheelhouse, by an 
exhaust fan The pipe outlets are 
positioned in concentrated beams of 
light that illuminate smoke particles 
and provide visual detection The 
air samples are discharged into the 
wheelhouse, so that smoke will also 
be detected by smell when present 

Each pipe line is provided with an 
automatically controlled solenoid 
valve that momentarily diverts the 
air sample to a long tube for photo- 
electric observation A light beam is 
directed through this tube to a pho- 
tovoltaic cell connected to a meter- 
type relay. 

A motor-driven selector switch 
energizes one valve after another at 
four-second intervals, and drives a 
number-wheel indicating which line 
is being diverted at any instant If 
no smoke is present, the number 
changes and another line is diverted 
for photoelectric inspection Smoke 
causes operation of the alarm sig- 
nals and stops the selector switch 
so that the number remains on the 
control panel to indicate the source 
of the smoke This Rich-Audio fire- 
detecting system is made for ship 
use by Walter Kidde and Company, 
Inc 

The United States Navy has long 
recognized the value of electionics 
in the conduct of warfare, with the 
result that the vacuum tube is now 
one of the most important weapons 
of our Navy 

The year 1923 was marked by the 
opening of the Naval Research Lab- 
oratory at Anacostia, D C New 
developments achieved here include 
the first high-frequency and the first 
ultra high-frequency radio sets used 
by the fleet, the first multiple-recep- 
tion radio system permitting the 
operation of a large number of 
receivers from one small antenna, 
the technique of producing quartz 
crystals for the frequency control 
of radio transmitters, the first 
crystal-controlled high-frequency, 
high- power transmitters (1924), 
special radio transmitting and re- 
ceiving equipment for the dirigible 
U. S. S Shenandoah, the sonic depth 
finder for measuring ocean depths 
from a ship under way, use of the 
hull and other parts of a ship's 
structure for the radiation of radio 
energy without a conventional an- 
tenna, an underwater some device 
to detect enemy submarines at con- 
siderable distances, and a system 
for the radio control df aircraft in 


flight that resulted in use of a con- 
siderable number of obsolete Naval 
aircraft as targets for anti-aircraft 
gun practice A host of other re- 
search projects can be added to this 
imposing list, including many of 
the latest refinements of radar and 
sonar 
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MARINE RADAR 

Will Give Navigators 

"AlhWeather" Byes 

\A/hat is probably the first practi- 
cal civilian use of radar is found in 
the General Electric “electronic 
navigatoi" that can detect through 
darkness, fog, and storm the posi- 
tion of any above-water obstacles, 
such as lighthouses, buoys, icebergs, 
derelicts, other ships, and land, at 
distances up to 30 miles, depending 
upon the size and shape of the ob- 
ject 

This device operates on the radai 
piinciple of ladio waves which are 
1 effected fiom objects and are meas- 
uied to give tiue beaiing and dis- 
tance of the object from the point 
of sending It will revolutionize 
“thick weather" navigation by pro- 
viding the maiinei with an instru- 
ment to plot a safe couise, even 
though his normal visibility is 



strongly limited by natural condi- 
tions 

The distances of objects from the 
ship are shown on the viewing 
screen of the electronic navigator 
in true proportions, being measured 
by a series of concentric “marker 
rmgs” electronically super-imposed 
on the picture screen According to 
General Electric engineers, the 
measurement of distance so given is 
accurate to 1 percfnt. 


Basis of the electronic navigator 
IS a rotatmg antenna, located on the 
top deck of the ship and analogous 
to a searchlight, in that it sends out 
beams to locate obstacles m the 
ship's path The difference, how- 
ever, IS that beams from the radar 
antenna, which are actually power- 
ful radio micro-waves, are capable 
of penetrating fog or any other at- 
mospheric conditions without hind- 
rance Moreover, they are sent out 
as “pulses" or surges of extremely 
short duration and at a very rapid 
rate 

As the radar waves locate an ob- 
stacle in the surroundmg waters, 
they bounce off and are scattered, 
no matter what material the object 
IS Some of these echoes — or scat- 
tered waves — will return to the ro- 
tating antenna, which also acts as 
the receiving antenna during the 
time intervals between the outgoing 
pulses After being amplified, these 
echoes are made to appear as bright 
spots on the face of a cathode-ray 
tube, which is somewhat similar to 
a television screen tube The image 
thus formed gives the operator a 



Ufl: Watclibig the sertts ol tlis 
•Itctronic noYigQror, firtt p««ce-Hint 
version of wor-fime rodor. Above: A 
phofogroph of the cothode-roy screen, 
showing how obstocles in the poth of 
the ship ore indicoted The operotor 
can interpret quickly the kind of ob- 
iects represented by the rodor spots 
ond their distonce from the ship 

“radar picture” of the obstacle, and 
the marker rings tell him how far 
away it is 

By controlling internal circuits, 
the operator may change the scale 
of the field to cover either a 2, 6, or 
30-mile radius Thus, when a ship 
IS sailing in the open sea, the op- 
erator will use the 30-mile range 
until an object approaches to within 
6 miles Then, by turning a knob on 
his radar set,, he is immediately pre- 
sented with a larger scale chart, the 
outer radius of which is 6 miles 
For very close work another turn 
of the knob provides a 2-mile radius 
chart on which objects may be ob- 
served down to about 200 yards. 
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PETROLEUM Conducted by WESLEY D. ARCHER 


Oil For Ships^ Turbines 

When Turbines Go to Seo, Lubrication Requirements ore Complicoted 
os Compored With Turbines on Land Water Becomes a Major Problem 
by Intensifying Such Undesiroble Feotures as Rust and Emulsification 
of the Lubricont. Con Petroleum Technology Keep Pace With Demands^ 


F ar different are the marine tur- 
bines of today from those which 
propelled the slups of only a gen- 
eration ago Early marine turbines 
were operated at low steam tem- 
peratures and pressures Since they 
were usually large and slow, lubri- 
cation was relatively simple Spe- 
cially refined oils were not re- 
quired and, furthermore, none was 
available. With the mtroduction of 
the newer alloy steels in the con- 
struction of m&rine steam turbmes, 
a rapid increase in steam pressures 
and temperatures was made pos- 
sible Present-day turbines operate 
at pressures of from 400 to 450 
pounds per square inch and, in 
some instances, 1250 poimds Sev- 
eral ships are now buildmg that will 
carry steam pressures of 1500 poimds 
gage The old cast-iron machines of 
yesteryear were limited to 350 
pounds pressure Temperatures to- 
day range from 700 to 850 degrees, 
Fahrenheit, as compared to 450 de- 
grees a generation ago 
The increase of steam pressure 


and temperature has depended on 
and has followed closely the de- 
velopment of materials* suitable for 
high temperature application While 
higher pressures and temperatures 
mean greater turbme efficiency, 
they brought problems in design 
which necessitated more elaborate 


and at the same time more effi- 
cient lubricatmg systems 
In early turbines the oil was used 
merely for lubrication, and its cool- 
ing function was of secondary im- 
portance Old type lubricants lacked 
stabihty toward oxidation and 
rapidly became inefficient through 


Right* Oil It 
tprayed evenly 
onto methfcig 
teeth of 
ropidly moving 
turbine gears 


Below These 
gigantic turbine 
reduction geors 
require same 
care In 

lubrication os o 
chronometer 
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deterioration As turbmes pro- 
gressed, even the better refined oils 
proved imsuitable under the severe 
and exacting operatmg conditions 
Deterioiation of the oil resulted in 
emulsification with water and de- 
position of sludge Such oils thus 
became unsafe for marine use As 
turbme designs called for higher 
temperatures and pressures, thus 
attaining greater turbme efficiency, 
the demands on the lubricatmg oil 
became more exactmg, they were 
required to not only lubricate but 
to act as highly efficient coolants as 
well The chemists of the petroleum 
mdustry, through the medium of 
modem refining processes and the 
use of additives, improved turbine 
lubricatmg oils to keep pace with 
mechanical progress In fact, some 
authorities now predict that the 
best grade of modem marine tur- 
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bine oils, if properly cared for in 
service, will last for the life of the 
turbine Contrary to the belief of 
many, lubricating oils do not wear 
out, they are rendered unsuitable 
for continued use by contamination 

SPECIFIC PROBLEMS- Lubrication 
of marine steam turbines presents 
problems similar to those encoun- 
tered m lubricating land turbines, 
except that condensation of mois- 
ture and infiltration of salt water 
into the oil system is greater in 
marme installations Also, the re- 
duction gears of marine propulsion 
units are lubricated by the same 
oil used in the turbine bearings 
Because of this, it is necessary to 
compromise m oil viscosity Hence 
a somewhat higher viscosity oil is 
used for marme turbines than for 
stationary land units An oil vis- 
cosity of from 300 to 500 seconds 
Saybolt Universal at 100 degrees, 
Fahrenheit, is generally used at sea 
today 

Marine turbines are essentially 
high-speed units, operating at from 
3600 to 12,500 revolutions per min- 
ute The rubbing speeds of turbme 
spmdles are among the highest 
found in heavy mechanical equip- 
ment Through finely finished re- 
duction gears, these high-speed 
prime movers turn propellers that 
lotate at only 90 to 100 revolutions 
per minute, although propeller 


speeds of 400 revolutions per minute 
are not uncommon 
Some of the most accurate mMU- 
facturing processes in heavy mdus- 
try are required to build marine 
turbines and gears The precision 
requirements are such that the big 
marme gears are cut m air-con- 
ditioned rooms so that temperature 
changes cannot distort the metal 
and affect the finish accuracy So 
delicately balanced are these gears 
that a pressure of one four-thou- 
sandths of their weight is sufficient 
to turn them Gears measuring 12 
feet in diameter and weighing 25 
tons are not unusual m marme pro- 
pulsion units These gears are ma- 
chined to limits within three tenths 
of a mil, or about one fourth the 
thickness of a cigarette paper 
Naturally, high speeds and close 
tolerances limit the viscosity of the 
lubricating oil that can be used Oil 
of high viscosity will result in im- 
necessary internal friction and in- 
creases m temperature generated 
withm the oil itselt This again de- 
mands that the lubricant show the 
least body change through the op- 
erating temperature range 

ATTRIBUTES OF OILS~-There are 
four important service factors m 
marme turbme lubricating oils the 
possibility of the oil being over- 
heated, the possibility of water 
contammation, the occurence of 


oxidation; and tha ultimate forma^ 
tion of organic acids and sludges. 

Only an oil that can withstand all 
of these adverse conditions is ef- 
fective in turbme lubrication It 
should readily separate from water 
with which it may come m contact 
and it should be of such viscosity as 
to function satisfactorily in the par- 
ticular size and type of turbine be- 
ing lubricated 

Marme turbine oils are so refined 
and processed that they are free 
from easily oxidizable compounds, 
dirt, or other impurities They are 
filtered through special clays or 
other purifying materials after they 
have been subjected to a number of 
special refining stages Anti-oxi- 
dants and anti-corrosion materials 
are added to improve stability In- 
cidentally, some of these additives 
are extremely expensive 

OXIDATION — Despite the selection 
of the best grades of crude petio- 
leum, the highest degree of refining, 
and the use of protective additives, 
however, a certain amount of oxi- 
dation will occur m turbme lubri- 
cating oil Petroleum, like all organic 
matter, will oxidize slowly m the 
presence of air This rate of oxida- 
tion can be successfully retarded 
and controlled 

The rate of turbine oil oxidation 
generally increases with a rise in 
operating temperature The impor- 
tance of temperature control is 
therefore obvious Oddly enough, 
low temperature operation can also 
produce disastrous results, such as 
foaming, formation of emulsions, 
and corrosion 

Severe churnmg, which occurs m 
gear cases, together with contamina- 
tion by extraneous impurities such 
as metallic particles, or water and 
diii:, accelerates oxidation of oils 
The rate of oxidation depends in 
gieat part upon the ability of the 
oil to resist the action induced by 
the impurities and upon the extent 
to which these impurities are pres- 
ent m the oil system Products of 
oxidation may be formed which are 
inert and have little or no detri- 
mental effect on the operation of 
the turbme But some deterioration 
products may produce sludge and 
deposits due to oxidized hydrocar- 
bons Such deposits may mterfere 
with the heat transfer m the oil 
coolers, foul the oil system, and, m 
severe cases, may result m inter- 
ruption of the oil supply to the 
bearmgs and gears, causing dam- 
age to the unit. 

Water in turbine oils induces for- 
tnation of rust, both black and red 
These metallic oxidbs, being cata- 
lytic, promote oil deterioration. The 
black oxides differ from the more 



Ck>ttrt*t7 a«ii«r*l Bectrio Company 

Looking down on o geored morine sftom turbine, with covers removed. In lower port 
of the photo IS shown g high pressure turbine, in upper pert o lout pressure tor> 
bine Lubrkotion of this high>speed, precision built machinery is an4ntricate problem 
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common scaly, amorphous red rust 
in that they are crystalline, mag- 
netic, and form most readily at ele- 
vated temperatures where excess 
air is present with limited moisture 
Consequently, black oxide is more 
frequently recognized on such sur- 
faces as governor pilot valves, op- 
erating cylinders, oil submeiged 
areas, and occasionally on the mam 
journals It is quite hard and 
abrasive and adheres to the sur- 
faces on which it forms Infrequent- 
ly it will be found that scales of 
red rust have been subjected to 
conditions that result in conversion 
to the much harder crystalline black 
oxide, which then presents the mul- 
tiple hazard of abrasion of bearings, 
stoppage of small orifices, and inter- 
ference with movement between 
parts having close clearances 

EMULSIFICATION — Water, in 
other ways as well, is the greatest 
source of trouble to marine turbine 
operation Water itself does not 
harm the lubi icant Its reactions 
with metals and oil deterioration 
pioducts, however, are most harm- 
ful Steam from leaking gland seals 
and condensation of humid air in oil 
tanks and gear cases are the most 
frequent sources of water contami- 
nation 

When water is churned with an 
oxidation stable oil, a mixture is 
formed which quickly separates in- 
to its component parts — ^water and 
oil Although limited oxidation is 
not in itself detrimental to the 
lubricating value of an oil, excessive 
oxidation will reduce the oiVs abil- 
ity to separate from any water that 
may be present The presence of 
diit and metalhc particles in the oil 
accelerate its deterioration through 
oxidation This results m perma- 
nent emulsification and causes the 
eventual formation of harmful de- 
posits and sludge 

Emulsions also impair the lubri- 
cating qualities of the oil In ex- 
treme cases actual rupture of the 
oil film will result, followed by in- 
evitable scoring of bearings and 
gear teeth Emulsified oil sludges 
deposited in the supply passages to 
bearings and gears may restrict oil 
flow, thus reducing the rate at which 
induced and frictional heat is re- 
moved Increased oil and bearing 
temperatures result m oil thinning 
and decreased film strength 

FOAMING — A characteristic of all 
oils when subjected to extreme agi- 
tation and churning is foaming 
Since this action has the effect of 
increasing the volume of the oil, it 
IS apt to overflow the reservoir and 
return oil lines, resulting in loss of 
valuable oil as well as creating a 


fire hazard If foaxmng oil is deliv- 
ered to the bearings, it may break 
down under pressure, with result- 
ing bearing failures In addition, 
foaming oil, presenting a much 
larger oil surface to air at elevated 
temperatures, increases the rate of 
oxidation 

TOMORROW? — ^The successful op- 
eration of over a thousand ships of 
our merchant marine, propelled by 
steam turbmes, is apt to overshadow 
the part American petroleum com- 
panies are taking in the manufac- 
tuie of lubricants essential in keep- 
ing these ships running under all 
conditions of weather and climate 
What faster speeds, higher tem- 
peratui es, and greater pressures 
manne turbines of the future will 
have no one can foretell, but as 
m the past and today, petroleum 
leseaich will imdoubtedly provide 
adequate lubricating oils for their 
safe and successful operation 

^ S ^ 

OIL RESOURCES 

increased by Research 
As Well as Drtllmg 

^^DVANCES over the past 25 or 30 
years in the techniques of recover- 
ing oil from its natural underground 
reservoirs have been great, Mr E 
Holman of Standard Oil declared 
in a recent article m The Journal of 
Commerce Thq^i, ^industry actually 
has *‘found” as much oil, by bring- 
ing about higher recovery through 
reseaich and engineering studies, as 
has been located by the drill This 
has been a real achievement 

It IS interesting to reflect that, 
around the time of World War I, 
recovery of 20 percent of oil m place 
was generally accepted as normal 
Today, in contrast, recovery of some 
80 percent of origmal oil in place 
IS regarded as possible in modem, 
efficiently operated fields — a four- 
fold increase Whereas in early days 
gas and water were considered only 
nuisances, today careful observation 
of reservoir pressure trends is stand- 
ard practice and the control of gas- 
oil ratio and the movement of edge 
and bottom water is recognized to 
be of paramount importance foi 
high ultimate yidd 
An important lactor in the prog- 
ress of this science has been the open 
discussion of new theories and find- 
ings before the several industry as- 
sociations and technical societies 
through which the results of var- 
ious laboratory and engmeenng 
studies were exchanged and com- 
pared The ensuing discussions, and 
even the controversies which arose. 


have served both to educate others 
and to spur work along new lines 
of thought 

HELIUM GAS 

Traces Movemenf of 

Underground Oil and Gas 

A NEW and valuable application for 
helium is currently being investi- 
gated by the United States Navy in 
co-operation with the United States 
Bureau of Mines, says Oil Weekly 
The new application for helium is as 
a ferret to trace the underground 
movement of reservoir fluids m gas 
and oil fields, thereby enabhng gas 
and oil producers to operate their 
properties more efficiently and to 
increase their recovery of these nat- 
ural resources 

This use of helium involves in- 
jecting it into the underground gas 
and oil reservoir at one or more 
caiefully selected locations, through 
well bores, and detecting its pres- 
ence in the gas and oil produced 
from adjacent wells The length of 
time required for the helium to 
travel from the injection well to 
each of the producing wells, and al- 
so the quantities of the injected 
helium found m each producing 
well, will enable petroleum engi- 
neers and geologists to determine 
reservoir conditions between wells 
and the pattern of drainage of the 
gas and oil through the porous res- 
ervoir rock Because helium is 
chemically inert it is uniquely val- 
uable for this purpose in that its 
identity, which can be readily de- 
termined by laboratory analysis, is 
not lost by combination with reser- 
voir rocks or fluids 

RAW MATERIALS 

Found by Dozens 

In Petroleum 

P ETROLEUM yields dozens of raw 
materials from which chemistry may 
build an infinite number of useful 
organic chenucals, Cary R Wagner, 
consultmg chemist, declared at a re- 
cent meetmg of the American Chem- 
ical Society. 

More than 200,000 different com- 
poimds have been produced from the 
dozen or more hydrocarbons found 
in by-product coal tar, he explained 
But he hsted 38 hydrocarbons, “only 
six of which are identical with those 
found in coal tar, which may be 
used as raw materials in manufac- 
turing orgamc chemicals from pe- 
troleum ” 

To find further raw materials, 
Standard Oil Company (New Jer- 
sey) IS planning to build two re- 
search laboratories costing $8,000,- 
000 
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AVIATION Conducted by ALEXANDER KLEMIN 


To Europe By Air 


With the Post- War Ero Now Upon Us, Americons Will Want to Go to 
See What is Left of Europe. To Many the Ocean Steamer is Too Slow 
But the Plons of the Big Transatlantic Airplane Componies Will En- 
able Anyone to Take a Vacation in Europe at a Surprisingly Small Cost 


T houghts of many Americans are 
now turnmg to a possible visit 
to Europe. So it is quite timely to 
speculate on what the airplane has 
to offer people who wish to fly 
across the Atlantic Ocean Will 
there be sufficient safety and com- 
fort, and will the fare be reasonable 
enough to make such a flymg visit 
to Europe possible for most people^ 

SAFETY — Perhaps the first question 
in everyone’s mind is — safety To 
anyone who has gazed at the wide 
expanse of the ocean from the deck 
of a steamer, especially during a 
storm, its vastness and power are 
apparent The would-be air traveler 


can well imagme the hazards of an 
emergency landmg m rough weather 
But for years exhaustive research 
has been made of climatic and 
meteorological conditions over the 
Atlantic Ocean, in Iceland, Green- 
land, Labrador, Newfoundland, and 
the Azores Flight engineermg sur- 
veys were made back in 1937, and 
smce the mauguration of transat- 
lantic service m 1939 much addi- 
tional data have been obtained to 
ensure the safety of such flights 


Among the first of such safety 
developments was the mauguration 
of the “multiple flight crew” by 
Pan-American World Airways In 
the Caribbean Sea operations of 
aircraft, a four engmed flying boat 
was manned by a standard crew of 
only four. For the more hazardous 
transatlantic flights, larger and more 
specialized crews were found to be 
necessary The primary personnel 
requisites of Atlantic flights are ex- 
pert direction of flight, piloting, 
navigation, control and care of 
power plants (engines), mamte- 
nance of commimications, and pas- 
senger service All are under the 
command of a captain who is ako an 
experienced pilot His duties and 
responsibilities are m a way equal 
to those of the captam of any huge 
surface Imer He holds the rank of 
Master of Ocean Flying Boats, is a 
qualified aeronautical engineer, a 
meteorologist, a radio operator, and 
a mechanic And above all, he is 
a man of courage, cool judgment, 
and decision Directly responsible to 
the Captain are five officers, special- 
ists m the primary departments of 
piloting, navigation, engineering, 


TRANSATLANTIC AIR SERVICE 

194S Summer Schedule 


USA —Newfoundland — Eir« — England ond connoctfons beyond 
Service operated with The Famous Four-Engine “Flying Aces” 
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Above A B-314 of Fon-Americon 
World Airways, now being 
used in tronsotlontic 
service 

Upper right A Voiight- 
Sikorsky Flying 
Ace of Americon Export 
Airlines 

Right The projected 
Consolidated-Vultee six- 
engined pisne designed 
to carry 204 passen- 
gers at 310 miles an hour 



communications, and passenger ser- 
vice Each of these five has a fully 
qualified assistant to relieve him 
durmg rest periods 
The crew have available to them 
every known navigational aid Drift 
of the plane, caused by side winds, 
is checked by the use of thin glass 
flasks containmg pulverized alu- 
mmum which, when dropped from 
an airplane, break on stxikmg the 
ocean surface and produce a bright 
silvery slick visible for miles This 
aids the navigator to check the 
plane’s ^^groimd speed” as well as 
the drift Celestial ^fixes’’ are made 
at least once every hour, dead reck- 
oning position IS computed every 
half hour, while radio bearings 
from direction-finder stations ashore 
or bearings on ships at sea provide 
an additional check 
Transocean aircraft like the B-314 
have four engmes, but can fly in- 
definitely on only two All engmes 
of the big ocean flymg ships are 
accessible by means of companion- 
ways built through the mterior of 
the wings This permits periodic 
inspection of the engmes during 
fli£^t, and, if necessary, repairs and 
servicmg Hundreds of such repairs 
and servicmg operations have been 
made durmg flights across oceans 
^Scientific Control of Flight” is a 
process by which the most efficient 
performance of the aircraft is 
charted on a course imder the most 
favorable flying conditions Before 
each Atlantic flight the crew as- 
signed to the plane, together with 
ground maintenance and service 
engmeers, put the plane through a 
series of flymg tests m which the 


air speed, fuel flow, engine revolu- 
tion cmd oil flow indicators, and 
other instruments mcludmg the 
compass are carefully checked 
Weather reports from all sources 
are obtained and a final weather 
map IS prepared for the flight 
Caieful computations of efficient 
speed and altitude, and of fuel con- 
sumption, yield the best three di- 
mensional flight path The flight- 
time analysis is checked during the 
actual flight by what is known 
among flying men as a “Howgozit 
Curve ” This scientific flight control 
IS kept up to date by continued re- 
search 

GROUND SERVICES~<The ground 
services which ensure the contin- 
ued safe operation of the great 
transatlantic aircraft are elaborate, 
their details carefully worked out, 
and the maintenance and over- 
haul service so thorough that a 
separate article would be required 
adequately to do it justice This 
ground service, plus efficient flymg 
technique, has made possible not 
hundreds but many thousands of 
Atlantic flights. Milhons of miles 
have been flown already, carrying 
thousands of passengers on sched- 
ule, as well as mail and air freight 
There have been one or two minor 
accidents, but when one considers 
the flight miles in comparison with 
railroad and steamship mileage, the 
comparison is favorable to the air- 
plane. 

The recent announcement of the 
availability of a flame-proof gaso- 
line for use in all passenger carry- 
mg aircraft transfiorts will increase 


the safety factor of ocean flymg to 
an unprecedented degree This new 
gasolme is as safe to handle as ordi- 
nary kerosme, and if a plane should 
crash mto the ocean, the danger of 
tons of gasolme spillmg and igniting 
is negligible Also, if fuelmg m the 
air IS adopted on transocean flights, 
it can be accomphshed with safety 
and minimum risk of fire. 

COST — A ride on the modern “Magic 
Carpet” is surprismgly cheap, as 
shown by the list of fares submitted 
to the Civil Aeronautics Board by 
the transatlantic flymg companies 
To London via Newfoundland and 
Ireland is $148, to Lenmgrad $167, 
to far-off Calcutta only $332 V/lien 
one considers the time saved and 
the never-endmg number of “tips” 
dispensed with, these fares are re- 
maikably low For luxury travel 
the airplane is much cheaper than 
first class steamer 
At present the flymg time from 
New York to London is roughly 
twenty-four hours, depending on 
weather conditions This time will 
be considerably reduced when and 
if jet-propelled planes are perfected 
for ocean travel In fact, it may be 
possible to fly westward at the same 
speed as the earth revolves, in which 
case a plane would leave London 
at, say, noon, and arrive in New 
York at noon the same day! But that 
is still in the future, although per- 
haps not so far off. 

TYPES OF PUNES— WhUe at pres- 
ent the two American companies 
engaged in transatlantic flights use 
flying boats, the Pan-American 
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World Airways using the Boeing 
314, and the American Export Air- 
lines the Vought Sikorsky Flymg 
Aces, the newer types will in all 
likelihood be land- planes This may 
sound surprismg, but there is ex- 
cellent justification for the selection 
of the land-plane As has been 
pomted out before, when four 
engines are jused, it is possible to fly 
on only two And with the new 
types designed to use six engmes, 
there is little likelihood of engme 
failure sufficient to compel the plane 
to alight on the ocean And if a land- 
plane should have to ahght on the 
water, it could remam afloat m a 
rough sea fully as long as a flymg 
boat However, a great safety factor 
is that transocean planes will fly 
over well frequented ship lanes and 
in the event of an accident which 
should necessitate the passengers 
having to take to the carbon- dioxide 
inflated hfe rafts, it would not be 
long before they would be picked 
up by one of the many passing 
steamships There would be little 
need for the use of the safety kits 
with which the rubber life rafts are 
provided These mclude fishing 
tackle, portable radio signalling de- 
vices, sunburn protection equip- 
ment, and so on 

The flying boat has, of course, the 
advantage that it can use coastal 
waters for take-off, so that when 
heavily loaded it is not impeded by 
the shortness of a runway In other 
respects the advantage lies with the 
land-plane which is faster, more 
economical to operate, costs less, 
and is cheaper to maintam 

Much mystery surrounds the de- 
tails of some of the new planes be- 
ing projected for transatlantic flight 
The Amex Model VII, as it is called, 
will fly 4000 miles non-stop at a 
cruismg speed in excess of 296 miles 
per hour. It will carry 108 to 125 
passengers, dependmg on the interior 
arrangements The largest is ap- 
parently the six-motored Consoli- 
dated- Vultee Aircraft Company’s 
plane, which is said to be able to 
carry 204 passengers at a cruising 
speed of 310 miles pcT hour Cabins 
will be supercharged, enabling the 
plane to fly at an altitude of 30,000 
feet, well beyond the reach of 
storms. Payload will be 50,000 
pounds at 4200 miles cruismg range 
Plying time to London will be a 
little more than nine hours This 
plane will be double decked, with 
loimges, rest rooms, and other fa- 
cilities for the passengers’ comfort 

Enough has been said to show how 
full of confidence and energy are the 
operators of overseas airlines In 
the not far distant future there will 
be unbelievable sdiMules, complete 
safety, an enormous increase m the 


number of travelers by air to 
Europe As far as busmess travel is 
concerned, flymg will be first choice 
And to those on pleasure bent, but 
with only a limited time at their 
disposal, the airplanes will be the 
answer Now a busmess man or 
woman who can only spare two or 
three weeks from whrk will be able 
to take a vacation trip to Europe, 
see most of the leadmg capitals, 
traveling in Europe by air also, and 
be back m the United States without 
overstaying the time limit This was 
impossible before the war Thou- 
sands will, thanks to the an plane, 
be able to visit Europe for the first 
time in their lives, and do so at a 
remarkably low cost But there will 
be many who will still wish to savor 
the luxury and freedom from care 
of a ten-day boat trip across the At- 
lantic in the heat of the summer as 
perhaps the very best part of the 
whole European trip 

0 ^ ^ 

SUPERCHARGER 

Built m Small Size 

Yet Highly Efficient 

REMARKABLE tuibo-compressor, 
engineered by Wright Aeronautical 
Corporation and no bigger than a 
hat box, is shown in a cut-away 
model being operated by W E Mc- 
Clure It is said to be lighter, more 
compact, and better adapted to vary- 
mg aircraft conditions than any 
previous model Withm its clam- 
shaped housmg, the exhaust of a 



Modi! of ''hot-box'' supercharger 


Wiight Cyclone 9 of 1200 horse- 
power will tum^the turbine of the 
supercharger at 25,000 revolutions 
per mmute and develop the equiva- 
lent of 150 horsepfower The tur- 
bine, in turn, will drive the com- 
pressor to provide grotmd level 


engine-operating conditions at high 
altitudes 

The beneficial effect of the turbo 
compressor on performance is well 
known, it is perhaps not so gener- 
ally recognized that it is also help- 
ful to passenger comfort The baf- 
fling of the exhaust in its surge 
through the turbo helps to reduce 
the noise level of the aircraft con- 
siderably, so that passenger fatigue 
IS reduced Also, the turbo com- 
pressor may be employed in cabin 
pressurization 

PRIVATE FLIGHT 

Will be Reasonable 

in Cost 

T HE NEW private planes will be 
safer, more efficient, more easily 
controlled than anything available 
before the war They may be pro- 
vided with only two controls (that 
IS, elevator and ailerons alone with- 
out rudder) and tricycle landing 
geais which will permit cross-wind 
landmgs 

But the question still remains 
How much will it cost to own and 
operate a private plane John W 
Fnedlander, president of Aeronca 
Aircraft Corporation, a pioneer in 
the development of the private 
plane, discussed the question in a 
paper presented before the Society 
of Automotive Engineers 

If the airplane is little used dur- 
ing a year, its cost of operation will 
be prohibitively high Thus, for a 65 
horsepower, two-seater airplane 
selling at $1500, cost per annum will 
be $641 for 50 hours flying, but the 
cost will be only $1286 55 for 300 
hours of flying pel year And 300 
hours seems to be a reasonable 
amount of use 

The actual distribution of cost, 
on a basis of 300 hours a year, is as 
follows Hangar, $180, insurance, 
$122 25, depreciation, $240, gas at 
25 cents a gallon and 1350 gallons a 
year, $137 50, oil, $16 60, inspection 
and miscellaneous repair, $300, 
overhaul, $90 

All these figures and the total it- 
self seem reasonable, but not cheap 
And what will be the cost per mile^ 
On a 300-hour basis, it will be about 
4^4 cents a mile, which also is rea- 
sonable but not cheap 

The greater costs of flymg are 
compensated for by its greater speed 
as compared with the automobile 
Mr Fnedlander has presented a 
most authoritative analysis of pri- 
vate plane costs It will be interest- 
ing to see how the public will 
finally act when, with the favorable 
factors listed above, there are 
coupled these reasonable, though by 
no means cheap, figures of opera- 
tional cost 
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CHEMISTRY IN INDUSTRY 


Conducted by D H. KILLEFFER 


Water — A Marine 


Problem ! 


Design of Boilers for Ships of the Future May be Rodicolly Affected 
by Present and Continuing Work of Chemists on Methods of Boiler Wa- 
ter Treatment. Proper Steaming Conditions Can Be Maintained Only if 
the Chemical Balance of the Boiler Water is Suited to the Instollation 


ByA C PURDY 


F resh water supply presents one 
of the gravest problems en- 
countered at sea No way yet has 
been found to utilize directly the 
boundless water of the oceans for 
many of the important needs of 
marme ti ansportation As a conse- 
quence, the hEuidlmg of fresh-water 
supplies IS a piime marme problem 
Water for steam boilers of ships 
must not only be conserved, but it 
must also be treated as necessary 
to minimize corrosion and to pre- 
vent scale and thus to give boilers 
the highest possible steammg effi- 
ciency Obviously, the results of 
such treatment conserve space, al- 
ways at a premium aboard ship, by 
saving both water and fuel 
Certam problems of modem high- 
pressure stationary plants may be- 
come acute in the marine field 
when pressures, temperatures, and 
ratmgs move upward in future 
ship design No radical mcreases m 
pressures, temperatures, and rat- 
ings have occurred recently in 
American merchant ship construc- 
tion Pressures of 350 to 400 pounds 
per square inch were typical of 1933 
construction, while 450 pounds per 
square inch is representative of 
present design, excludmg experi- 
mental installations such as the 
Examiner and some naval vessels. 

Durmg the decade 1923-1933 the 
theory and practice of water con- 
ditioning by control of chemical 
balance in the boiler water to pre- 
vent scale was developed and ex- 
panded m stationary installations. 
It was introduced into marme units 
in 1930 During this same period 
there was a rapid upward trend in 
operating pressures and steam out- 
put and square feet of heatmg sur- 
face per boiler unit in stationary 

Abstract of an addroM dalivored bafora tha 
Society of Naval Archltaota and Marina Rngl- 
nears Tha author la oonnectad with tha firm of 
Bull and Robarta. oonaulting abamlata 


piactice, which appaiently is related 
to these advances m water condi- 
tioning 

By controllmg the excess soluble 
phosphate in the boiler water, the 
scale-forming calcium and mag- 
nesium salts m the feedwater will 
be deposited as non-adherent sludge 
rathei than ' as adherent boiler 
scale Durmg the past ten years 
this use of phosphate for scale pre- 
vention has become quite generally 
accepted m marme boiler opera- 
tion 

Foaming and primmg probably 
gave moie trouble m the old Scotch 


boiler and reciprocating-engine 
installation than m present-day wa- 
ter-tube boilers However, it is still 
necessary to limit concentrations 
of dissolved and suspended solids, 
particularly the former, and of 
boiler water alkahnity to assure 
proper steammg conditions in mod- 
em installations 

The importance of maintaining 
adequate protective alkalinity in 
the boiler water is generally recog- 
mzed The best alkalimty range 
varies with the installation, the aim 
bemg to establish and mamtam a 
thm non-reactive iron oxide film 



OourtMy Bethlebfip StMl Company 

SS. Aintricon Export Lines in which mony experimentol enpine-room 

instollotions wife fried, including o boiler with 1200 pounds pressure per squore inch 
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OourtMy The Permutlt Company 


A few exompltt 
showing the effects 
of woter in 
boiler tubes and 
other ports of 
morine instollefions 
Scale IS 0 constont 
source of 
trouble to 
morine engineers 


between steel and water which pi e- 
vents any reaction between them 
However, the caustic concentration 
must not be so excessive as to pro- 
mote intergranular cracking of the 
metal or dissociation of the steam 
generated 

Of prime importance m prevent- 
ing corrosion is the satisfactory 
deaeration of the feedwater Gen- 
eral acceptance of the deaerating 
heater m modern marine installa- 
tions has been of great assistance 
When properly operated, several 
available types have given excellent 
results 

METAL CRACKING-The basic 
factors causing boiler metal crack- 
ing are static or dynamic stresses 
actmg in conjunction with corro- 
sion The corrosion may result from 
caustic or acid water conditions or 
from dissolved or bonded oxygen, 
and it can be retarded by water 
conditionmg Static stresses are m- 
herent m the boiler as erected while 
dynamic stresses are set up by op- 
erating conditions 

Experience and study have estab- 
lished that caustic embrittlement of 
boiler metal can take place only 
when the following conditions exist 
simultaneously: A boiler water 
whichy when concentrated, is em- 
brittling; sufficient stress in the 
boiler xaetal; concentration of the 
boiler water to a high degree, con- 
tact-of the concentrated boiler water 
with the stressed melal 

Two general methods for the 


chemical prevention of embrittle- 
ment have been suggested In- 
hibitors such as sodium mtrate or 
tannin may be added to the boiler 
water Tannin is effective only at 
relatively low pressures — ^below 
400 pounds per square inch,* but 
the efficiency of these inhibitors has 
been well established Metal em- 
brittlement also may be controlled 
by preventmg high caustic con- 
centration This may be done by 
eliminating free caustic and con- 
trollmg the protective alkalinity in 
the boiler water by means of various 
salts, such as tri-sodium phosphate 
The concentration of caustic may 
be controlled also by the presence 
of a highly soluble salt which will 
concentrate with the caustic soda 
and thus dilute it Chlorides are 
salts of this type 
Fortunately, failures due to mter- 
crystallme crackmg of metal have 
apparently been very rare in marme 
boilers It has been reported that 
the Umted States Navy has never 
had a case of this sort, 

AS PRESSURES RISE-At pressures 
below 500 pounds per square inch, 
control of the phosphate balance 
prevents scale effectively and the 
efficient operatipn of deaerating 
heaters in conjunction with control 
of boiler water alkalinity prevents 
corrosion. Embrittlement has not 
been encoimtered in marine opera- 
tion at these pressures and reason- 
ably low alkalmities. But this does 
not mean that the problems of 


boiler watei conditioning are a 
closed book Stationary plant ex- 
perience with higher operating 
pressures, supplemented by marine 
experience of some two and one- 
half years with the Examiner using 
pressures up to 1200 poimds per 
square inch, confirms the wisdom 
of resisting a temptation to stand- 
ardize and to freeze the develop- 
ment of boiler water treating and 
testing methods Progress must be 
made to meet the new problems of 
higher pressures, temperatures, and 
ratings 

As operatmg pressures rose above 
600 pounds per squaie inch, a new 
group of siliceous deposits began to 
appear The control of the phosphate 
equilibrium is not effective m pre- 
venting deposition of sihca and so- 
dium silicate, or sodium-aluminum 
and sodium-iron silicates. It became 
necessaiy to hold silica and alumina 
in the boiler water to a mmimum 
and to limit, if possible, through 
boiler design and operation, the rate 
of heat input to the boiler surfaces 
This approach has proved helpful 
but not always entirely satisfactory 

Corrosion of boiler surfaces by 
dissolved oxygen carried mto the 
boiler by the feedwater has ceased 
to be a major problem on marine 
installations equipped with a prop- 
erly functioning deaerating heater 
However, the boiler water itself 
contains 88 9 percent of oxygen by 
weight bonded to hydrogen in the 
water molecule. Conditions under 
which this oxygen may be liberated 
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and combined with the boiler metal 
occur with greater frequency in the 
higher rating and temperature 
range of high-pressure boilers Only 
a narrow band of optimum protec- 
tion exists at 590 degrees, Fahren- 
heit, (1418 pounds per square inch) 
with attack on boiler steel increas- 
ing with a rise in either alkalinity 
or acidity With proper boiler water 
control, acid attack may easily be 
prevented, but certam operatmg 
conditions may give high local con- 
centrations of alkalinity and oxida- 
tion of the boiler steel by oxygen 
from the water molecule This may 
occur m areas of steam blanketing 
or film boiling where the boiler wa- 
ter is highly concentrated, and con- 
tinued attack causes grooving or 
channeling with ultimate failure of 
the tube 

As pressures rose above 1000 
poimds per square inch and sta- 
tionary boiler designs called for 
higher ratings and higher rates of 
heat absorption, the limitations of 
considering boiler watei problems 
only from the standpomt of chemi- 
cal balance become evident A new 
approach is necessary, and it ap- 
pears to lie in a closer study of 
what actually happens as the boiler 
water traverses those surfaces 
where steam is generated Here the 
water must absorb heat from the 
boiler tubes which receive it from 
furnace temperatures of 2000 to 2500 
degrees, Fahrenheit, and must pass 
it on fast enough so that the tem- 
perature of the external surfaces of 
the tubes will not exceed 800 to 900 
degrees, Fahrenheit 

CONCENTRATION OF SALTS- 

As steam bubbles form on the 
heating surfaces, the question arises 
as to whether the film of boiler wa- 
ter concentrating around the bubble 
will evaporate to dryness and de- 
posit its salts in solid form on the 
tube surface 

To resolve the question of deposi- 
tion of concentration of salts under 
the steam bubble, it is necessary to 
know whether the overheating at 
the tube surface is sufficient to 
raise the temperature of the boiler 
water at the interface between 
steam and water above the boilmg 
pomt of a solution saturated with 
respect to any of the salts present 
If the temperature of the film at the 
interface is greater than the boil- 
ing point of a saturated solution of 
one of the salts present, then to 
establish equihbnum that salt will 
start to deposit Consider, for ex- 
ample, the behavior of sodium 
chloride, potassium chloride, and 
sodium sulfate in a boiler operat- 
ing at 1800 poimds per square mch 
The boiling points of saturated so- 


lutions of these salts (at 1800 
poimds per square mch) are 692, 
745, and 625 degrees, Fahrenheit, 
respectively The overheatmg which 
would result in deposition under 
steam bubbles in an 1800 pounds 
per square mch boiler (boiler wa- 
ter temperature 621 degrees, Fah- 
renheit) wou^ be 71, 124, and 4 
degrees, Fahrenheit, respectively In 
other words, if the overheatmg was 
10 degrees, only sodium sulfate 
would deposit, while, if it was over 
71 degrees, Fahrenheit, both sodium 
chloride and sodium sulfate would 
deposit, but potassium chloride 
would not begin to deposit until 
the overheatmg exceeded 124 de- 
grees, Fahrenheit 

The significance of this approach 
to high-pressure boiler water prob- 
lems lies m the fact that once suf- 
ficient data have been acqmred, it 
will be possible to predetermine 
whether a boiler water on concen- 
tration will finally become satu- 
rated with one or all of the salts 
present and ^en, by adjustment 
of the relative concentrations of 
these salts, to force the solution to 
behave as desired 

One of the first fruits of this study 
has been the unexpected discovery 
that many potassium salts behave 
much moie favorably than the cor- 
responding sodium salts It has also 
become evident that proper control 
of boiler water will permit concen- 
tration of other salts simultaneously 
with caustic, thus inhibiting alkali 
attack whether it results m em- 
brittlement or becomes a contribu- 
tory factor in coriosion by bonded 
oxygen 

It IS necessary to emphasize again 
the fact that the chemistry of boiler 
water is a constantly developing 
science in which many able re- 
search men are co-operating with 
boiler designers and operators to 
give the latter the gieatest possible 
latitude in design and operation for 
increased economy Developments 
in this field may ladically affect 
marine boiler design in the future 


^ ^ 


POLARIZER 

Uses Large Sheets 

To Good Advantage 

Examinations by polarized light to 
reveal strains m structures of vari- 
ous kinds can now be more con- 
veniently made in a new instniment 
embodying Polaioid sheets The 
polarizmg sheets are mounted sep- 
arately between glass plates and 
so arranged that one is stationary 


over the light box while the other 
can be moved through eight inches 
parallel to it The plates are about 
12 inches square, which contrasts 
with the calcite pnsms of less than 
a square centimeter m cross section 
that were formerly available 

X-RAY ABSORPTION 

Gives New Tool to 

Chemical Analysis 

S hooting a beam of X rays through 
an unknown substance and measur- 
mg how much of the radiation is 
absorbed thereby is a rapid means 
of chemical analysis recently de- 
veloped The method, which can be 
used with gases, liquids, or solids, 
hot or cold, is expected to find ex- 
tensive application 

X-ray absorption as an analytical 
method is made practical by a photo- 
electric X-ray intensity meter de- 
veloped in the General Electric Re- 
search Laboratory, where the 
method was developed The invisible 
X rays fall on a fluorescent material, 
which becomes lummous where they 
strike This material, called a phos- 
phor, is painted on the glass en- 
velope of a phototube of the multi- 
plier type 

With such a tube the light from 
the phosphor falls first on a sensi- 
tized surface withm the tube and 
electrons are emitted These elec- 
trons fall on a second surface from 
which still more electrons, in larger 
quantities, are discharged They fall 
on a third surface and the yield is 
still further increased Then even 
more stages are used Thus the elec- 
trons are multiplied and those from 
the last stage result in a small elec- 
tric current which can be amplified 
still more with other electron tubes, 
and measured with an appropriate 
meter Amounts of light with energy 
equal to only one ten bilhonth of 
a watt can be measured easily and 
accurately in this way 

The photoelectric meter can meas- 
ure very weak mtensity X rays and 
also can detect extremely slight 
variations in their intensity. For ex- 
ample, if the X rays are passed 
through a pile of 100 sheets of paper, 
the difference m absorption caused 
by the addition or removal of a 
single sheet produces a noticeable 
effect 

In the analytical method, whldi 
has thus far been set up only ex- 
perimentally, the solid or liquid 
sample is placed in a glass cell % 
mch in diameter and 6 inches long. 
For gases a two foot cell is em- 
ployed The current from the photo- 
tube is amplified and its intensity 
lead on a meter Comparisons are 
made of the absorption of the cell 
with and without the sample 
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HIGHWAY TRANSPORTATION Conducted by LESLIE PEAT 


Motor Cars Tomorrow 


Rear-Engine Vehicles are Possibilities, but Most of the Rodicol Changes 
in Motor Cars are Still in the "'Air Brush" Stage Inroads of Foreign 
Cars are not Feared, and a New Drive is on to Populorize Small Cars. 
But the "Big Three" Will Probably Have the Last Word 


A lthough most of the automo- 
biles which are already m 
production and which will be com- 
ing off the assembly lines within 
the next few months will be only 
slightly revised editions x)f 1942 
models, Detroit and other auto- 
motive centers are seething with 
rumors of radically different de- 
signs Reason for few changes in 
the large production models is be- 
cause the mdustry is just as anxious 
to get, and collectively probably 
more interested m getting, mto pro- 
duction than are prospective new 
car owners Any basic or radical 
change would delay gettmg cars into 
the hands of the manufacturers' 
dealers. 

At the moment it appears that 
anythmg as radical, for example, as 
moving the engine to the rear of 
the car will be left to the more 


fanciful newcomers into the busi- 
ness However, the possibility of 
the combination of the reputation 
of Graham-Paige and the dramatic 
name of Henry Kaiser might have 
some hand in a fairly early intro- 
duction of a rear-engmed car A 
version of William B Stout's 
‘‘Scarab” is likely in this combina- 
tion since Mr Stout has been re- 
tained by the Giaham-Paige Cor- 
poration, as a consulting engineer 
He is the country’s leading ex- 
ponent of this design 
Joseph W Frazer and Mr Kaiser 
have announced the formation of 
the Kaiser-Frazer Corporation, 
the idea being that the dynamic 
west-coast dam, bridge, highway, 
and shipbuilding executive may have 
an automobile named after him Mr 
Kaiser's steel and light-alloy facili- 
ties, marine propulsion, and other 



engineering interests make his pro- 
nouncements about the car of the 
future somethmg with which to con- 
jure, particularly because of his 
faith in the unbounded future of 
the west He will probably make 
every effort to establish whatever 
peacetime industries he can to ab- 
sorb his steel and light-metal pro- 
duction His notable record for war 
production, and his excellent repu- 
tation as a doer of big thmgs be- 
fore the war, augurs well for some 
interesting news from his direction 

WHAT PUBLIC WANTS -The 

American motor-car buyer has 
demonstrated that a large package 
and good looks are more to be de- 
sired than a smaller and more eco- 
nomical vehicle, although the 
W illys - Overland "de-mil itarized” 
Jeep IS expected to have a great 
popularity as a farm and mdustry 
utility vehicle No car has ever had 
such favorable public acceptance as 
the Jeep, and numberless stories, 
told in words and pictures, have 
made Jeep a household name 
throughout the world All of this 
good will can be counted upon to 
help meichandise this vehicle 

Apparently Powell Crosley, Jr, 
thmks there is a good market for 
small cars in the United States He 
recently sold the controlling m- 
terest of Ciosley Corporation to 
Aviation Corporation, with the ex- 
ception of the automobile division 
He announced that the post-war 
Crosley car will be a few inches 
longer than the pre-war model, and 
will be powered by a four-cyhnder 
instead of a two-cylmder power- 
plant But gasoline consumption and 
the total weight of the car will be 
about the same, he estimated He is 
gamblmg against the "large pack- 
age” boys 

Few Detroiters fear the inroads 
of British automobiles, which are 
already in production Despite re- 
ports to the contrary, British and 
European manufacturers have failed 
to grasp the economic advantages 
of mass production to the extent 
that American manufacturers have 
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SEKSITlMil WIl MB6AIES 


^ LENSES « PRISMS 



SILVERED TANK PRISM 

«0 45-45 decree, 5%*' long, 2%^ wide, finely 
ground and poliabeiL Wotdd normally retail from $24 
to $30 ead) 

Sltwk #3004 S , $200 each Postoald 

(Illuftrated booklet on Prisms Included FREE) 
FOUR SILVERED TANK PRISMS— 

^ ^ SPECIAL $7 00 

Postpaid This is the most sensational bargain 

wo (ff pr been able to offer 

HOLD PRISM IN SUN'S RAYS 



TANK PRISMS 

In order that the tank driver ahall not get 
Bhot In the face. 2 of these Silvered Prisma 
are used to make a Perlacope We have se- 
cured a number of these that are very 
slightly chipped, making possible their sale 
at a very low price They are 00-45-45 de- 
gree Prisms of huge size 5%'* long, 2 ^** 
wide, finely ground and polished Used to 
build a Periscope . excellent also for ex- 
periments. class-room demonstrations. Some 
of our ingenious customers have used these 
prisms tb make camera stereo attachment, 
range finder, etc Prism easily converted 
into desk name plate by affixing gold letters 
100 supplied at only 10c (Order Stock 
#3008-8) Normally these Prisms would re- 
tail from $24 to $30 each 

SEE THE COLORS OF THE SPECTRUM 

It's eaay to remove the silvertng from a silvered 
prism to make an interesting experiment Hold 
prism in aun'i rays as shown in drawing White 
incident light which passes through nrism is thus 
broken up into a band of primary colors known as 
the spectrum — a beautiful sight* By looking through 
® f^nk prism at a certain angle, you can sec a 
world of colors everywhere Truly amazing! 


Alt It€m» Finely Ground end Polished 
hut Edges Slightly Chipped or Other 
Slight Imperfections Which We Gimt- 
antee Will Not Interfere with These 
Use. Come Needy Pecked end Merked. 

YOU CAN EASILY MAKE 

Telsscopes, Magniflsrs, Photographic Gadgets and 
Hundreds of Exptrimonts with Mms Low Cost 
Lenses 

To translate millimetw measuraments 2S4 mm 
equals one inch 

8 MM MOVIE PROJECTING LENS SET— Consists 
of 2 Achromatic Lenses, Dlam 15 mm and a FL. 
wiien combined of approx one Inch Each lens has 
the new magnesium fluoride low reflection coating 
Stock #4011 S $l 40 Postpaid 

POLAROID (Dyed to reduce light transmission) — 

Suitable for Experimentation 

Consists 2 discs — 2%'' Dlsm Some Imperfections In 

glass 

Stock #622 S $1 00 Postpaid 

12-POWER COLOR CORRECTED MAGNIFIER SET 
— Consists of two 15 mm dlam magnesium fluoride 
low reflection coated Achromatic Lenses and section 
of metal tutiing for mount 

Stock #1029 S , $1 50 Postpaid 


SPECIALS IN LENS SETS 

Set #1 S — “Our Advertising Special" — 15 lenses 
for $160 Postpaid, plus 10-page Idea booklet For 
lopylng ULTRA CLOSE-UP SHOTS macrophotography, 
experimental optica, magnifying and for making a two 
power f/16 Telephoto Lens, **Dummy Camera ' Koda 
chrome Viewer, DBTACHARLB REFLEX VIEW FINDER 
for 35 mm cameras, stereoscopic viewer, ground glass 
and enlarging focusing aids TELESCOPES, low power 
Microscopes and for many other Ubcs 

Set #15 S — “The Experimenter’s Dream" — 62 
Lenses, Prisms and Optical Items, and New 50 page 
Bfok, “Fun With Chipped Edge Lenses” $15 00 Post- 
paid The variety of Lenses and Prisms In this set will 
enable you to conduct countless experiments, build a great 
variety of Optical Equipment A sensational buy 


NEW 50 PAGE IDEA BOOK “FUN WITH 
CHIPPED EDGE LENSES” 

Contains wide variety of projects end fully covers the 
fasclnaling uses of all Lenses In sets listed above 
only $1 00 Postpaid 


RIGHT ANGLE PRISMS 


Stock No 

Width 

Length 

Price 

3040 S 

23 mm 

33 mm 

$100 

3041 S 

40 mm 

56 mm 

200 

3042 S 

40 mm 

41 mm 

100 

3043 S 

54 mm 

78 mm 

100 


MISCELLANEOUS ITEMS 

stock No Item Price 

3006 S — Form Abbe Prism Rvh $0 25 

3016 S— Pentagon Prism Earti 75 

2024 S— 10 Pieces Circular A-1 Plate Glass 

(Dlam 81 mm — for making Filter) 25 

3001 S — I ens Surface l>rlsm Each 2 00 

3021 S — Amici Roof Prism (3rd Grade) Bach 25 

4009 S— Heat Absorbing Glass 4" x 5'' Each 35 

4010 S— Heat Absorbing Glass 2^* x T Bach 10 

2020 S— 40 mm. Nag Lens. (hi» Lines Bach 25 

3020 S — 'Right Angle Prism mm wide (8rd 

grade) Bach 35 

523 S — Six Threaded Metal Reticle Cells 25 

26 S — First Surface Alumlrrtxed Mirror, Dlam 

154'' Bach 25 

624 S— Neutral Ray Filter, sixe 4%" x 254” 25 

3022 S — Round Wedge, 05 ram Dlam Bach 5 00 
3036- S-— 'Roof Prism — 80 degree, fare 1%'^ 

wide Each 4 00 

22 S — Inclinometer — 'Aircraft type Each . 25 

704 S — I,ens Cleansing Tissue, one ream (480 

vliet'ts), size 754" x 11" 150 

6002 S— Educational Set, 1 blank and 1 finished 

Porro Prism (3rd grade) .. 25 

1028 S— 8 Power Mounted Magnifier Each 35 

1030 S — 2" Dlam Reducing Lens Each 25 

1031 S — Perfect 6 Power Magnifier Dlam 28 mm 

Each 25 

2043 S — htanilard Crossline Reticle Dlam 20 

mm Bach 50 

1034 S— Burning Glass Lens Bach 25 

Minimum Order on Above — $1 00 


LENS FOR KODACHROME EYE VIEWER 

Color corrected cemented lens 41 mm 
dlam , 00 ram F L 

Stock #6116-S $100 Postpaid 


PERFECT ACHROMATIC TELESCOPE OBJEC- 
TIVE LENS Dlam 1% Inches, F L 20 
Inches 

Stock #6091-S , $5 00 Postpaid 


CLEANING BRUSH SET For Lenses, 

Optical Instrumenls, etc Perfect quality — 12 
inch Flexible Plastic handle, hollow circular 
const Range from stiff to very soft 4 Brushes 
to set 

Stxk #504 S— (Reg $0 00 value) ;>rlce $1 00 


WAR 

SURPLUS ACHROMATIC 

Dl*. F L 

LENSES 

Stock No 

in mms. 

In mms 

Comments 

Price 

6017 S* 

12 

80 ^ 

Ctinented 

50c 

6019 S* 

15 

41 

Cemented 

60c 

6023 S* 

25 

95 

Cemented 

75c 

6078 S* 

33 

140 ^ ^ 

Uncemented 

70e 

6081 $♦ 

35 

55 

Uncemented 

70c 

6082 S* 

87 

57 

Uneemented 

70c 

6084 S* 

41 

66 

Uncemgnted 

70e 

6085-S 

45 

135 

Uncemented 

$100 

6086-S* 

49 

75 

Uncemented 

90c 

6089S 

66 

90 

Uncemented 

$100 

6111 S 

16 

36 

Cemented 

75c 

6116 S* 

41 

66 

Cemented 

$100 

ASTERISKED ITEMS may 
Magnesium Fluoride coating 

be requested with new 
at lOc extra 

low reflection 


RIGHT SIDE BINOCUUR BODY New Plastic 
cpvering over metal from Navy's 7 x 60 blnoculir 
Stock #802 S $7 50 Each 

RETICLE SET Five aasorted, finely engraved 
rectlcles from U S Ounsights Among others con- 
tains a Cross Line Reticle with perfect pin point 
hole In center Very useful to astronomical mirror 
makers for testing Worth several dollars eaeh 
Stock #2035 S $1 00 Postpaid 

ACHROMATIC TELESCOPE OBJECTIVE LENS 
Dlam 48 mm , F L. 11 Inches Edged but not 
cemented 

Stock #6039-S * $1,00 Postpaid 

MAGNIFIER SET . 5 Magnifying Lenses 

Powers from 1 to 10 Various dlam for 
many uses Free Booklet on Home-made magnifiers 
Included 

Stock #1026-$ . . $200 Postpaid 


COLOR FILTERS 


Red and 1 

Yellow FUler in 

following Dlam 

20 mm 

(seconds) 

40c 

32 6 mm 

(seconds) 

. 70e 

37 mm 

, . (seconds) 

70c 

45 6 mm 

(seconds) 

90e 

31 mm 

(seconds) 

70® 


(Minimum Order on Abova-<-$l 00) 


RAW OPTICAL GLASS An exceptional oppor- 
tunity to secure a large variety of Optical jneces 
both Crown and Flint gUss (seconds) in va^g 
Htagca of processing Many prism blanks 
Stock #703-S— 8 lbs (minimum 


Stock #702-3-154 lbs 


I Postpaid 
$1 00 Postpaid 


TANK PERISCOPE 


Complete Set Mounted Components 
Rugged strong, originally constructed for TJ 8 
Tank (orps Consists of 2 fine Periscope Mirrors 
mounted in meUl and plastic. Perfect condition. 
Only plywood body frame la required to finish this ex- 
rtptlonal Periscope First surface mirror is well pro- 
tected by glass windows Set weighs 254 lbs. 
Overall length of mount 654”* Width 254" Would 
normally retail at $40 to $50 


Stock #700-S 
Two Sets <4 UNITS) 


$3 00 Complete Set Postpaid 
, SPECIAL $5 SO Postpaid 


OMER BY Sir Ok STOCK NO. , SATISfACTlOK CUABANrifO. 

EDMOHD SALVAGE COHT A]IT*p.i.>nm.K*jB 
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Roy RusmII, Industrial designer, conceived and built this Quadrotic Drive cor with 
reor engine A hydraulic system eliminates the clutch, tronsmisslon, drive shoft, uni- 
versol joints, differential, rear oxle housing, oxles, and brakes. The engine drives a 
multiple hydraulic pump of vorioble pressure copoclty This pump forces hydraulic 
Hutd through flexible couplings to oil four wheels, in eoch of which is mounted a 
hydraulic motor. Broking power is opplied through regulotion of the speed of the 
hydraulic fluid moving through the motors The builder of this cor (which is not yet 
in production) clolms 12 percent cheoper operation thon other cors of similor weight 


done. The result is that, even in the 
face of lower hourly wages, these 
British and European vehicles are 
more expensive than low priced 
American automobiles Several 
months ago materials for the British 
motor-car industry were released 
by that Government, and some of 
the plants, such as Austin, are in 
full production The American mai- 
ket will probably absorb all the 
British cars that are offered, for a 
while, in spite of a high price But 
as soon as the “big three” — Chevro- 
let, Ford, and Plymouth — and 
others m the low and medium 
priced fields, get into production 
at pre-war volume, imports of for- 
eign cars are expected to fall off 
rapidly 

The next important change in 
power-plant design apparently will 
be a combined reciprocating in- 
ternal combustion engine hooked up 
with a high speed turbme, the lat- 
ter to turn the former’s exhaust 
gases into propulsive power A 
great deal of experimental work 
has been done on this type of 
engme, but little has been divulged 
about it publicly Not long ago sev- 
eral Army Ordnance and Navy of- 
ficers discussed its possibilities, but 
feared that not enough work has 
been done to expect that such an 
engine would get into early produc- 
tion However, development work 
is continuing 

HIGHER EFFICIENCY-In general, 
automotive engineers appear to be 
satisfied with the present mtemal 
combustion engine However, there 
are some exceptions and men such 


as C F Kettering, head of General 
Motors’ far-flung research projects, 
think that only th^ surface of the 
problem of more efficient engines 
has been scratched “Boss Ket” 
envisions not only new fuels, but a 
better understanding of fuels by 
engine designers, -and a better 
matching of fuel characteristics to 
the engme of tomorrow 
But automotive engineers every- 
where are expecting considerable 
improvement in motor-vehicle 
transmissions The fluid flywheel 
brought out by Chrysler, and Olds- 
moblle’s “hydra-matic” automatic 
transmission, are held by a number 
of men to be only the beginmng 
in improving the power-transmis- 


sion Imk between engme and rear 
axle At least a dozen organizations 
are working on this problem, and 
several engineers have concluded 
that simpler automatic gear shift- 
ing will be justified by popular de- 
mand even if the actual efficiency in 
operation takes a setback 
A wealth of developments in 
power transmission, ideas which 
have been borrowed from such in- 
dustries as the machine tool and 
industrial power transmission, form 
an interestmg background for ve- 
hicle transmission improvements 
Although the basic principles of 
hydraulics have been long known, 
some of the newer control valves 
and actuating mechanisms open in- 
teresting possibilities to men who 
are devoting their whole attention to 
this phase of automotive engineer- 
ing 

RUBBER— Better understanding of 
synthetic rubbers, and greater ex- 
perience with the more resilient 
types, have opened new engineering 
vistas m car, bus, and truck chassis 
suspension. Here, as m the case of 
new fuels and matching new engines 
to them, is a field where the chem- 
ist and engineer must work together 
closely Off-the-record opinions 
about the future of the synthetics 
as an engmeermg material are 
glowmg Few chemists or engmeers 
who have been working with these 
new materials are willing to be 
quoted at this stage of develop- 
ments because of the lack of ex- 
perience What has been discovered 
to date, however, leads many an 
automotive engineer to envision 
radically different suspension in the 
interest of more rider comfort. The 
fact that large amounts of money 
are flowing into these researches 



indicates that management has faith 
in synthetics 

The top executive of one of the 
world’s most important tire com- 
pames predicts tires that will last as 
long as an automobile, won’t punc- 
ture, blow out, or even skid on wet 
pavements He expects to see the 
day when a tire can be expected to 
run 100,000 miles. 

Just as the airplane shock strut 
development borrowed heavily 
from automotive shock absorber 
experience and the considerable 
amount of research it involved, so 
will vehicle designers borrow from 
current experience of aircraft engi- 
neers who have multiplied the 
knowledge developed m ihis field 

METALS — ^The art of metal work- 
ing has been making rapid strides 
while production men have beer 
sky-rocketing output of guns, shells, 
and the thousands of mechanical 
devices needed to wm a war. Just 
before the war, the age-old idea of 
peenmg surfaces foimd vigorous 
proponents, and shot peenmg of 
working parts has come into its own 
Surface stresses, often increased by 
grinding and polishmg, are reheved 
by shot blastmg As a result of ex- 
tensive laboratory work and actual 
production of parts, a vigorous 
school of shot peenmg or shot blast- 
mg advocates is showing remarkable 
improvements in the fight against 
fatigue of metals Fortunately for 
the motor car owner of the future, 
much of this work has been done m 
automotive factories Ford, for ex- 
ample, will offer shot-peened engme 
valve springs, which will also be 
rust proofed 

The improvements m other metal- 
working techniques are almost end- 
less Better controls of heat m heat- 
treating operations, better controls 
of alloymg processes in the steel 
mills, greater knowledge of the na- 
ture of the metals as well as of the 
tools and grmding equipment, more 
experience in machmmg and form- 
mg alummum and magnesium, and 
even the vast experience m manu- 
facture of plastics-impregnated wood 
and canvas, are being coimted upon 
to have an Important part in shap- 
ing the future of the motor car 

Most informed engineers do not 
expect extensive use of alummum 
sheets m car bodies, leavmg that 
field of speculation largely to the 
“air-brush” designers. It is prob- 
able, however, that a good deal 
more aluminum will be used in 
engine castings than ever before 
Contmental and other engme 
builders are developing several 
models of engines using more cast 
aluminum than was used in pre- 
war days. The new Fords will sub- 


stitute aluminum for steel pistons, 
both in the six and m the eight, as 
well as in the new edition of the 
eight-cylinder truck power-plant 

RESEARCH— Although the huge 
General Motors Technical Center 
to be buih m the environs of De- 
troit and the gre#^ engineering and 
research departments of Chrysler 
and Ford are extremely impressive 
as facilities for engmeermg develop- 
ments in the automotive mdustry, 
there is m addition some 150 mil- 
lions invested in other motor ve- 
hicle and parts research and de- 
velopment laboratories and proving 


grounds m the Umted States. Sup- 
pliers — ^notably steel mills, non- 
ferrous, rubber goods, chemical, and 
petroleum manufacturers — apply a 
sizable share of their total research 
effort and expenditures to automo- 
tive problems 

As a matter of fact, a large per- 
centage of the actual development 
of improved automotive devices are 
attributable to the parts and supply 
industries which serve the vehicle 
manufacturers Often development 
work IS done jomtly by the supplier 
and a prospective customer A num- 
ber of projects of this general 
scheme are getting into high gear 



Out of action.,. because they didn’t see 


More than 350,000 deaths, 
1,300,000 permanent disa> 
iwWBBh. bilities suffered since Pearl 
III Harbor — more than the total 

of all casualties caused by enemy acuon — 
are due to accidents in traffic, at home, on 
the farm, at work. One reason for this 
appalling toll on nSeded manpower is 
faulty eyesight. 

You may have visual handicaps of 
which you are not aware; or you may 
have vision ideally suited to certain tasks 
but not to others. Modern opucal science 
has proved these facts, and has developed 
scientific techniques for correaion of 
almost all visual defects. 

didn’t see*' is a poor excuse for 
anguish to you or your family Don't take 
a chance! Only a professional visual check* 


up can reveal the true condition of your 
eyesight 

Benefit by the skills and services of 
optometrists, ophthalmologists, and op- 
ticians. By improving vision they can 
increase comfort, improve working ef- 
ficiency, and reduce accident hazards. 

Think first — stop accidents! Play safe — 
he sure your vision is right Bausch he Lomb 
Optical Co , Rochester 2, New York 


BAUSCH & LOMB 

ESTABLISHED 1853 

V 


Makers oj Optical 6lats and a Complete Line of Optical Instruments for Military 
Use, Education, Research, Industry, and Eyesight Correction and Conservation 
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IN OTHER FIELDS 


Conducted by The Staff 


Atomic^ Bombs 


Power of Dfvostation Lies in Disruption of the Atom by Methods Not 
Yet Completely Revealed However, Research Progress, Reported Before 
the Entry of the United States into the War, Indicated the Poths 
Along Which Intensive Work Has Been Done Both Here and Abroad 

ByA P PECK 


EDITOR'S NOTE AdmitUdly, world tocurity 
prevfntt publication of detailed information 
on the otomic bomb which rocked Jopan 
early in August and likewise rocked the 
scientific world ond the world of the man 
on the street to its very foundotions The 
newspapers have done an adequate job of 
guessing about the principles of the otomic 
bomb ond about the possibilities of atomic 
power in the future The accompanying ar- 
ticle^ composed mainly of excerpts from is- 
sues of Scientific Americon, gives about oil 
of the specific doto ovoiloble today and 
points the way to the future 


W HEN the first atomic bomb 
burst over Japan, it did far 
more than disintegrate the homes, 
the mdustries, and the very bodies 
of the Japanese withm a range far 
greater than had ever before been 
reached by any man-made explo- 
sion It proved that man had at last 
solved, m a hmited measure, the 
means of unleashing the locked-up 
power of the atom and putting it to 
work That such power for good or 
evil lies in the very atoms which 
are the basis of all matter has been 
known for many years But mere 
knowmg has failed to furnish the 
key The road to knowledge has 
been long and rough. Even now that 
atomic bombs have proved them- 
selves, there remains much work 
ahead 

Can the power of atomic energy 
be put to useful purposes'^ The 
answer is that it can but that the 
means of so doing will probably in- 
volve more intensive and extensive 
research than has already gone mto 
the development of the atomic bomb 
itself 

Details of the atomic bomb can- 
not — and should not — ^be revealed 
to the pubhc However, some insight 
into the background of atomic power 
is permissible and can be obtamed 
from back issues of Scientific 
American. To supply such informa- 
tion on a sound basis, free from the 
hysteria that undemtandably charac- 
terized the first reports of the atomic 
bomb in thq daily press, the mam 
body of this article is composed of 
direct quotations from Scientific 
American. Dates are given so that 


those mteiested in seeing the com- 
plete articles can easily locate them 

URANIUM SPLIT— The first inter- 
pretive article, in an unconnected 
series that ended when censorship 
rightly clamped down on atom- 
splitting articles, appeared in Scien- 
tific American foi October 1939 In 
that issue, Jean Hairmgton, writing 
under the title “Two Elements for 
One,“ had the following to say 
“The Fifth Washington Confer- 
ence on Theoretical Physics was 
sitting m solemn conclave when the 
news broke Professor Nils Bohr of 
Princeton and Professor Enrico 
Fermi of Columbia rose to open 
the meeting with an account of some 


lesearch going on in a Beilin lab- 
oratory 

“It was January 26, 1939 A few 
weeks before, at the Kaiser Wil- 
helm Institute in Berlin, Dr Otto 
Hahn, a distinguished German 
physicist, had obtained an utterly 
unexpected result from moie or less 
routine experiments Following the 
original example of Professor Fermi, 
Dr Hahn and his co-worker, F 
Strassmann, had for many months 
been bombarding uranium with neu- 
trons and studymg the debris left 
by this atomic warfare 

“It was news, and big news, to 
discover barium among the debris 
— barium, which is only a little 
moie than half as heavy as uranium 



Scientific Americon Diogrom of a theoreticol chain reaction for uronium The neutron 
bullet at the top splits the uronium nucleus /4 into frogments I ond II ond, in addition, 
erupts three extro neutrons. One of the latter may hit onother uronium nucleus B, 
ond split It into similor frogments and neutrons C. Eoch of the first two frogments 
may breok down Into another otom plus a neutron, os shown ot D, left ond right 
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€12 1122 011 on the Scales... 

C 12 H 22 Oil (Sugar) oddly enough only became a food 
staple at the beginning of the century and then princi- 
pally in connection with tea and coffee. Today sugar has 
far wider uses and probably makes up a very large part 
of our energy diet From grower to refiner sugar is one 
of America^ major industries. Since EXACT WEIGHT 
Scales serve all industries it is natural that sugar is one 
of them Various models from laboratory through pack- 
aging are used. This industry is but another user of these 
famous industrial scales which today have more than 
50,000 users from coast to coast. No matter what you 
make there is an EXACT WEIGHT Scale for from one 
to a hundred operations in your plant. Write for details. 


^:;^strial precis^ 


UgjU lileufht Sca£es 


THE EXACT WEUHT SCAU COMPAHV 


6S West Fifth Ave.* Columbus ii Ohio 

Depi, Ad, 783 Yonge St,, Toronto, Canada 


It meant that the neutron bullets 
had succeeded not merely in knock- 
mg a few chips off the old block, but 
in blowing the whole atom asunder 
with a terrific explosion. 

few msiders had already 
jumped the gun ahead of the Con- 
ference and of the rest who learned 
of the discovery through the news- 
papers. In Copenhagen, Dr O R 
Frisch and Professor Lise Meitner, 
who had previously worked with 
Hahn on the same problem, had 
verified his results ten days earlier 
A group of Columbia University 
physicists, including Feimi, mde- 
pendently thought up and carried 
out a similar experiment by Janu- 
ary 25, the day before the Confer- 
ence By the time the meeting 
wound up its affairs Januaiy 28, 
three more laboratories — at the 
Carnegie Institution of Washmg- 
ton, Johns Hopkins, and the Uni- 
versity of California — ^joined the 
chorus of confirmation In a woid, 
Hahn was right Uranium, and 
thorium, too (thorium is also among 
the heaviest elements) , had been 
split m two by neution bombard- 
ment 

“The phenomenon was quickly 
dubbed ‘nuclear fission,* and in the 
months ensuing since its discovery, 
nuclear fission has grabbed the spot- 
light from the ‘heavy election’ sen- 
sation of 1937-8 Dozens of the 
world’s top-flight physicists have 
been busy as bees, roaming the 
clover of a new field of reseaich 

“In a discovery like this in the 
realm of pure science, it is always 
easier to see the theoretical impor- 
tance than to find a practical appli- 
cation The fission of uranium has 
provided a field day for the 
physicists who like to take atoms 
apart and find out what makes them 
tick It adds a new chapter to their 
knowledge of the nucleus — the 
forces that hold it together, the col- 
lective behavioi of its constituent 
parts, its reaction ‘under fire,’ its 
destiny 

“Our imaginations are immediate- 
ly seized by the terrific amount of 
energy liberated when a smgle 
uranium nucleus explodes The two 
fragments fly apart activated by 
some 200,000,000 electron volts— a 
total far greater than that asso- 
ciated with any other atomic phe- 
nomenon except cosmic rays 

“The tabloids love to write of 
blowing up the world with a gram 
of matter, and it’s not such a sensa- 
tional idea as one might think Even 
a tiny mass has an enormous poten- 
tial of energy if it could but be 
freed. It is just such a conversion 
of mass into energy that speeds the 
fission fragments on their way 

“Of course, 200,000,000 electron 


volts is an astoimding energy com- 
pared with the size of the bodies 
which possess it But for practical 
purposes it is absurdly small, 
amountmg only to about three ten 
thousandths of an erg In more 
everyday terms, it would take 25,- 
000 billion fissions per second to pro- 
duce one horsepower — figures 
which dwarf even the national bud- 
get The very best a laboratory can 
do so far is to produce a few hun- 
dreds per second 
“If atom smashmg could be made 
more efiScient, power production by 
means of nuclear fission would not 
be beyond the Irealms of possibility. 


‘"Research along all these Imes is 
pioceeding at breakneck speed. Ex- 
periments similar to those with 
uranium have been performed on 
thorium with similar results, except 
that only fast neutrons are effective 
in splitting the thorium nucleus, 
while both fast and slow work well 
on uramum. Other heavy elements, 
such as gold and timgsten, show 
some shght tendency to undergo 
fission. 

“It IS probable that a suflSciently 
large mass of uranium would be ex- 
plosive if its atoms once got well 
started dividmg As a matter of fact, 
the scientists are pretty nervous 
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over the dangerous torces they are 
unleashing, and are hurriedly de- 
vising means to control them. 

“It may or may not be significant 
that, smce early spring, no accounts 
of research on nuclear fission have 
been heard from Germany It is not 
unlikely that the German govern- 
ment, spotting a potentially power- 
ful weapon of war, has imposed 
military secrecy on all recent Ger- 
man investigations. A large concen- 
tration of isotope 235, subjected to 
neutron bombardment, might con- 
ceivably blow up all London or 
Paris ” 

END OF THE WORLD?— If the en- 
ergy locked m the atom could be 
released, why would not that energy 
release the power in other atoms 
and start a long chain of reactions 
that would result in a practically 
instantaneous end of the world^ 
All atoms hold tremendous locked- 
up power Granted that atoms of 
uranium and thorium are the only 
ones which thus far can be directly 
unlocked, why would not the re- 
leased energy be enough to start 
other atoms off and disrupt the en- 
tire universe within a spht second^ 
Miss Harrington, writmg in the 
May 1940 issue of Scientific Ameri- 
can, in an article entitled “Don’t 
Worry — It Can’t Happen,” showed 
that the action of the atomic power 
of uranium can be controlled Per- 
haps the title of the article exerted 
a soothing influence on the Japa- 
nese In any event, it did happen, 
but in a different way than the ar- 
ticle title mdicated Here are the 
important pomts that Miss Harring- 
ton made. 

“Just about a year ago, physicists 
who had been gimning at the metal 
uranium with neutron bullets, just 
to see what would happen, suddenly 
found that they had caused the big- 
gest explosion in atomic history It 
wasn’t a big explosion m an every- 
day sense, no Berlm window panes 
rattled at the blast, and no one 
heard the noise But it seemed big 
and loud enough to other physicists 
all over the world They had never 
before known of an atomic blast 
of such tremendous energy, and 
presently they began to worry about 
it 

“Previous experiments had suc- 
ceeded only in knockmg chips off 
atomic nuclei, and these operations 
released only a tmy fraction of the 
boundless energy locked up m 
atoms. But, when uranium cracked 
m two, 200,000,000 volts of energy 
burst forth in the form of radiation, 
heat, and speed. 

was soOn apparent that quite 
a number of strange and wond^ful 
thmgs happened when the urCinium 


nucleus blew up. Besides the two 
mam fragments, a few spare neu- 
trons (two or three per fission) 
were t^own off from the original 
nucleus In addition, the two new 
atoms were unstable, eruptmg neu- 
trons and other particles m a whole 
series or cham of reactions imtil 
they finally subsided* The result 
was a great hodge-podge of new 
atoms and extra neutrons. 

“In the midst of all this research, 
a chilly sensation began tmgling up 
and down the spmes of the experi- 
menters These extra neutrons that 
were being erupted — could they not 
in turn become mvoluntary bul- 
lets, flying from one exploding 
uranium nucleus mto the heart of 
another, causmg another fission 
which would itself cause still 
others? Wasn’t there a dangerous 
possibility that the uranium would 
at last become explosive’ That the 
samples being bombarded m the 
laboratories at Columbia Uni- 
versity, for example, might blow up 
the whole of New York City’ To 
make matteis more ominous, news 
of fission research from Germany, 
plentiful in the early part of 1939, 
mysteriously and abruptly stopped 
for some months. Had government 
censorship been placed on what 
might be a secret of military im- 
portance’ 

“The press and populace, getting 
wmd of these possibly lethal go- 
ings-on, raised a hue and cry Noth- 
ing daunted, however, the physicists 
worked on to find igut wheAer or 
not they would be olown up, and 
the rest of us along with them 

“The key to the problem is prob- 
ably the speed of the neutrons In 
the original experiments it was 
soon found that relatively slow neu- 
tron bullets were the most effec- 
tive m producmg fissions As the 
cham reaction proceeds and more 
and more energy^ is released, the 
uranium target * becomes heated. 
The extra neutrons are perhaps so 
speeded up by the heat that they 
cease to be efficient atom-busters 
Thus the reaction poohs out as the 
temperature rises” 

ATOMIC POWER— In July 1940 the 
article “Is Atomic Energy Nearer’” 
by Roy C Copperud of the Uni- 
versity of Minnesota, detailed still 
other research and gave still another 
lead to the atomic bomb of today 
and atomic power of tomorrow The 
following excerpts from that article 
are significant. 

“Eyes of the scientific worl4 wid- 
ened the first week m May at the 
startlmg news that work of a 28- 
year-old physicist at the University 
of Minnesota, Dr Alfred O. C Nier, 
in^ isolatmg the ex^plosive uranium 


isotope, U-235, had been corrobo- 
rated, marking a significant advance 
towa^ shackling atomic energy 
*Tliere were predictions that this 
discovery made feasible bombs of 
unheard-of strength, that five or 
ten poimds of U-235 would propel 
a vessel around the world for an 
mdefimte tune without refueling — 
in short, that economic foimdations 
of the world were about to crumble 
**The fact of the matter, he insists, 
IS that many a knotty problem re- 
mains to be solved before any use- 
ful harnessing can take place Chief 
among these is extraction of U-235 
in vastly greater quantities than is 
possible now 

“Dr Nier estimates that one 
pound of U-235 would generate as 
much force as the combustion of 
2,000,000 pounds of coal, or that its 
detonating energy would be equiva- 
lent to that of 20,000 pounds of high 
explosives. 

“Dr Nier estimates that, even 
with any reasonably economical 
means of extracting U-235 in large 
quantities, the cost per unit of en- 
ergy produced would equal that of 
coal ‘So you see,’ he observed, ‘it 
would not mean gettmg power for 
nothing ’ Despite the extraction 
cost, the great amoimt of energy 
concentrated in a small volume 
would make it invaluable for air- 
planes, for example, or any other 
apparatus where weight of ^el is a 
consideration 

“The Minnesota scientist considers 
it hardly likely that the mass spec- 
trometer, the device he used to 
separate the uramum isotopes, can 
be adapted to mass production It is 
more probable that some chemical 
means of separation would turn the 
trick But as to any such method, re- 
searchers are still at sea Dr Nier 
emphasized further that, once ex- 
traction IS accomplished, the prob- 
lems of handling and chaining the 
atomic force safely might occupy 
scientists for years. 

“This IS the abbreviated story of 
what may well prove to be one of 
the great crests of scientific achieve- 
ment True, researchers are cautious 
about advancmg ambitious claims, 
and Dr Nier himself beheves that 
lemainmg obstacles to chaming 
atomic power will persist far mto 
the misty future But only ten years 
ago it was considered impossible to 
separate the isotopes of any element 
whatever, and now it is being done 
commercially with hydrogen.” 

WHAT IT ALL MEANS-The cur- 
tain of censorship falls Work on the 
power of the atom becomes to6 im- 
portant to spread in the public 
press Military supremacy of the 
world, more important at the 
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moment than anything else, is at 
stake Despite the jump that Gei- 
many apparently had on the rest 
of humanity in this mattei , the 
events of early August 1945 showed 
clearly that the final answei was 
found in the United States An 
atomic bomb spread devastation 
Then another The Japanese learned 
what “all out” war meant The 
power of the atom had been put to 
man’s use, but unfortunately to a 
destructive use What man can har- 
ness to one purpose, he can con- 
tiol to anothei But when*^ 

The atomic bomb poses many 
questions It has proved that atomic 
powei can be used When will 
atomic fission drive automobiles 
and airplanes, replace coal and oil 
for powei generation, make water 
powei obsolete*^ We can only be 
honest and say that we do not k»^ow 
The lime is closer than it was five 
years ago, and not only because of 
elapsed time, concentiated knowl- 
edge has bi idged a generation m 
atomic powei development It is 
piobable that someday peihaps 
within the lifetime of many piesent 
readers, a spoonful of uranium oi 
some similar matciial will leplace a 
binful of coal oi a tank of oil in the 
cellai, that automobiles wull be 
made with a life-time of fuel sealed 
in, that pow^ei -plants will be inde- 
pendent of fuel as we know it to- 
day But until mole details are 
available —and that time is ap- 
paiently fai distant — we will go 
along with Mi Coppeiud and say 
“Many a knotty problem lemains 
to be solved before any useful har- 
nessing can take place ’ 

FOOD PROCESSING 

Successfully Accomplished 

With High-Frequency Electricity 

F OOD scientists ai e calling upon the 
latest findings in the field of elec- 
tronics to aid m conseiving the nu- 
tritive value of vegetables dui ing 
piocessmg for dehydration or freez- 
ing preservation 

By using high-frequency elec- 
tricity for blanching vegetables in 
place of flowing steam or boiling 
water, food chemists at the New 
York State Experiment Station re- 
duced the loss of vitamin C in treated 
raw cabbage from the 30 to 40 pei- 
cent occasioned by the usual blanch- 
ing methods to only 3 percent by 
electronic blanching 

Commentmg on their experi- 
ments, the Station workers say 
“For their successful preservation 
by freezing or dehydration, vege- 
tables are briefly exposed to flowing 
steam or boiling water This heat 


treatment inactivates enzymes which 
may cause deteiioration of flavor 
and destruction of vitamins during 
storage However, these heat treat- 
ments sometimes damage the tex- 
ture of the vegetables, making them 
soft, and the steam or boiling water 
also leaches out vitamin C and some 
of the B complex vitamins, thus le- 
ducing the nutritive value of the 
food 

“It occurred to us that electronic 
heat might be used in place of steam 
or boiling water, with improvement 
in the texture of the treated piod- 
uct and reduction m losses of vita- 
mins It was thought that by usmg 
high-frequency electricity, washed 
fresh vegetables could be placed 


directly in the container which goes 
to the consumer, passed througn a 
high-frequency field to inactivate 
the enzymes, and then directly into 
the freezer This would eliminate 
much handling and possible con- 
tamination of the vegetables before 
they reach the consumer The re- 
sults obtained from the electionic 
heating of cabbage have led to more 
extensive tests with other vege- 
tables While our experiments have 
been on a small laboiatory scale, 
it is possible that rapid advances 
in electronics during the war may 
make possible the large-scale use of 
electronic heating m the commercial 
processing of fruits and vegetables 
in the not far distant future ” 
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Nowl Protection Welding of Two 
Studs to Housing in One Operation I 

The teriet of MO Peer Welders were developed to 
provide manufacturers of sheet metal and wire 
products with automatically air operated machines 
capable of high speed precision projection and 

( (eneral spot welding They are sturdily constructed 
ow priced, direct air operated, press type machines 
Shown obovo, is a Peer P>20 set up with safety 
guard which is so adjusted that, when lowered, it 
trips the switch and causes the welder to pass 
through a complete weldmg cycle before the ma- 
chine automatically lifts the guard and stops, ready 
for the next operation Other means such as a foot- 
switch control, can also be used to actuate the 
welding cycle 

The stondord cylinders furnished with these weld- 
ers provide nominal electrode force up to a maxi- 
mum of 1000 lbs Pressures are easily adjusted by 
the air pressure regulating valve The welders may 
be operated with strokes suitable for work at hand 
within the range of from O'" to 3^ 

Shewn at right, is the wrapper from a package of 



Air Operoled Press Type Spot Welder 


will remain empty 
Ufa 


until conditions permit Wrigf^ 
to 


Spearmint manufacture in qualiw and quantity 1 
everyone Wrigley's Spearmint Gum, will, one d; 


s 

or 


, j Spearmint Gum, will, one day, 
lelp on the job’’ to workers in in- 
dustry. Until then, we ask you to remember this 
wrapper as a guarantee of hnest quality and flavor 


everyone wr 
be back as '*a 


rapper 

in cnewing gum’ 

You can get complete In/ormatton from Peer 
Equipment Mfg Co , I Melton St , Benton Harbor, Mech 



Remember this wrapper 
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New Products 

®nd Processes 


FORCE MEASUREMENT 

Instrument Uses Air- 
Loaded Diaphragm 

K^easuring and weighing with air, 
with such accuracy and sensitivity that 
the force of a pea from a boy*s pea- 
shooter or the thrust of a giant jet air- 
plane engine can be measured, has been 
accomplished by a new instrument 



pressure gages, or recordmg devices. 
Every person connected with a test 
may have his own recorder m front of 
him, even in a different room or dif- 
ferent buildmg from that in which the 
test IS being made. 

Although the Thrustorq’s first ap- 
plication in industry was the obvious 
one, to measure the thrust and torque 
of engines, its characteristics have sug- 
gested many other uses Because of its 
compactness and the fact that it re- 
quires almost no defiection to provide 
a reading of force, the unit can be used 
to analyze many structural stress and 
stram problems 

FORMING PAD 

Made of Synthetic ^Rubber 

For Magnesium Forming 

P RODUCTiON of magnesium sheet metal 
parts for industry will be speeded as 
the result of the development of a new 
heat-resistant synthetic rubber form- 


Accurctely meosures force of a pea- 
fhooter or the fhru$t of o |et engine 

called the Thrustorq. It already is 
being used in engine testing labora- 
tories and factories to determine and 
record the thrust and torque of con- 
ventional airplane and automobile 
engines A jet airplane engine manufac- 
turer is usmg the instrument to meas- 
ure the thrust of a new engine 

The heart of the Hagan Corporation’s 
instrument is a flexible diaphragm 
which forms one face of an airtight 
chamber Compressed air is admitted 
to this chamber through a poppet type 
pilot valve The force to be measured 
IS applied to the outside of the dia- 
phragm and is opposed by internal 
pressure. As the force increases the 
pilot valve is opened and admits more 
air to balance the increased force As 
the force decreases, air is exhausted 
until the external force and internal 
pressure are equal. Thus the air pres- 
sure within the chamber provides a 
direct measure of the externally applied 
force 

The response of the instrument is 
practically instantaneous because the 
diaphragm movement necessary to op- 
erate the pilot valve is extremely 
small 

Because the force is measured by air 
pressure, the Thrustorq permits remote 
reading on any number of manometers, 
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the hydraulic ram against the sheet, 
flowing into all irregularities and forc- 
ing the metal into the desired shape 
When the pressure is released the rub- 
ber returns to its original form. 

Since the beginning of the war the 
United States Rubber Company has 
made many rubber forming pads for 
cold forming aluminum These pads 
were not suitable for shaping mag- 
nesium, however, because the mag- 
nesium tends to be brittle when cold 
and does not respond to forming vdth- 
out heating The synthetic rubber pad, 
the first one of its kind, will withstand 
the temperatures up to 450 degrees, 
Fahrenheit, required by the process In 
addition to being heat resistant, it is 
built to stand severe fiexmg and long 
wear 

HARDNESS TESTER 

Facilitates Testing 

Without Taking Specimen 

A, msTRUMSNT that makes practical 
the taking of an adequate hardness test 
right where the material is — ^in the shop 
or yard, on the truck or car — anywhere 
it may be, instead of taking a speci- 
men to a testing machine, announced 
by Steel City Testmg Laboratory, is 
identified as a Portable Hardness Test- 
ing Hammer Type “P”. 

In many cases it is not necessary 
to obtain a scientifically accurate test 
of a material, but it is sufficient to 


TEST OPERATOR’S 
CONTROL ROOM 
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A typicol force measurement installotion, with remote control room 


ing pad announced recently by the 
United States Rubber Company 
The pad is a solid chunk of synthetic 
rubber weighing 2800 pounds and 
measunng 116 mches long, 50 inches 
wide, and eight inches thick It is used 
as the female die in hydraulic presses 
to form heated magnesium \mder 5000 
tons of pressure. When compressed, the 
rubber transmits the full pressure of 


know the hardness in regard to work- 
ability With this self-acting hammer, 
such tests can be made quickly, em- 
ploying unskilled labor Repeated 
tests can be made without readjust- 
ing the hammer. 

If material of a certain degree of 
hardness is to be selected, it is only 
necessary to see whether the diameter 
of the impression made corresponds 
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to the desired degree of hardness If 
the impression is smaller or larger, the 
specimen is either too hard or too soft 
The hammer consists of a cylmdrical 
housmg and easy moving piston, one 
end of the housmg is closed with a 
cover and the other end is provided 
with an open bushing Between the 
cover and the piston, a strong spring is 
located which presses the piston against 
the bushing The tension of the spring 
can be adjusted by turning the cover, 
to set the hammer to a certain power 
of stroke The piston is coupled with a 
striking bolt, which projects through 


A portable 
instrument for 
making 
hardness tests 
It does not 
require 

the services of 
a skilled 
operotor ond 
moy be token 
direct to the 
location where 
tests ore 
to be mode 



the bore of the bushing, guided by an 
airtight fitting ring in the cylinder, and 
carrys a steel ball on its end. 

Resting the hammer with the ball 
against the material to be tested and 
pressing on the operating end, the 
striking bolt and the piston in the 
housing move inward and press against 
the spring between the piston and the 
cover At a certain pomt m this move- 
ment, the coupling between the piston 
and the striking bolt Is releas^ so 
that the piston, under pressure of the 
sprmg, moves qiuckly against the inner 
end of the striking bolt and forces the 
ball against the material to be tested 
After the hammer is released, the 
striking bolt is brought back to its 
former position by a spring. 

FUSTICS PUTES 

Can be Permanently Applied 

To Any Surface 

GUMMfiD plastics plate that will ad- 
here to and make a permanent bond 
with any clean surface when moistened 
with a solvent such as benzine, naphtha, 
and so on, presents unlimited applica- 
tions. An identification plate can now 
be permanently attached to any object 
with a clean surface without using 
screws or other usual methods of at- 
tachmg plates 

Everclear “Everstick** Plastics Plates, 
made by Pennsylvania Plastics Corpo- 
ration, are the result of three years of 
research to develop a cement that could 
be applied to the back of plastics plates 
and dried to facilitate easy handling 
When the plate is ready to be applied 
It 18 reactivated with a common sol- 
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Battling the sea with blasted hull and 
crippled geanv niany a wounded ship has 
been brought safely into port through 
the heroic efforts of its crew Sut h a feat 


calls for cool heads and fast work — for 
skilled hands and the right tools Equip- 
ment must be eiiual to the enicrgem y, 
accuracy and h|)eed are absolute require- 
ments Macbmen, as well as men, must 
deliver unfailing performance 

It is significant that South Bend Lathes 
have been selected for service in the 
machine shops on board many of the 
Navy’s fighting ships And when Victory 
IS finally won, they will continue to serve 
the Navy and the peacetime fleets of 
merchant and passenger ships 
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SOUTH BEND LATHE WORKS 
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vent of the type mentioned above and 
forms a permanent bond with the sur- 
face to which it IS applied 
The advantages of Everstick Plates 
include a permanent bond, adherence 
to any shape or curved surface, more 
durability than a decal, elimination of 
drilling, screws, and drill jigs, adhesion 
that is not affected by weather condi- 
tions, unlimited range of color, per- 
manent color, availability with fluores- 
cent and phosphorescent letters 

SOIL TESTER 

Operates on Principle of 
Electrical Conductivity 

F OR MANY years it has been known 
that the electrical conductivity of soil 
extracts accurately indicates the solu- 
ble salt or fertilizer content of the soil 
In the past, however, the equipment 
necessary for such tests has been elab- 
orate and delicate, and not adapted to 
the needs of the greenhouse 
Now a compact, sturdy, low-cost. 


easy-to-operate instrument, the Solu- 
Bndge soil tester, is available, built 
specifically for sod workers The soil 
tester was designed to fill the growing 
need of soil workers and greenhouse- 
men for a practical mstrument to meas- 
ure the electrical conductivity of soil 
extracts, particularly greenhouse sods. 

The ^lu-Bndge sod tester is a self- 
contained A C Wheatstone Bridge, 
employ mg a cathode -ray tube to indi- 
cate the point of balance, and op- 
erating directly from the power line. 
A temperature compensator is mcor- 
porated to eliminate the need for com- 
putation. 

To make a measurement, a sample 
of air-dry sod is mixed with twice hs 
weight of soft water, shaken for a min- 
ute or two, and the coarse particles 
allowed to settle for a few minutes 
The solution is then poured into a 
clean vessel, its temperature checked 
with a thermometer, and the temx>era- 
ture compensator is set to that value. 
The conductivity cell is dipped mto tiie 
extract and the main dial turned tmtil 
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The original hand tool and today’s 
finest for precision work on any 
metaly alloy, plastic, wood, horn, 
bone, glass, etc. 

Fits your hand comfortably, because 
It’s perfectly balanced and weighs 
only 12 ounces — it’s the *'non- 
fatiguing” tool. 

Handee’s usefulness is as extensive as 
the number of quick and easy-to- 
change accessories you own . • . 
choose from more than 300 in the 
Chicago line. Operates on AC or DC 
current at 25,000 r.p.m. With 7 Ac- 
cessories, postpaid, ^18.50. 

Handst Kit — Handee Tool and 45 tisa- 
ful accetfories in strona case. Postpaid, 
$25 00. 

FRCCl Write for new 64‘page catalog 
OHIQAQO WHEEL A MFQ. 00. 

1101 W MearM St., Dept SA, Chicage 7, III 
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NOW IS THE TIME TO 
PATENT YOUR INVENTION 

IdSflufsctorert cverySrhera 
are buying patent rMta 
now, so they wtU bare 
new items to make and 
sell lor civilian consump- 
tion as soon as the war 
is over You should look 
ahead to the future, too. 

Protect your invention 
and yourself by appi 
for a patent now. 

SET FREE LATENT GUIDE’’ 

Our free 48 page *Tatent Guide** teHt 
wbat details are necessary to aoply * 
for a patent , and countless other facts ] 
you will want to know Mafl coupon 
for Free '^Patent Guide*' and **Record 
of Invention** form today. 
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Please send yonr 48* Page "Patent Guide** 
and your *'Kecord of Invention** form 
FREE This request does not obligate me. 


Name 

Addreea 

City 


balance is shown^ whereupon the 
specific conductance is read directly 
from the scale No calculations what- 
ever are necessary 
Soil extract conductivity measure- 
ments have been used to mamtain 
optimum fertility conditions durmg the 
germination and growth of many vege- 
tables and flowers, mcluding tomatoes, 
roses, radishes, carnations, and so on 
It has been found that the growth rate 
of these and other plants is very sensi- 
tive to total fertilizer content, and that 
budding and blooming time can be con- 
trolled through this means 

BUS FIRES 

Extinguished by Rapid- 

Acting System 

In a new built-m fire-extmguishing 
system for the engine compartment of 
buses, fire detection occupies first place 
Specially designed fiame detectors, 
three of which are circled in one of 
the photos, are spotted at danger 
points around the engme, and an out- 
break of fire near any one of them m- 



Dashboard of bus equipped with fire 
detecting and extinguishing system 
Right Carbon dioxide goes to work 


stantly flashes a warning red light at 
the dashboard The operator’s quick 
pull on a fire handle, either near his 
seat or on the exterior of bus, releases 
a flood of compressed carbon dioxide 
gas, which chokes out the fire The gas 
IS odorless and non-toxic, and causes 
no damage whatever to the engine. 

The speed of the Kidde system’s op- 
eration was demonstrated recently m 
special tests for the benefit of insur- 
ance officials, when gasolme fires which 
had been permitted to burn for 5 to 20 
seconds, thoroughly heatmg surround- 
ing metal parts, were detected in less 
than 1 second and extmguished m ap- 
proximately 1 2 seconds, in spite of an 
artificially created wind velocity of 25 
miles per hour. 

PROTECTING PAINT 

Is Protected in 

Turn by Aluminum 

^^SPHALT, Widely used as a roof-coat- 
mg, has high resistance to ram and 
snow But asphalt can’t stand good 
weather The sun plays havoc with as- 
phalt Hot summer rays cause it to 
bubble, melt, and run Besides this, the 
sun’s rays dry up the asphalt saturant 
contained in roof coatings 

To overcome these draw-backs of an 


otherwise good roofing material, re- 
search men at the A C. Horn labora- 
tories combmed asphalt roof coating 
with practically pure aluminum Each 
particle of asphalt, so to speak, was 
provided with its own bright metallic 
reflector to throw back the destructive 
rays of the sun 

Both the asphalt coatmg and the 
integrally contamed aluminum are 
brushed on to the roof at one time, 
from one can, in one operation for one 
purpose Naturally and fortunately, 
some separation takes place when the 
law of specific gravity works The as- 
phalt sinks down to take up its bad- 
weather job of protection at the bottom 
of the coatmg, next to and bonded to 
the roof, whereas the aluminum stays 
at the top facmg the sun and reflecting 
its rays 

SAVING FEATHERS 

By Means of 

Chemical Preservative 

N^iluons of pounds of wet-picked 
chicken and turkey feathers, formerly 
wasted or used only as fertilizer, can 
be saved for industrial processing by 
a simple and mexpensive preservative 
recently discovered by research scien- 
tists m the United States Department 
of Agriculture Wet feathers, a by- 
product of poultry -dressing plants, 
normally decompose too rapidly to per- 
mit their shipment to feather-process- 
ing establishments, according to the Du 


^ t Vy 


Pont Agricultural News Letter, which 
says the preservative is made by 
dissolving 15 pounds of common salt 
and 1 pint of commercial concentrated 
hydrochloric acid in 30 gallons of wa- 
ter, for each 15 pounds of wet feathers 
to be preserved Practical tests in- 
cluded shipment of preserved feathers, 
while still wet, from Washmgton, D C , 
to Denver and return The feathers 
were m excellent condition after a 
month in shipment and subsequent 
storage, before being washed a J 
processed. 

PARALLEL LINES 

Drawn On Curves Quickly 

With Simple Disks 

An ingenious device for speedily 
drawmg a Ime parallel to a splined line 
has been devised by Charles A Jackson 
The procedure consists simply of in- 
serting the pencil point in a center hole 
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Smooth curves drown rapidly 


of a Plexiglas disk and then propelling 
the transparent plastic disk along the 
edge of the spline or French curve A 
graduated set of disks takes care of 
ordinary requirements in splming With 
the new instrument there is no lost 
motion and a line parallel to the splined 
line can be drawn quickly and accu- 
I ately 

COOLANT 

Increases Life of 

Diamond Wheels 

Diamond wheel coolant that clings 
tightly to the diamond surface and 
forms a ftlm which prevents hot chips 
from imbedding themselves between 
the diamond teeth, so that wheels can 
clean without loading or glazing, per- 
mits such wheels to cut free and cool 
The use of Super-Cut Coolant, com- 
pounded by Industrial Abrasives, Inc, 
IS said to substantially improve finish, 
and, in addition, to add up to 25 per- 
cent more life to zurium bonded 
diamond wheels 

Super-Cut Coolant is reported to 
contam no harmful ingredients, and 
to be non-irritant, and non-toxic It is 
sold in concentrate form which mixes 
with 20 parts of plain water, and can 
be applied by pump, wick, or drip 
feed m sufficient quantity to keep the 
diamond surface fully wet 

FORGING FURNACE 

Uses Nitrogen Gas 

For Hard Steel Processing 

Using only one half the floor space 
formerly required by three smaller 
furnaces, a new type Despatch con- 
trolled atmosphere forging furnace re- 
cently installed in an aircraft plant is 
said to produce 33-1/3 percent more 



Cempoct atw nitrogen got fvmoce 
does work of three ordinary types 


heat than the total combined output 
of the three furnaces previously xL^ed, 
Compact and efficient, this new furnace 
utilizes a special four-in-row muffle 
arrangement to keep overall dimensions 
to less than 12 inches wide and 6 
inches deep Each muffle is 12 inches in 
diameter and has a working depth of 
36 inches Smooth uniform heat 
through the entirq 36 inches working 
depth of muffles results from an in- 
genious system of back -to wards- front 
firing 

Processing hard steel forgings at 
2250 degrees, Fahrenheit, this con- 
trolled atmosphere furnace uses nitro- 
gen gas and handles over 2300 pieces 
per day Air-operated doors shoot 
open quickly to allow fast removal of 
forgings fiom loomy, convement-level 
hearths 

SAFETY PLUG 

Has Built-In 

Light Bulb 

Electrically lighted, a new wall plug 
IS a combmation cord cap, convenience 
outlet and safety pilot, or nite-light 
Encased in an attractive ivory plastics 



llluminoted plug is eosy to locate 

housing, it plugs into any prong type 
wall electrical outlet 

A tiny bulb inside the housing of the 
new plug emits a soft glow through the 
fiont portion of the unit, providing a 
pilot light for conveniently locating 
wall receptacles, regardless of obscure 
location, without fumbling or hazard 
In addition, it affords a night safety 
light for preventing fumbling and 
stumbling in darkened looms, by estab- 
lishing points around the walls that 
serve to orient a peison In nurseries, 
sickrooms, and many other locations, 
the subdued glow of the light is ample 
to serve as a night light 

Although the light bums continuous- 
ly, day and mght, as long as it is m 
the wall receptacle, tests show that it 
will operate at a cost of less than two 
cents per year for current Since the 
bulb generates but little heat it has an 
extremely long seivice life and is re- 
ported to last for years without a 
bum-out 

Another feature of the new plug is 
that it provides two convenient outlets 
for plugging in other electrical fixtures 
In addition, the LumiNite Safety Pilot 
Plug can be adapted as a cap for the 
end of the cord to an electrical device 
In the rear portion of the housing is 
located a round thin section which can 
be easily knocked out by pushing a 
screw driver through it The end of the 


: Get the help of this new 
~ aid to Scientists 
-Photocopying! 




New unit copies anytfiingl 
Records important 
data in accurate, 
permanent fern 
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makes copies of 
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VALUABLE PAPERS 
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) Now m your own office make copies of any- 
thina wniien typed printed, drawn or photo- 
graphed even if on both sides' Permanent, 
error proof pholocopten — at amazingly low 
cost' APECO mikes them at 1-a-minute speed 
—savts hours of dnfring typing, checking No 
darkroom or technical knowledge needed — 
even a boy or girl can easily operate APtCO 

Send for your free copy 
of this informative book! 

. !•//( how APECO 
Photocopying can serve you 

20-pag( fully illustrated book 
giv«s >ou the story of Fhoto- 
copiing — shows graphically 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINEJ^S 
contains a message of particular impor- 
tance to production men This is your 
opportunity to obtain a copy of this 
famous book, which has been aescnbed 
as a **turning point in the lives of liter- 
ally thousands of men”^ 

Although **Forging Ahead in Busi- 
ness” has been distributed to more than 
3,000,000 men. today's timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one anotner Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
"Forging Ahead in Business” 

"/ir thirty mmutes this little book 

f ave me a clearer picture of my 
usiness future than Vve ever had 
before ” 

. . and that represents the opinion of 


the Institute's 400,000 subscribers, /«- 
eluding 134,000 production men! 

The booklet further explains how it 
IS possible to offer this essenual train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Amon^ the prominent^industrialists 
who assisted in the preparation of the 
Course, which is described in "FORG- 
ING AHEAD IN BUSINESS” are. 
Alfred P Sloan, Jr, Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Chrec- 
tor, f I du Pont de Nemours 5c Co 

Send for 

“FORGING AHEAD IS BUSINESS” TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, is wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual— -the man with 
ambition and "drive”— "Forging Ahead 
in Business” has a message of distinct 
importance. If you feel that it is in- 
tended for you, don't hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


electrical fixture cord can then be in- 
aerted through this round hole, knotted 
inside the plug, and easily connected 
to metal contacts by means of clinchers 
provided Thus a single wall receptacle 
can accommodate duree electrical fix- 
tures in addition to serving as a pilot 
and safety light 

CHEMICALS HANDLING 

Made Safer by 

Use of Fork Trucks 

Large carboys of acids and cylindri- 
cal packages of chemicals in lump or 
powder form mtroduce mdustrial haz- 
ards when they are handled manu- 
ally In some plants these hazards have 
been elimmated and costs have been 
reduced by the use of electric fork-type 
lift trucks 

These Elwell -Parker units have en- 
abled manufacturers to make the fullest 
use of the pallet system for rapid han- 
dling and, where necessary, for high 
tiering m warehouses. Four carboys 
in wood cases, with a total weight of 
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Track kondles ckemicalt safely 


nearly a half ton, are easily handled 
m one load To protect the necks of the 
carboys and afford a support for pal- 
lets above floor level, use is made of 
easily built wood frames Dry chemi- 
cals m fiber, plastics, or wood containers 
weighing up to one ton or more also 
are handled by means of pallets and 
fork-type trucks 

TRIANGULAR TOWER 

Can be Erected 

Easily and Safely 

Capable of bemg erected by three un- 
skilled men in ten hours because of 
simplicity of construction and small 
size and weight of individual members, 
a 90-foot Blizzard Kmg tower offers 
many advantages for radio or construc- 
tion use. Average weight of mmbers Is 
only 5.3 poimds, the heaviest is only 
eight pounds. 

Eacdi six foot section of the tpwer 
Is used as a platform upon whk^ to 
erect the next section. The members 
used consist of sleeve connections, 
tubular comer posts, horizontal steel 
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channel members, and diagonal flats 
After any one section is completed and 
the ladder installed, the three comer 
posts of the next section are dropped 
into place. The sleeve connections are 
slipp^ over the top of the comer 
posts and the horizontal channels are 
bolted in place and followed by the 



diagonals The ladder is then installed 
and the operation repeated The tower 
forms a complete safety basket aroiind 
the ladder These versatile towers are 
made by Harco Steel Construction 
Company. 

ALLOY SPRAYER 

Controls Flow of 
Molten Metal 

Bxhlt especially for precision spraying 
of low temperature metals and alloys, 
a new sprayer, which is being used ex- 
tensively for production spraymg of se- 
lenium rectifier cells and rectifier disks, 
for protective coating of wood patterns, 
and similar spraying, is expected to be 
particularly useful in laboratory re- 
search work due to the closely con- 
trolled characteristics of the spray 
Although the new alloy-sprayer, des- 
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PROCEDURES IN EXPERIMENTAL PHYSICS — 
By John Strong, PhM A wealth of neeful 4«U ol 
a practical kind for the eonctmotor. experimenter 
and ekilled crafuman $6 80 

HIGH FREQUENCY INDUCTION HEATING — 
By frank W Curtia Answer* many queation* con 
earning induction heating and ita utility in induetrJal 
proccMca Thoroughly practical in acopa $2 85 

MANUAL OF LABORATORY GLASS-BLOWING 
By R H Ifrightt A practical book containing 
lateat information on the fundamental operations 

of glass blowing, both elementary and advanced 
90 pages, illustrated 82 60 

TOOL MAKING — - By C M Cola Instructions lor 
making and using all kinds, from personal tools to 
arbor presses, lathaa, planers, etc , in different 
metals 88 60 

TECHNIQUE OF PLYWOOD — By CBmrUa B. 
Norrla Technical information on all phases of ply 
wood manufacture and use, compiled for engineers, 
designers, and usera of plywood Important to 
many phases of wartime housing and manufacturing 
problems 82 50 

OPTICAI WORKSHOP PRINCIPLES — By Col. 
Charloa Dovo War time translation of a French 
work on precision shop optica, with heavy emphasis 
on actual handiwork Covers glass, abrasives, cements, 
mechanical theory of working optical surfaces, sur 
facing, tests, centering, and so on 86.10 

HANDBOOK OF CHEMISTRY AND PHYSICS — * 
A classic referenoe book recently revised and brought 
up to date to keep paep with recent research In 
eludes material on all branches of chemistry, physics, 
and allied sciences Used in lehoratories and by 
engineers throughout the country Flexible binding 
S571 pages 84 10 Foreign 84 50 postpaid 

ATOMIC ARTILLERY — By John KoUoeh 
Rohortaon Electrons, protons, positrons, photons, 
neutrons, and cosmic rays all described for the 
layman in plain language Also transmutation of the 
elements and the manufacture of artificial radio 
activity 82 85 

PLASTICS — By J H Duboia Third edition 
again revised and enlarged, with two four color 
plates This is an important book on the whole 

general subject of plastics, plus much brand new 
matcrisi on synthetic rubber, manufsoturiog processes 
and plastics moldlnga 84.10 

EXPERIMENTAL ELECTRONICS — By Rmtph 
H MuHmr, R L Cau^an, and Si B Drom. 

A solid book of emineiftly practical information on 
the rheracteristics and non communication applies 
tiona of electron tubes The text describes experi 
ments and presents results For atiidents radio 

engineers, communications experu, and the set ions 
general reader 84 75 

PRISM AND LFNS MAKING — By F Tvoyman 
A wide variety of notea based upon a long lifetime 
of practical optical shop work Not a full step by 

step manual but a valuable working aid to the ad 

vancod telescope maker and other* in optical work 
While the text deals ostensibly with professional 
quantity production, nradh of it is basically ap 
plicable to single piece work 84.60 

THE MODERN GAS TURBINE — By B Tom 
Sawymr Fundamental traataaant, yet aomprekanalva 

in scope, covering industrial, marine, railroad and 
turbo supercharger applications of the gas turbine 
Up to the minute data on Jet propulsion ere included 

84.10 


Best Sellers 
In Science 


A PRACTICAL COURSE IN HOROLOGY — By 
Bmrald C. Rally Definite, outright, practical in 
structions on watch making, repairs, and adjustment 

82 85 

SLIDE RULE SIMPLIFIED — By C O UarrU 
How to use a slide rule without any of the myatifi 
cation that often surrounds this important tool of the 
engineer Excellent illustrations make everything 
clear 88 60 including a slide rule, lor book alone 

82.60 

AN INTRODUCTION TO ELECTRONICS — By 
Ralph G Hudaon Clear and concise explanation 
of electronics and its modern applications Very 
little mathematics is used 88 10 

MACHINERY'S HANDBOOK — lith Bditlan. 

"Bible of the mechanioel industry " 1815 pages 

of latest standards, data and information required 
daily in shop and drafting room 86 10 

ROCKETS. DYNAMATERS, JET MOTORS — 
By A L Murphy Question and answer text designed 
to acquaint the uninitiated with rockets and all thetr 
variations Power plants are discussed, as well as 
vehicles and craft to which they may be applied 

82.60 

PLASTICS, PROBLEMS AND PROCESSES — By 
Manapargar and Pmppar The whole story of plas 
tics, including a resume of manufacturing jprocesses 
and a number of thorough going chapters devoted to 
plaatioa uses 8*1 lO 

THE lUNDAMENTALS OF CHEMISTRY — By 
Monrom M Offnar This text introduces the reader 
to elementa, electrons, acids, alkalis, and so on, and 
then covert chemistry and Its relationship to every 
day life 80 eeaU. 

ELECTRONIC PHYSICS — By Haetor, Lain, and 
Sconton A simplified text for those who desire to 
acquire a sound basu for following the ad van e of 
applied electronics 83 85 

A LABORATORY MANUAL OP PLASTICS AND 
SYNTHETIC RESINS — By C F D'Alallo 

How to prepare many of the well known resins and 
plastics in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

88.10 

FUNDAMENTAIil OF OPTICAL ENGINEERING 
•— By Donald H Jacoha This new work starts 
out at the very beginning, is mainly non malhe 
matical and is probably the best suited of all 
existing books as an introduction to optical design 
Author is a physicist at Bureau of Standards 85 10 

WITH THE WATCHMAKFR AT THE BENCH — 
By Danald Dad aria Simple practical, straight 
forward instructions on the repair of timepieces 
with direct implications to the manufacture and 
repair of delicate instruments of all kinds 

83 10 

TRIGONOMETRY FOR HOME STUDY — By 
William L Schaaaf, Ph D Extensive and detailed, 
giving explanations as the text progresses together 
with numerous practical applications of trig such a* 
machine shop problems, surveying, navigation and 
•o on 80 oentsi 

ROCKET RLSEARCH — By Conatantln Paad 
Lent Partly historical, plus a chapter on theory, 
plus descriptions of practical applications and hint* 
to experimenter* Many drawing* give ■ptcifie do* 
uU* ^ rocket and Jet motors 85 10 


• (The ebovo priees are postpaid la the United States. Add, on fareipa ardor*, # 

85^ for poataga on eaek book, oxeopt a* aotad ) 
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"Oughttoberead 
by scientist and 
non-scientist 
alike” 

~T/{< Sc terittfic Monthly 

''A series of lively per- 
sonal sketches and i useful 
lapid pictuic of IS Koing on 

in such fields as gcncial pin sirs, 
genetics, astronomy aiu! atomic re 
search' ^Thc Ntiv Rtjnibltt 

‘‘fAr. Jaffe gnes us moic than 
a series of pencil at ing hiogiaphies 
\\c have not only pictures ol e\- 
ccptiona'l scientists in action, but a 
liisloty of science in hiogtaphual 
foim Though the men selected 
^veie not aware of their social im- 
portance they influenced society 
proloundly This social note m- 
brates through the book, and stands 
as an example of the way biog- 
raphies should be written " 

^Book’Of-lhe Month Club Neivs 

"A plon«er in an important 

field. Mr Jaffe has succeeded in 
stating an outline of American 
science and in describing its con- 
tinuities and interrelationships, 
and is so far as I know, the fiist 
historian who has ever done so 
He has written a iKiok. which has 
long been needed ” 

^Nexv York Herald Tribune 

Professor Gcoige Sarton of 
Harvard has written the fore- 
word The book contains 600 
pages, 28 plates, and 25 text 
diagrams. Third printing 

Price 75 


SIMON ANO^SCHUSTER, Publishers 


ignated “Model FF by Alloy -Sprayer 
Company is primarily designed for 
spraying vertically downward, sus- 
pended on a chain or similar support, 
It can be swung out to spray almost 
horizontally Thus, it can be used for 
virtually any type of spraying either on 
a production basis or as a stricly lab- 
oratory instrument 

The application of alloy or metal can 
be made in three stages fine spray, 
coarse spray, and pour Moreover, the 
degree of fineness and the degree of 
coarseness of spray m each stage can 
be varied by means of an adjustable 
needle valve Both stages of spray are 
accomplished with air pressure on, 
while the pouring is done with air 
pressure cut off entirely 

Range of operation of the sprayer 
is 100 to 600 degrees, Fahrenheit Metal 
or alloy in almost any form is melted 
in the pot preparatory to spraying by 
means of thermostatically controlled 
electrical elements Operating air pres- 
sures are from 20 to 60 pounds per 
square inch, depending on the needs 
of the work 

SHOP MICROSCOPES 

Have Built-In 

Illumination System 

Designed to bring precise optical meas- 
urement to the machine industry, Pol an 
shop microscopes can take the abuse 
which cannot be avoided in modern 



I 


50'power mognificotion for shop work 

shop practice These units are small in 
size and relatively low m cost The 
standard reticle permits accurate meas- 
urement to 0 001 inch and measure- 
ments may be estimated to ±0 0002 
mch accuracy The instrument may be 
equipped with reticles having special 
designs for contour inspections or 
measurement of specific tolerances on 
tools or parts 

The built-m illummation system, us- 
mg flashlight bulb and cells, makes the 
microscope a convement inspection and 
measuring mstrument The eyepiece 
and acromatic objective give an over- 
all magnification of 50 power, adequate 
for normal Inspection of machme parts 

The shop micro^pe is equipped with 
separate removawe bases, the bottom 


15,000 1077 

FORMULAS PAGES 

HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

Thousands ol copies of this ac- 
knowledged leader among books of 
formulas aic being used daily 

$5 50 postpaid (Domestic) 

Order From 

SCIENTIFIC AMERICAN 

24 West 40rh Street, New York 18, 
N Y 


Experimental and Model Work 

Fine Instruments and Fine Machinery 
Inventions Developed 
Sptciil Tools Dies Gear Cutting, Etc 

HENRY ZUHR, Inc , 187 LofaycHt St , N Y 13, N Y 


Army -Navy Bargains 


Shot gun nipples 4 for |l oo 

Flints assorted, 10 for 1 00 

Eagle buttons old style 6 for 25 

Cartridge belt cal 30 double row 60 

Leather belt, black, bar buckle 75 

Watering bridle bit and reins black 1 00 

Krag rear tight. I4^el *92 l oo 


Prices do NOT Include postage 1045 catalog m 
pages mailed for one dollar Circular for 34 stamp 

FRANCIS BANNERMAN GON8, 801 Broadway, N T 12 


THE BINARY SLIDE RULE 

equals a 30 Inch 
Straight Slide Rule in 
precision Has C Cl 
A. K, log LLl LL2 
LI 3 LL4 Binary Add 
and Subtract Scales 
Olves Trig Functions 
from 0 to 90 degrees 
and reads to 1 Minute 
The Engine - divided 
Scales are on white 
enameled metal Per- 
manently accurate Dla 
^ B'V' Largo figures and 

J raduatlons eliminate 
ue and utility Price 
w'ith Case and Instructions $5 80 Circulars free 
Your money back If you are not entirely satisfied 

Gilson Slldi Rule Co.i Stuart, Flat 

Slide Rule Makers since 1915 



ACHROMATIC TELESCOPE 
OBJECTIVES 

Built to your order 

Fluerido Herd Ceoted Surfaces Mode from 
Crown ond Flint Precision onneoled Optical 
Gloss 


Clear Aperture 

Focal Length 

Price 

2 inch 

20 Inch 

$1500 

3 " 

45 " 

40 00 

4 " 

60 " 

100 00 

5 ' 

75 ' 

200 00 

6 " 

90 ” 

400 00 


We can manufacture any sue objective 
end focal length to your order 
All focal lengths subject to plus and minu^ 
tolerances of 2 *^ 2 % 

REFLECTING TELESCOPE MIRRORS COR- 
RECTLY FIGURED CHROME ALUMINIZED 
Mode from Pyrex blanks, 

Diameter Focal Length Price 

41/4 Inch 32 inch $15 00 

6 ” 48 ” 40 00 

8 ” 60 ” 70 00 

10 ” 80 " 100 00 

I2V2 " 96 ” 200 00 

Above objective lenies end mirrors guar 
enteed to be built to your setisfaction or 
we will refund your money 

MAYELOR PRODUCTS OORP. 

XATONAH 2, N V 
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and sides of which are ground flat 
The parallel sides, which are % inch 
from the optical center, have ground 
surfaces which make it possible to use 
the instrument with gage blocks and 
measuring wires The bottom surface 
has a prismatic groove which optically 
centers the instrument on round rods 
or curved surfaces of machines 

BANK-TYPE RESISTOR 

Permits Easy Removal 
Of Burned’Ouf Element 

BANK-TYPE resistoi, Supplied with 
SIX resistors as standard equipment, 
can be built with any number of 
resistors from two to 24 m a bank The 
six-bank resistor is made with a frame 



Flexibility features this resistor 


23 inches long and 11 Vs inches wide 
The depth is AVz inches For banks 
of more than six resistors, three inches 
IS added to the length of the frame for 
each additional one 
Cores, elements, straps, and binding 
posts can be purchased separately, 
according to the manufacturer, Techt- 
mann Industries, Inc This means that 
a burned-out element can be removed 
by unscrewing two nuts and winding 
a new element around the core in a 
matter of minutes 

WELDING ELECTRODE 

Has Low Spatter Loss, 

Easy Slag Removal 

SHIELDED arc electrode, recently de- 
veloped for general-purpose welding 
of mild steel, offers a number of ad- 
vantages over existing electrodes of 
the same classification The new elec- 
trode, designated as “Fleetweld 47," 
has extremely low spatter loss, easy 



Specimen weldi produced with the new 
penerol purpose orc-welding electrode 


SOS FIRE GUARD 
America s great utility 
fire extinguisher For oil. 
gasoline, electrical and 
chemical fires Do you 
know how to protect your 
car or truck from fire? 
Write for free book How 
to Put Out a Motor 
Vehicle Fire The Gen 
i eral Detroit Corp Dept 
10 E, 2270 F Jeficr 
son, Detroit 7 


MICRO SWITCH 

Is a snap-actlna Bakellto huu&ed Underwriters 
listed switch No larger than a man s thumb 
yet rated at 10 amps 25 volts A C Over 50 
types in stock from $1 00 to $4 00 




Open or closed circ $1 10 Open or closed circ $1 25 
SPOT $1 ‘30 S P D T $1 45 


ALNICO Pocket Pieces 11/18" x 9/16' x *' 4 ' 

pair $1 00 

Horse Shoe Magnets Va" x x pair $1 25 
I'a" X •'a" Watch site GEAR BOX 
160 to 1 Ratio 35^ 3 for $1 00 

SKINDERVIKEN Transmitter Button with 
16 page Experiments Booklet $1 00 

2*4 X AC 110 volt Clock Motor, 

J revolutions per minute $3 00 

One ampere Mercury Switch 
long leads 35# 4 for $1 00 

BLAN, 64K Dey Streat, New York 7, N Y 



(9 X 0432 X 74 1 X 3 8) _ (245 x 0093 x 36) 
_ 1S3i464^ 


Whnt about the decimal point’ Place it quickly 
and accurately with the Decimalixer Pocket 
size, in leather case, 52 50, with extra (mul ,, 
tiplying and dividing) scale, 55 Money back 
guarantee 

GEORGE H MORSE 

927 28th St South Arlington, Vo 


For Saentific and Technical 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 



Howto Find a Business You 
Can Start on a Shoestring! 

S FND today for two new FREE 
booklets revealing scores of profit- 
ible businesses >ou ran quickly and easily 
launch in your own town with as little a.r'SlSOO 
no plant, niaihinery, merchandise or 
skilled help needed' 

I “Opportunities for Limited CapiUl ' 
C48 pages) points out dozens of opportunities 
to go in business for yourself 2 “Your Place 
in the Post War World (64 pages) describes 
many of tomorrow s new jobs in 14 promising 
industries needing workers distributors sales 
men and capital 

To obtain both FREE booklets simply return 
this ad NOW with *^4 for one yeai (24 issues) 
or only $S for 2 whole years (48 issues) of 
lORBLS the Magazine with the ntw service 
ft ituic Opportunities giv mg complete details 
oi an unusual business opt ning —every issue 
\ddres5 Dipt F 3 

r n D D r d hbadqvarterh for 
f U li D Hi ij OVSINESS IDEAS 

120 Fifth Avenue, New York 11, N Y 


MAGIC ELECTRIC WELDER 

110 volt AC-DO welda brazen solders, cuts 
all metals easy to use full directions Com- 
plete with power unit, flame and metalUo aro 
attachments carbons fluxes rods mask Used 
by the Navy For professional or hobbyist 
Only $19 95 

MAGIC WELDER MFG CO 

23‘) Canal St Dept PA-10 New York City 


INVENTORS. Do Not Doloy. 

In order to PROTECT your Invention an d re ap 
the reward that should be yours PATENT 
your invention without delay and at tha same 
time have BIGHTS to sell when Manufacturers 
convert to Civilian Production Write for 
information TO-DAY 

RANDOLPH I 8EAVERS 
25 Columbian Bldg , WcMhingten, D C 


Ml 

5 




“DUPLICATED WITHDUT DIES” 

If you desire to save timo and critical 
materials on production of metal staiqp 
ings or other small parts, then CMBaoc 

dTaCRO System of ”Maul Duplicating mm 

Without Dies" monta your ceosidoratton All duplicated 
work IS accurate to 00 1** Those nrocision machmas are 
adaptable to an andlasa variety of work, and ideally suited for 
use by girl operators For short runs your parts are processed In a 
matter of hours Instoad of waitmg wooks for dies 

Send for cofolog ''METAL DUPLICATING WITHOUT DIES" 

, ^Proneuiiced «*DII.AaC-tO*« 


on Eli- min mrocu 


347 Eighth Ave S 
iMinneopolit 15, Minn 
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Stndformimmimom 

BATiNTC 

ANP TRADE MARKS 

■ c.A.SNOW«Ce. 


Reg. Patent Attorneys Since 1 875 

430 Snow Bide* WnsbinBton If 0. C. 



Clictrlc Htating ElMMnts Now Can napnir Than 

USI NICHROCITI FASTI 

simply overlap enda, apply 
Nlchroclte Paste and turn 
on current Used by large 
utility oompanles Trial 
order, $1 00, 4 os . $2 60 
1 pound. $8 00 

AmistroiHi Electric Mffl* Co 





E. W PIKE fr CO 


POOB 

EYESIGHT? 
Try Hit Ntw PIKE 
Eltctric Rtodtr 

A boon for elderly peo- 
ple and others with poor 
eyesight Wonderful for 
doctors, scientists and 
draftsmen 

Write for free information 
and details of this new In- 
vention that makes read- 
ing matter 3 times larger 

Elizabeth, N J 


EXPERIMENTERS -CRAfTSMEN 
REPAIRMEN 

Assortment of almost 400 valuable new springs 
78 different kinds numerous slses containing 
torsion expansion compression and soma flat 
types $3 00 Useful for all experiments models 
repairs Deluxe assortment $3 00 Jumbo assort- 
ment. $6 00 Utility assortment. |1 00, Postpaid. 
Satisfaction guaranteed 

TECHNICO 

P O Rex 244-C, West Hertferd, Cenn 







[WfOPllllEi 

iit/ BRUSH 
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Eosy t« Plot* CHROMIUM 

GOlO, SILVER, NICKEL. COPPER 
• , Per P/roture and PrafHt 

If you have a workshop— at home 
or in business— you need this new 
Warner Electropiater At the stroke 
of an electrified brush you can 
electroplate models and projecu— 
you can reidate worn articles fau* 
cats tools fixtures, silverware, etc 
with a durable. sparkiiM coat of 
‘ ■ Silver, 


Gold 


metal Gold Silver, cihromium. 
Nickel. Copperor Cadmium Metltod 
Is easy simple quick Everything 
furnished— eoulpment complete 
ready for use Ify dofa# a Mi of work 
for otfiiTi your mtwMue can pay for 
Otclf within a week So make your 
shop complete by getting a Warner 
Electropiater right away Send to- 
day for FREE SAMPLE and Ulus* 
Iratsd literature ACT AT ONCKi 
WAIHMni KLgCTINC €• , OKPT O-SL 
663 H Wtllt St. Chicago 10. IIL 


FREE Details & Sample ! 


I WARNER eUCTNit Ul 

! 663 N WNIi St, Chicago 10, Dept D4a 

I Ooatlomon Sevd Free Sample and Details to 
I Mims 
I Addross 
ICtty 


Zone 


5(afs 


slag removal (most welds are practi- 
cally self-cleaning), excellent re-strik- 
Ing characteristics, and other improved 
features It conforms to American 
Welding Society electrode specifications 
Class E-6012 and £-6013 and may be 
used with either alternating current or 
direct current The electrode, a product 
of the Lincoln Electric Company, is 
said to be especially suited for maldng 
high speed horizontal or fiat fillet welds 
over four inches long in which the 
coating can be dragged on boA plates 
It has also been used extensively for 
both vertical and overhead fillets, espe- 
cially where large single pass fillets 
are desired. 

TABLET MAKER 

For Laboratory or 

Limited Production 

TABLET compressing machine, wide- 
ly adaptable for research and other 
laboratory work and for manufacturing 
industrial specialties where limited 
production is required, includes an 



Up to 100 tobifts per minute 


efficient feedmg device for handlmg 
materials difficult to feed and an im- 
proved adjustment of the lower plunger 
which enables the press to make very 
small tablets 

Applying pressure of 1% tons, with 
a maximum dic-fill of 7/16 inch, and 
producing tablets up to inch diam- 
eter at rates up to 100 per mmute, this 
press has hundreds of applications m 
experimental work and for making test 
pellets, provmg industrial specialties 
such as chemical products, catalysts, 
and so on, pharmaceuticals, and ceramic 
mixtures such as Steatite, and for pow- 
der metallurgy tests. 

WELDING FLUX 

Can be Used By 

Inexperienced Workers 

Fre^-flowxng fiux for gas welding of 
aluminum and aluminum alloys, known 
as “Flo-Well,” is now being manufac- 
tured by A. K MaUk. Flo- Well is used 
to gas-weld wrought, cast, or high ten- 
sile aluminum and aluminum alloys, 
of any size or shape, wherever welding 
is possible As a result of improved 
me^ods of manufacture, Flo- Well will 
not solidify or deteriorate. It can be 
easily applied by inexperienced welders 


NOW 

A COMPLETE SERVICE FORs. 
AMATEUR ASTRONOMiRS 
TELESCOPI MAKERS 

Tslsscopei 

Kits 

Blinks 

Mounts 

Tripods 

Abrasives 

Costings 

Eyo PiecM 
Mirrors 

Testing 

Tubes 

Figuring 

Drives 

Achromati 

Panchronizinf 

MIRRORS MADB 

TO ORDER 


Quality OUR MOTTO ii-kit 
PROFESSIONAL SERVICE AVAILABLE 

ASTRO TELESCOPI COMPARY 

F O. Box 13AS— OlMidsilM 5 , Calif 
OaorgM Carroll— 734 E Elk, OUmJola S 
-SERVING THI WESTERN STATES- 


MASCO T%!» 

• Fltf th« pockDt. Quickly oolvet 
Miy problem In multipUoatlon 
division, proportion Gives the 
squsre the square root, logarithm 
and reolproeolt of all numbers 
Trig scolss five slnss and tan- 
gents of numbers Fine block 
graduations on white celluloid 
Complete with Instruotlons Price 
in fabrleold cose II 00 in leather ease $1 36 Ifoney 
bock If not satiafled Special offer to agents and dealers 
r- MONITOR SLIDE RULE - 4^ Di« ^ 
I Made in white Vlnylite Same scales os Mosoot 
I Slide Rule Complete with instructions Without 
Lease 83 06 Leatherette case 76c additional J 
TavolU Sales Co , 17 N West Broadway. New Yort 7 



BUY VICTORY BONDS 


SCIENCE FAN8I 

‘*A NEW FIELD THEORY*’ explains MYSTERIES 
of Gravitation. Curved Space. Electricity, Atoms 
Elementary 81 00 p p or write J P l^YNB. 8 


617 Sheldrake 4818 Clarendon. Chicago 40^^ ill 


Scientific American’s 
two telescope books 

AMATEUR TELESCOPE 
MARINO and 
AMATEUR TELESCOPE 
MARINO— ADVANCED 

wore prepared before the war, with* 
out the slightest thought of sale to 
professionals. Came the war. Hun- 
dreds of new optical industries 
•prang up. Fewar amataurs found 
time to make telescopes, yet s^es of 
these books increased! Investigation 
of saief cevealed that the new indue- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Statfs 

For their Workmen 

Why? 

Because the basics of praclelon pro- 
duction in optics arc essentially the 
same for amateur and professional 
alike. Today the two books are In 
nearly avery optical industry’s offices 
in the nation. They ”rate.” 

Amataur TdUscopa Making p4.00 
postpaid, domsstici foreign ^.35 
Amateur Telescope Makhttg; » Ad- 
vanced domestic; for^Bti |f5.33 

SCIKNTiriC AMKRICAN 

24 Bat! 4Ptb Sf, New Ytrk 11. N. Y. 
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NOW 


Rtpali' cwR 
ELEOTRIOAL ARPLIANOES 


witK 

CHANITE S«lfW«lchM ELECTRICAL 
HEATING ELEMENT flux Gmiutoua 
• mouat* rnmucttont •ncloscd 4^1 00 poM> 
pud GuanntMd nothing liko it 

CHANITI SALfS COMPANY 
f 14 Suifh Main Fort Worth 4, Toxor 


PORRO PRISMS 

IH* X 16/16' Ovol Face Manufactured by world- 
famous optlelans for Army & Navy 8 x 60 binocu- 
lars Rojected for sUsntly chipped edges 
Outstanding Bargain! 

306 ea _ i for 81 00 postpaid 

No O O D — Remit with order 


HARRY ROSS 

Scientific and Laboratory Apparattia 

70 W Broodwoy, N Y 7, N Y 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

is now in use by most 
of the Police Departments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne*s 

**THE FINGER PRINT 
INSTRUCTOR’’ 

In this 182*page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
ccMuplete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the r J3.I. 

^.25 postpaid 

Orfitr from SOIENTIFIO AMEilOAN 
24 Witt KNk SfrMf, Now York 18, N. Y. 


EXPANDING SAFETY LEATHER 
WATCH 
BRACELET 
New Invention! 

Fits wstches wkh ad- 
lustsble pins. Ms4e 
from the finest Gen- 
uine Leather No ether 
Watch Strap at apy 
diese Fst- 



anted advantages, 

UUD BY THE U. S. NAVY 

SAFfTY WATCH STRAP COMPANY, 

Dept 22, 1044 list Ave , N Y. W, N. Y. 
Rush ( ) Watch Bracelets) send prices lot 

( ) e 

( ) I trill pay postman pl.OO C O p. chaifes 

and postage 

1 enclose fll.OO. Send watch bracelet 
posl-peid and insured. Regulated In siaea 

2 incbea. For perfect fit merh siae of 

wnsci Small ( ) Medium ( ) Lerge ( ) 

Neaso (Print) 


) 


Osrrsnt Bullttis 
Brisfs 

Conducted by K. M CANAVAN 


(The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
of the publications listed below ) 

Industex is a monthly service designed 
to supply industry and busmess with 
references to information on subjects 
covered by leading industrial, trade, 
and business publications Summaries 
of published articles are printed on 
three-by-five mdex forms, to be in- 
dexed by subject matter Industex is 
supplied on a subscription basis and 
forms are issued monthly on current 
publications for addition to subscribers* 
files Articles appearing in Scientific 
American are covered in the Industex 
service The Industex Company, 228 
North La Salle Street, Chicago I, /I- 
Ixnois — Subscription rates on applica- 
tion 

Jeep Planning is a 24-page booklet 
showing the new universal Jeep 
performing a wide variety of agricul- 
tural and industrial chores Its four- 
in-one usage — as a light tractor, a mo- 
bile power unit, a light truck, and a 
passenger conveyance — is fully de- 
scribed Wtllys^Overland Motors, Inc, 
Toledo 1, Ohio — Gratis 

Cemcoat Filler and Dustproofer — 
The Modern Way to Protect and 
Decorate Cement Floors is a six-page 
brochure based on a planned system 
for the painting of cement floors Vari- 
ous painting and maintenance problems 
are discussed L Sonnebom Sons, Inc , 
Building Products Division, 88 hexing^ 
ton Avenue, New York 16, New York — 
Gratis Request this on your business 
letterhead 

The Forest Industries Blaze New 
Trails is a 36-page booklet describ- 
ing the current technological develop- 
ments of wood as an engmeermg medi- 
um and as the raw material of plastics 
and chemicals This booklet, prepared 
to stimulate further interest in wood 
research, covers various research 
projects and developments Timber 
En^neertng Company, 1319 18th Street, 
N W, Washington 6, D C — Gratis. 

Bulletin Number T-45 is a new and 
enlarged booklet ^of tables for com- 
puting change gears for hobbmg ma- 
chines for helical gears Bound in a 
grease-proof cover for longer service 
m the shop, the booklet contains ap- 
proximate feeds and speeds for rough 
and finish bobbing of gears made of 
cast iron, bronze, alloy steels, fiber, and 
rawhide Michigan Tool Company, 7171 
East McNichols Road, Detroit 12, 
Michigan — Gratis 

The Amazing Electron is a 32-page 
booklet for educators, consumer or- 
ganizations, farm gxtups, labor unions, 
and the general public. Illustrated in 
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■■■iNDUSTBT NEEDS TOUR IDEAS NOWT 

Tmo BMMMHut 1 Manufacturers are gettlnf 
ready NOW tor poetwar sales snd produotton 
2 Right DOW. manufacturers are seeking 
products their expanded facilities can handle 
factories must have products to take up ^e 
slack after war orders stop Your chanee 
comes with patent protection now--dela y may 
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Inventor’s Book today and valuable "Inven- 
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E very important discovery relating 
to mind power, sound thinking and 
cause and effect, as applied to self- 
advancement, was known centuries ago, 
before the masses could read and write 

Much has been written about the wise 
men of old A popular fallacy has it that 
their secrets of personal power and suc- 
cessful living were lost to the world 
Knowledge of nature's laws, accumulat- 
ed through the ages, is never lost At 
times the great truths possessed by the 
sages were hidden from unscrupulous 
men in high places, but never destroyed 

Why Were Their Secrefs 
Closely Guarded? 

Only recently, as time is measured, not 
more than twenty generations ago, less 
than 1/lOOth of 1% of the earth's 
people were thought capable of receiv- 
ing basic knowledge about the laws of 
life, for it is an elementary truism that 
knowledge is power and that power 
cannot be entrusted to the ignorant 
and the unworthy 

Wisdom is not readily attainable by the 
general public, nor recognized when 
right within reach The average person 
absorbs a multitude of details about 
things, but goes through life without 
ever knowing where and how to acquire 
mastery of the fundamentals of the inner 
7iind — that mysterious silent something 
which “whispers" to you from within 

Fundamental Laws of Nature 

Your habits, accomplishments and weak- 
nesses are the effects of causes Your 
thoughts and actions are governed by 
fundamental laws Example The law 
of compensation is as fundamental 


as the laws of breathing, eating anc 
sleeping All fixed laws of nature arc 
as fascinating to study as they arc 
vital to understand for success in life 

You can learn to find and follow every 
basic law of life You can begin at any 
time to discover a whole new world of 
interesting truths You can start at once 
to awaken your inner powers of sclf- 
understanding and self -advancement 
You can learn from one of the world’s 
oldest institutions, first known in Amer- 
ica in 1694 Enjoying the high regard 
of hundreds of leaders, thinkers and 
teachers, the organization is known as 
the Rosicrucion Order Its complete 
name is the “Ancient and Mystical 
Order Rosae Crucis," abbreviated by 
the initials “AMORC " The teat hings ot 
the Order are not sold, for it is not a 
commercial organization, nor is it a re- 
ligious sect It is a non-profit frater- 
nity, a brotherhood in the true sense 

Not For General Distribution 

Sincere men and women, in search of 
the truth — those who wish to fit in with 
the ways of the world — are invited to 
write for a complimentary copy of 
the booklet, “Th^ Mastery of Life " 
It tells how to contact the librarian 
of the archives of AMORC for this 
rare knowledge This booklet is not 
intended for general distribution, nor 
is it sent without request It is there- 
fore suggested that you write for your 
copy to the Scribe whose address is 
given in the coupon The initial step 
is for you to take 



cartoon technique, this simply written 
booklet presents information wluch 
brmgs the basic facts about electronics 
withm the grasp of everyone Electronic 
Corporation of America, 45 West 18th 
Street, New York 11, New York^ 
Single copies gratis 

Bulletin Number MTM-45 is a four- 
page illustrated folder outlining the 
features of an improved medium-duty 
tappmg machme for use m high pro- 
duction, high precision tapping, with 
either single or multiple spindles De- 
troit Tap and Tool Company, 8432 But- 
ler Street, Detroit 11, Michigan — Gratis 

Industrial Rubber Products is a 12- 
page folder contaimng information 
and descriptions of rubber, plastics, and 
synthetic materials which may be help- 
ful in solving unusual fabrication and 
application problems The B F Good- 
rich Company, Akron, Ohio — Gratis 

Calgon Data for the Textile Chemist 
IS a 16-page booklet based on the 
uses of Calgon in washmg, scouring, 
bleaching, and dyeing in the textile 
industry as well as specific information 
on applications of the chemical in wool, 
silk, cotton, rayon, and hosiery process- 
ing Calgon, Inc , Hagan Building, Pitts- 
burgh 30, Pennsylvania — Gratis 

Ilg Welfare Club— Policies and Per- 
sonnel Practices of thf Ilg Elec- 
tric Ventilating Company is a 12*page 
booklet compiled to answer iDPQUests 
for information on employee l^olicics 
Starting with the Ilg Profit-Sharing 
Plan and Length of Service Bonus in 
1907, the booklet lists in chronological 
order the various personnel practices 
that have been adopted Ilg Electric 
Ventilating Company, 2850 North Craw- 
ford Avenue, Chicago, Illinois — Gratis 

Skin Recovery in Surface Combustion 
Furnaces is a four-page bulletin 
describing a carbon restoration process 
by the use of a controlled gas atmos- 
phere which is applicable to both car- 
bon and alloy steels Surface Combus- 
tion Corporation, Toledo 1, Ohio - 
Gratis 

Polarizing Microscope is a four-page 
bulletin describing a new microscope 
parUcularly adapted to the needs of 
the mdustrial laboratory, and which is 
also suitable for polarized light micio- 
scopy and as a teaching instrument 
Containing Polaroid material m place 
of the usual calcite polarizing prisms, 
this microscope is particularly suitable 
for obtaining the maximum brilliance 
for mterference figure work Request 
Bulletin M-136 American Optical Com- 
pany, Scientific Instrument DiPision, 
Buffalo, New York — Gratis 

3-M Adhesives in Industry is a 12-page 
booklet outlimng adhesive opera- 
tions in many different industries, 
methods of application, a listmg of the 
physical properties, and venous for- 
mulas An adhesive project sheet for 
the analysis of any adhesive problem is 
featured Minnesota Mining and Manu- 
facturing Company, St Paul 6, Minne- 
sota —Gratis 
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Our Book Corner 

THE BOOK DEPARTMENT of Scientific American it conducted, with the co- 
operation of the Editors, to make available for you o comprehensive book 
service Each month the Editors select and review in these columns new books 
in a wide range of scientific and technical fields In addition, they are ready 
at all times to advise you regarding the best available books on any subject 
You are invited to use this service freely Tell our Book Department what 
kind of books you want, and you will be furnished with the names of available 
books, including prices When inquiring about books, please be specific; 
remember that we can be of the greatest help only when you tell us |ust what 
you are looking for Books listed in these columns may be ordered from our 
Book Department Add 25 cents per book for mailing outside U S All re- 
mittances are to be made in U S funds Prices given are subject to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men In the Army, located in 
the United States, or men in the Navy, Marines, or Coast Guard, located any 
where, will be delivered, insurance fees should be sent with orders, as follows 
To $5 m value, 3< additional; from $5 to $25, 10^, from $25 to $50, 15< 


THE MERCHANT MARINE 
AND WORLD FRONTIERS 

By Robert Earle Anderson 

A mericans will soon be facing? the 
problem of what to do with the 
world’s greatest merchant marine 
Smister and subtle pressure is already 
being exerted m certain mterested 
quarters to induce us to dissipate or 
greatly reduce it Every leader of pub- 
lic opinion would do well to read this 
book, for the prosperity of every town 
and city m America is tied to the fu- 
ture of our merchant marine We must 
never again let ourselves be hood- 
wmked into allowing our merchant 
fleet to deteriorate to the advantage 
of other vitally mterested nations (205 
pages, 6 by 9 mches, illustrated ) — 
$3 10 postpaid — W D A 

PRACTICAL MARINE 
ELECTRICITY 

By Samuel N LeCount and 
H S Dusenbery 

P RACTICAL treatment of the over-all 
subject of marine electricity, writ- 
ten in non-technical manner, makes 
this book an ideal one for self study 
All of the key electrical machines and 
mstruments on merchant vessels are 
explained and illustrated (258 pages, 
6 by 9 inches, 146 illustrations, glossary 
of terms )— -$3 60 postpaid — A P P 

LAKE ONTARIO 

By Arthur Pound 

O NE of the new American Lakes 
series The first two thirds of this 
book, by a former State Historian of 
New York, presents the drama of his- 
tory—Indian, French, British, and 
American— that took place around 
Lake Ontario The remaining third 
deals penetratively with the mdustries 
and trade of the regions all around the 
Lake Books of this type would be en- 
hanced in value if the end-paper maps 
indicated the actual places named in 
the text, even if ornamental map-cor- 


ner sketches of teepees and old guns 
and other doodads had to be elimi- 
nated In the present instance the most 
readable text is hard to follow for lack 
of a better than carelessly drawn up 
map (384 pages, 5% by 8^{> inches, 42 
illustrations, two ‘‘maps” ) — $3 60 post- 
paid — A G I 

HANDBOOK OF KNOTS 

By Raoul Graumont 

P OCKET-sizi, this handy little book il- 
lustrates and explains each of 428 
knots and ties m detail As an unusual 
feature, the knots are indexed by oc- 
cupations and avocations as well as by 
their names If you want to know what 
knots are used by cowboys or yachts- 
men, farmers or divers, or any other of 
48 groups, you can find them quickly 
(224 pages, 4Mi by 6V4 inches, 43 full 
page half-tones, 4 drawings) — $110 
postpaid — A P P 

COASTS. WAVES, AND 
WEATHER 

By John O Stewart 

N ew type of book for navigators and 
others having scientific mterest 
when traveling by sea or air It docs 
not try to tell how to do anything 
but brmgs together between two covers 
a vast amount of scattered scientific 
data on coast lines, terrain, and routes, 
also on oceanography and meteorology 
for navigators, w^ch would enlarge 
and broaden the Average reader’s gen- 
eral background of mformation and 
viewpoint The author is a professor 
of science at Princeton (348 pages, 8% 
by 11 mches, richly illustrated) — $3 85 
postpaid — A G I 

HOW TO GET THE JOB 
YOU WANT 

By John W Herdegen 

T ested plans are presented here for 
anyone who is seekmg either em- 
ployment or advancement m his chosen 
work How to pick the job, how to get 


ON TECHNICAL BOOKS 


QucmtitieB Limited 
Order Now 


Ongintl 

TitU Author Pncc NOW 

Scattering of Light and the Raman Eflect 


Bhagavantam 

$4 75 i 

52 50 

Hair Dyes 8C Hair Dyeing 

Radgrova 

5 00 

2 50 

White Shoe Dressings and Cleaners 

W D John 1 75 

1 00 

Chromosomes 

White 

1 50 

1 00 

Chemical Species 

Timmannans 

4 00 

2 00 

Private Generating Plant 

Proton 

2 50 

1 75 

Substitutes 

H Banneu 

4 00 

2 50 

Tin Solders 
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2 75 

1 50 

Jigs, Tools dC Fixtures 

Gates 

4 00 

2 00 

Manual of Endocrine Therapy 

Cinbarg 

3 25 

2 00 
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Molloy 

2 50 

1 50 

Tropical Fruits 

Sukh Dval 

2 75 

1 75 

Welding dC Metal Cutting 

Molloy 

2 50 

1 75 

Firepumps 6C Hydraulics 

Pott8 dC Harriss 

2 50 

1 25 

Handbook of Mica 

Chowdhury 

6 00 

3 00 

Stromberg Injection Carburetor 

Fishar 2 50 

1 75 

Glue and Gelatin 

Smith 

3 75 

2 50 
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Cantall 3 00 

1 50 

Elementary Mathematics for Engineers 

Fleming 2 50 1 50 

Methods 8C Analysis of Coal 8C Coke 

1 50 

1 00 

Aviation Instrument Manual 

5 00 

3 00 

Wiring Circuits 

Stuart 

2 50 

1 50 

Modern Oil Engine Practice 

E Molloy 

5 00 

3 00 

Aircrew’s Book of Practical Mathematics 
Robinson and 

Allan 1 50 1 00 

Automatics in Engineering Production 

Molloy 2 50 1 25 

Rubber and Its Use 

Fishar 

2 25 

1 50 

Drug 8c Specialty Formulas 
Balangar 

6 00 

3 00 

Plastic Moldi^ ^ 

4 00 

2 00 

Insect Pesti 

Harvey 

4 25 

2 50 
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Brauda 

3 00 

2 00 

Fruit Pectins 

Hinton 

1 75 

I 00 

Cellulose Chemistry 

Plungutan 

2 25 

1 75 
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Not Salvage— 
Not Rejects-Not Junk! 

Each piece guaranteed a beautiful gem 
of epucal and mechanical workmanship. 
Nothing just like thu material has ever 
before been offered to amateurs. Our 
prices are a small fraction of original 
costs Limited supply available of items 
list^. 

ORDER NOW - DON7 BE SORRY! 

EYEPIECE IN FO- . 

CUbING MOUNT, 

(35 mm) fl 
Surplus lot from war 
I nstr umcnt T remcn- 
dously wide field of - 
\iew Diameter of 
eye lens more than 
1", held lens All 
outside lens surfaces 
fluoride coated. Most 
remarkably efficient 
(brilliant) eyepiece , 
ever ^ch $4 50 
Bushing to fit standard 154^ telescope 
tube $3 00 extra Bushing to fit your 
special tube size $4 00 extra 
EYE-CUP of soft rubber for eyepiece 
above Excludes side light With 
clamping ring Each 50^ 

DOUBLE ACHROMATIC LENS 
SYSTEM All outside surfaces fluo- 
ride coated 2J4'' (64 mm) fl 

Mounted, od 13/16'' (30 mm) Clear 
aperture (23 mm) Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a projection lens for Kodachrome 
slides size 2x2 Elach $3 50 

ACHROMATIC CEMENTED OB- 
JECTIVE, 2^2'' (53 mm) diameter, 
(216 mm) fl, not mounted, 
fluoride coated Each $3 00 

MIRRORS Front surface aluminized 
V/i** x 2" (irregular), 1/16" thick 
Each 25^ 

PRISMS In metal mountings, ready to 
make into diagonals, fluoride coated, 
meet the most exacting requirements • 
9/16" (15 mm) x 11/16" (18 mm) 
$2 00 (suitable ifor micro projection) 
11/16" (27 mm) x 13/16" (30 
mm) $3 00, and 15/16" (34 mm) x 
l^i" (33 mm) $3 50 (these two sizes 
are suitable for 6" and 8" diameter re- 
flectors) 

AMICI ROOF PRISM, double invert- 
ing, guaranteed corrected to 2 seconds 
of arc, 13/16" (21 mm) x 13/16" 
Each $2 00 

Porro- Abbe-Dihedral Prism 5/16" (8 
mm) on face Each 15^ 



Include Postage — Remxt with Order 
CATALOG of leniei, prlimt, ^0c 

HAkkY kOSS 

Sckntlflc Loborotoiy Apparotvt 
70 W. Broodwoy, N. Y. 7, N. Y 


the job, and how to keep the job are 
the three most important phases cov- 
ered A valuable supplement tells 
where to get lists of prospects and gives 
other information about employers (92 
pages, 6^ by 9^ mches, unillustrat^ 
paper covers)— $110 postpaid — AJPJ* 

SECRETS OP INDUSTRY 

fiy Lewis C Ord 

B y COBCPARING industrial methods in 
the Umted States, England, Cana- 
da, Europe, and Australia, the author 
is able to draw thoughtful comparisons. 
These comparisons tend to show why 
the Umted States comes out on top so 
far as mdustnal production is con- 
cerned Actually, no industrial secrets, 
as such, are revealed m the text; the 
real secrets are concerned with the at- 
titude of and relationship between 
workers and executives (225 pages, 
by 8 mches, umllustrated ) — $310 
postpaid — A PP 

THE BIG THREE: 

THE UNITED STATES. BRITAIN 
AND RUSSIA 

By David J. Dallin 

F or the first time in history the Ameri- 
can Navy IS the most powerful in 
the world Direct frontal attacks can- 
not disintegrate it, but will post-war 
'‘conferences'* do so? Mr Dallin in a 
logical and dispassionate manner dis- 
cusses this and other problems we will 
have to face to secure a lasting peace 
Americans have suddenly had thrust 
upon them the necessity of not only 
understanding, but of taking a strong 
hand m, the politics of the rest of the 
world *11118 is a timely book, every 
thinking American should not only 
read it, but study' it from cover to 
cover (292 pages, 5^ by 8V^l inches, 
index and maps) — $2 85 postpaid — 
WDA 

TANKS AND ARMORED 
VEHICLES 

By Lt, Cof. Robert J. icks 

F rom the Egyptian war chariot through 
combat vehicles of many types to the 
latest modem armored vehicles, this 
text covers one phase of man’s material 
progress of which he is (or should be) 
both ashamed and proud A great num- 
ber of striking illustrations are repro- 
duced in large size, and thoroughly an- 
notated in the extensive text (264 
pages, 12 by 9 inches) — $4 85 postpaid 
— APJ> 

ATOMIC ENERGY FOR 
MILITARY PURPOSES: 

A General Accoviff of its Devel- 
opment Under the Auspices 
of the United States 
Government, 1940-1945 

C HAIRMAN of the Departm^t of 
Physics at Princeton and consult- 
ant to the Manhattan District of atomic 
bomb fame, Dr Henry DeWoIf Smyth 
prepared this official report at the di- 
rectibn of Major-Gener«d L. R. Groves, 
in charge of the atomic bomb project 


It tells, in non-technioal language, of 
the developments m nuclear physics 
from 1896 to 1940 and then relates the 
8tei>-by-step story of scientific and 
engineering teamwork that culmmated 
m the manufacture of the atomic bomb 
The text not only covers the scientific 
aspects of atomic energy but deals as 
well with the momentous issues of 
public policy that now face the world 
(250 pages, a few illustrations )— Paper 
cover, $1.35, cloth, $210 postpaid.— A.PP 

COMMERCIAL WAXES 

Edited by H. Bennett 

S UBTITLED “a symposium and com- 
pilation,” this solid treatise on the 
commercial use of both natural and 
synthetic waxes is made up of con- 
tributions by many leading mdividuals 
and firms All classes of waxes, such as 
mineral, vegetable, ammal, insect, syn- 
thetic and compounded waxes are dis- 
cussed in detail Melting point, form and 
fracture, purity, hardness, flexibility, 
moldability, adhesiveness, solubility, 
and many other properties as well as 
sources and uses are included The 
book also has an extensive wax formu- 
lary and glossary of terms (583 pages, 
by 8^ inches, tables and charts, 
index) — $11 10 postpaid — J.C. 

SCIENCE OF THE SEVEN SEAS 

By Henry Stommel 

r x THOUGHTS and questions of every- 
one pnvileged to sail the seas, 
whether as a seaman or passenger, are 
set down in this fascinating volume 
The author describes and explains, 
without bemg too technical, the nat- 
ural phenomena observed at sea, dis- 
coveries in the fields of oceanography, 
geophysics, hydrodynamics, and astron- 
omy A book well worth packing away 
in your suit-case when you find time 
to take an ocean trip Enjoyable, too, 
when sitting snugly in front of the fire- 
place on a stormy night when a gale is 
blowing at sea. (200 pages, 5 by 7M 
inches, 107 illustrations )—^ 60 post- 
paid — W’JJA. 

TECHNICAL DATA 
ON PLASTICS 

T he new edition of this book will be 
well received, covering as it does 20 
types of materials and tabulating an 
enormous amount of data for the use 
of all those concerned with the applica- 
tion of plastics materials m mdustry 
today The information set forth has 
been presented by many of ^e most 
important manufactunng producers in 
this country All the best known plas- 
tics materials are fully covered, and 
tables and specifications are those 
adopted by the American Society for 
Testing Materials Testing tabulations 
are divided mto two sections; one list- 
ing items relating to ease of fabrication, 
and the other to strength of the finished 
products Pitfalls in ^e proper use of 
plastics are pointed out. This is an ex- 
cellent reference book for designers and 
engineers Interested in the correct ap- 
plication of plastics. (163 pages, many 
charts.)— $1.60 postpaid.— AJfC. 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor of tho Sclontlflc Amoricon book* '^Amotour Tolotcopo Moklng'* 
and ''Amatour Toloecopo Making— Advoncod*' 


W HICH optical shop methods are 
best — professional or amateur’ 
Neither. In each the needs are different 
The professional makes many of a given 
thing, the amateur usually one Such 
considerations as this call for adapta- 
bility of point of view At least two 
professionals have related to your 
scribe with chuckles how they had 
employed amateurs and soon heard 
them saymg, “The methods in this shop 
are wrong — ‘ATM* says ’* Thanks 
for sticking up for “ATM” but the 
mmd should always be kept free and 
limber Amateurs do single jobs 
One of the functions of this depart- 
ment is to dig stuff out of professional 
confines and offer it to amateurs Few 
professionals these days find that this 
harms them Most are more farsighted 
and are not like one of the old school 
near whom Porter worked in Wash- 
ington during World War I To a re- 
quest of Porter’s he replied, yes, he*d be 
willing to show some of his pet methods 
but “German spies, you know, are 
everywhere these days Might over- 
hear ** 

In the following two-part article, 
Patrick A Driscoll, formerly of Roch- 
ester, now of Poplar Hill Road, Lima, 
N Y, describes one method of making 
telescope mirrors, usmg a hand-lever 
spindle similar in principle to those 
shown in “A T M ,” page 163, at C, and 
In “ATJMA,” page 151 Driscoll is an 
experimental lens maker in the Eastman 
Kodak Company Hawk-Eye Works and 
is the amateur who, in an article on 
making objective lenses, published in 
this department March last, described 
himself as “an amateur professional 
amateur” — he started as an amateur 
His article 

T he barrel-head merry-go-round of 
grmding and polishing by hand, 
coupled with the amateur’s almost uni- 
versal use of the equal diameter 
grmder and mirror, leaves much to be 
desired Grinding and polishing by 
hand often is laborious to the pomt of 
monotony, but, given the proper sim- 
ple machinery and a fair amount of 
help, the basement optician can evolve 
a perfect optical surface and have fun 
in doing it, reducing grmdmg and pol- 
ishmg to a mimmum The following 
notes describe standard optical practice 
and can be relied upon to give good 
results 

Building the grinding and polishing 
machine shown in Figure 1 will call 
for an assortment of angle iron and 
so on, and a raid on the local junk 
yard We shall also need a V 4 -hor 8 e- 
power motor or, as a last desperate 
substitute resort, the family washing 
machme The grmding machine will 


give excellent results both in working 
performance and the surfaces produced 
It will handle a mirror up to 8** in 
diameter, usmg V-belting on the spin- 
dle drive The stroke will be from side 
to side, not back and forth, and will 
be manually applied with the lever 
shown Spmdle speed for grinding will 
be about 200 rpjn, and for polishing 
about 36 rpjn 

Long experimentation proves that, 
when grinding by hand on a machine, a 
concave surface should be ground face 
down, grinder on bottom, mirror on 
top The grinder should be 5/4 the 
diameter of the mirror A convex sur- 
face should be ground face up, with 
the grinder on top, and the grinder 
should be 4/5 the diameter of the other 
disk 

In polishmg, the mirror should be 
on top, and the polisher should be 6/5 
the diameter of the mirror, but with a 
convex surface the polisher should be 
on top and 5/6 the diameter of the 
other disk For makers of reflectors or 
refractors these rules may be consid- 
ered practical Discussion of their phi- 
losophy would require too much space 
to prove what is accepted as correct by 
expert techmcians because it works 

We shall assume that we are grmdmg 
a 6" concave mirror and, m order to 
simplify division of diameters, all 
measurements will be given m milli- 
meters, a smaller unit than mches 
Since one inch is 25 4 mm, a 6** blank 
IS 152 mm m diameter Therefore, by 
the rule just cited, a glass grmder of 



DRIVE BUTTON OeiML 


Figure 1 . The mechine 


190 mm diameter is needed For the 
mirror we purchase a rounded disk 
24 x 152 mm 

The emeries will be numbers 180, 
500, and 1200 On the machine these 
three sizes will give excellent results, 
and an elaborate sequence of gram 
sizes is unnecessary If desired, 90 
emery may be used to hog out the 
curve, but grmdmg to gage should be 
done m 180 Emeries 90, 180, and 500 
may be had from The American Abra- 
sive Co, Westfield, Massachusetts, and 
1200 from the Bausch and Lomb Opti- 
cal Co , Rochester, New York (Carbor- 
undum also IS good for roughing but 
as a finishmg agent in precision work 


LONG SHORT 



MIRROR ON MEDIUM STROKE 


Figure 2 Stroke positions 

it leaves something to be desired The 
amateur’s troubles with scratches is 
traceable more often to Carbo than to 
carelessness, since its granules are not 
so consistent in size as emeries ) Since 
it will be used in a pit (Figure 1) this 
permits recovery and re-use during 
the rough grinding stage (180) but the 
500 and 1200 are too likely to become 
contaminated, and should not be re- 
covered 

The mirror blank requires a driving 
button (Figure 1) which will be at- 
tached to the glass with pitch and re- 
main there throughout the grinding and 
polishmg operations To fasten it to the 
blank we melt the pitch slowly, heat 
the blank and button, dip the button 
into the pitch and quickly place it on 
the blank, centering it before it be- 
comes cold In the same manner we 
pitch the tool on the spmdle pipe 
flange shown m Figure 1, centering it 
by rotating the spindle and shifting it 
until the tool nms concentric 

Since the grinder and the mirror 
blank have fiat surfaces it will be nec- 
essary to start the curve by hand grmd- 
mg for about 15 minutes We shall use 
a sweepmg round-and-round stroke, 
keeping the center of the blank over 
the edge of the grmder When the edge 
of the grinder shows a ground ring 
extending in about 1” smaller than die 
mirror diameter we are ready to ma- 
chine grmd 

We replace the mirror on the grind- 
er, engage the drive pm in the hole in 
the drive button and, with the mirror 
held offside on the grmder — say 2” off 
center— start the spindle 

Emery is kept m a Jar or can and 
fed on the grmder with a I** stiff- 
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bristle brush The emery should be a gage about 14" long, if for a 6" mir- 
well submerged in water, as the cutting ror, and cut out the portion having the 
effect of emery is at its best in a thin most even curve Grind the edges 
solution A 1-quart jar half full of 180 lightly together m 500 emery. A min- 
emery is recommended, also that ute*s work will bring them to a tight 
water be added until the emery is fit 

saturated and the jarJull The mirror, having been rough 

As the curve starts to form on the ground in 180 emery, must be brought 
grinder and blank, both disks will to a tight fit on the gage before 
rotate more smoothly, and so we com- smoothmg m 500 is undertaken 
mence swingmg the stroke arm of the We do not intend to grmd by wets, 
machine from side to side From this as thb method leaves the amount of 
point on, the stroke will determine the glass removed m each size of emery 

ground figure we wish to evolve to guesswork By grmding exactly to 

Figure 2 shows stroke positions 
These are calculated on a basis of the 
grinder diameter, as divided into four 
equal points If the stroke overhang 
brings the center of the mirror to the 
respective indicated pomts on the 
grmder, as we move outward, we ob- 
tain the short, medium, and long stroke 
With the mirror on top a stroke that 
is excessively long will shorten the 
radius A short stroke will have a 
reverse effect A long stroke will grmd 
the center more' than the edge, and 
a shoit stroke will grind the edge 
more than the center 
The drive arm should be swept 
slowly right and left Tests for curva- 
ture should be frequent, and the 
stroke shortened oi lengthened as these 
tests indicate 

A rule that must be remembered is 
never use so long a stroke that the 
edge of the nurror crosses the center 

of the grinder, and never a stroke so Figure 3 Micrometer in fixed 

short that it holds the mirror inside stond Insert Chuck substitute 

the diameter of the grmder for drive button on Figure 1 

On a short stroke the mirror must 

overhang the edge of the grinder, if curvature m each emery, and miking 
only y 4 ", in order that the grindei will the glass each time, we shall be very 

be used all over its surface at each sure of eliminating the pits from each 

stroke previous size This should lay to rest, 

Emery is applied by a stroke of the once and for all, the great disappomt- 

brush at each stroke of the drive arm ment of finding No 180 pits holding 

It will be ejected by the grmder mto over on the surface after it is polished 
the pit and m this rough-grmdmg The micrometer shown m Figure 3, 

stage it can be reclaimed and used with pointed tips over the anvils, will 
agam so long as the ejected portion give accurate measurements of glass 
still contains unused particles removal The mirror must be marked 

The grmder and mirror will rotate on its edge with a permanent notch 

in the same direction It is fallacious scratched in and filled with black 

that the disks must rotate in opposite paint, and this shall be the miking 

directions, as many even advanced point 

workers insist Direction of rotation After grmding with 180, the edge 

has nothing to do with the production of the mirror is beveled Hold a scrap 

of a truly spherical surface, which is of glass against the edge of the disk 

accomplished by the stroke and rota- and, with the spindle running, apply a 

tion of the spindle causing the grmder little 500 emery until the bevel is about 

and work never exactly to duplicate 2 mm wide This will elimmate future 
the conditions of any one stroke scratches due to edge particles breaking 

As a check on the curvature I rec- free Retain this bevel throughout 
ommend the glass gage (“A T M ”, page smooth (500) and fine (1200) grmding, 

344). Even for the worker who owns and polishmg Keep the edge of the 

a spherometer the glass gage can be tool beveled also 

of value The spherometer can, of 

course, be used to check the gage and i^riscoll’s article will be concluded 
mirror for sagitta, but the gage will U next month Observant readers will 
also show the overall variation of the have discovered one important differ- 
mirror along its arc when used as a ence between the hand-lever spmdles 
check on radius and sphericity The m “ATM ” and “A TJM A ” and Dris- 
glass should be as thin as can be coil’s In the former the pressure on the 
found and the gage must be very care- work is regulated by the hand In the 
fully executed A slight variation m latter the weight on the head of the 
the scribing apparatus will have a bad free-floating pm regulates it uniformly 
effect on the arc that carries the glass The philosophy of dragging and 

cutter Pivot bearmg and scribing bar dragged disks, which Driscoll found 

should be very rigid and the cutter too lengthly to discuss here, is dis- 
must be held very tightly to assure a cussed at length m D4v4*s “Optical 

perfectly even cut on the glass Make Workshop Principles” 
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Previews of the Industrial Horizon 


OIL RUSH 

W ah’s heavy drain on known underground petroleum re- 
serves and the probability that civilian consumption of 
all types of petroleum products will increase in the near 
and more distant future, demand that somethmg be done 
about it And several things are being done that brighten 
the oil horizon considerably 

Up m the Pacific Northwest there is a new oil rush on 
At ^e time of writing, no oil has yet been found m the area 
aroimd Portland, Oregon, but a number of dry wells have 
been drilled and abandoned, others are down several thou- 
sand feet, and new drillmg is being started almost every day 
Cause of all the excitement in this area, where wild-catting 
has been going on sporadically for almost a quarter of a 
century, is two fold Surface formations m this section of 
Oregon are identical with those in the highly productive 
fields of Califorma, and geophysical prospectmg has given 
defimte indicabon that the underground formations are of 
the type in which oil may be found 

Still farther north, in the Canadian province of Alberta, 
oil exploration is going on apace Twenty miles from Turner 
Valley, Canada’s most productive oil field, geologists are 
confident that a dome-shaped formation has been located 
that will soon be producmg crude, out on the Alberta plains 
a well was drilled last year that produced 1000 barrels a day 
and IS now being held back to 100 barrels Since then, other 
producing wells have beeh drilled, and still more are gomg 
down 

This IS a brief view of part of the exploratory work that 
IS going on m an effort to mcrease the proved oil reserves 
of the world But there is another part of the picture that 
may someday become as important to the oil industry as 
the familiar drilled wells This involves the extraction of 
petroleum from shale and sand This type of work has been 
carried out on a small scale in many parts of the world 
but has the drawback that costs are too high Now Socony- 
Vacuum has announced a new method of processing oil 
shale which, while still expensive, could make available 90 
billion barrels of petroleum or in excess of four times the 
present probable proved crude oil reserves 

Now, back to Canada again, and to northern Alberta 
Here, in and around Fort McMurray, is what has been re- 
ported as one of the world’s largest oil leserves The oil is 
at or near the surface, but it is mixed with sand, extracting 
the oil, agam as in the case of shale, is expensive However, 
four companies are actively at work m this region and have 
developed fairly economical methods of separatmg the oil 
from the sand But then they are faced with the problems 
and expense of transportation At present there is only a 
single-track railroad to the oil-sands area and freight rates 
are high Someday a pipe-line to the ‘^outside” may open up 
this nch resource 

Eventually the oil resources of this world are gomg to 
dwindle and disappear, but the work that the oil industry is 
doing today seems to be pushmg that day farther into the 
future instead of brmging it closer 


MAGNESIUM POSSIBILITIES 

Lighter than aluminum and, like that metal, available 
in almost unlimited <)|^uantities, magnesium may be consid- 
ered as a war baby that has cut all its teeth and is now 
lustily chewing its way into many phases of industry Thus 
far the surface has only been scratched, and the wheel- 
barrows and other gadgets that have been featured in the 
daily press are mere straws in the wind Wherever light- 
ness and rigidity are required, there magnesium holds 
promise Production problems have been solved, the metal 
can be adequately protected from corrosion, methods of 
weldmg have'^beeft perfected, casting procedures no longer 
present difficulties— *all m all, magnesium is not only ready to 
go, but it is going places rapidly 


a 


In the textile mdustry magnesium is replacing steel and 
wood for such parts of machinery as have to be handled in 
the mill or sent by freight, thus labor and transportation 
costs are reduced Used in fabricating movable roller con- 
veyors, magnesium makes the umt so light that one man can 
move it from place to place instead of calling for additional 
help or usmg a plant truck These are only two concrete 
examples, the future will disclose many more possibihties 
as thinkmg machine designers delve into available facts 
about magnesium and really put the metal to work 


PUDDING PROOF 

Klo ONE department of an airlme can anticipate all the 
various problems which may arise m connection with the 
operation of an airplane With this truism in mind, Ameri- 
can Airlines has invited nearly all of its 10,000 employees 
to aid in the selection of a new utility type of plane The 
plane to be used will be selected from several specifications 
after the employee survey is completed 
Here is an approach to an industrial problem that parallels 
familiar consumer polls It could well be extended to ma- 
chine tools, plant layout, materials handling, and even mate- 
rials selection 


SMOKELESS CITIES 

Just before the war, St Louis succeeded, by passing laws 
that were drastically enforced, in virtually elimmating in- 
dustrial and residential smoke from its atmosphere Other 
cities were ready to follow suit when the war emergency 
pushed the problem into the background Now the question 
of city smoke comes up again 
In the meantime, smoke precipitators have been improved, 
smokeless stoves burnmg bituminous coal have been devel- 
oped, and furnace attachments have been perfected which 
eliminate smoke Another approach to the problem is group 
heating of buildings, where highly efficient fuel-burmng 
equipment is in charge of an experienced fireman 
City smoke is wasteful, not only from the fuel standpomt 
but because it increases laundry and pamting bills and prob- 
ably has serious health implications It can, and should, be 
eliminated 


FOR FUTURE REFERENCE 

By using alummum as a coating for steel and as a deoxidiz- 
mg agent in the manufacture of steel, it is foreseen that 
the steel industry will become one of the prmciple cus- 
tomers of the aluminum industry The Department of 
Agriculture estimates that farmers in the United States may 
buy 200,000 tractors a year for the next three years . 
Despite cancellations, machine-tool manufacturers report 
huge backlogs of orders, especially in high-production 
machines, apparently few industries are willing to wait for 
release of government owned equipment, both because of the 
time element and the risk of obtainmg tools that are on their 
last legs In a recent housing survey, only 3 percent of 
the people questioned said that they were considermg pur- 
chase of prefabricated houses Fallen trees, left m the 
woods from one logging season to the next, may be saved 
from insect destruction by DDT 
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1 he RCA Radio Altimeter assures that the last mountains have lieen passed before letting down to the airport in the valley below. 


Measuring"0V0ry bump on the lundsoapo" 

~af 20,000 Foot! 


A radio altimeter — that mdicatts the ex«ict 
height above land or sea — is another RCA 
contribution to aviation 

Old-style altimeters gave only the ap- 
proximate height above sea level— did not 
warn of unexpected “off -course'' inoun tarns 

To perfect a better altimetei was one of 
science's most baffling problems So RCA 
developed an instrument so accurate it 
“measures eveiy bump on the landscape" 
from the highest possible altitudes so sen- 
sitive it can measure the height of a house 
at 500 feet! 

This altimeter— actually a form of radar 
-directs radio waves from the airplane to 
earth and back again tells the pilot ex- 


ictly how far he is from the ground warns 
of dangerously close clearance* “sees 
through heaviest fog oi snow 

All the radio altimeters used in Army, 
Navv and British aircraft were designed 
and first produced by RCA This same pio- 
neering research goes mto every RCA prod- 
uct So when you Imv an RCA Victor radio, 
Victrola television receiver, even a radio 
tube replacement, you enjoy a unique pride 
of ownership For you know it is one of the 
finest instruments of its kind that science 
has yet achieved 

Radio Coqioration of America, Radio 
City, New York 20 Ltsten to The RCA 
SJioxv, Sxindmj, 4 30P M ,E T , over NBC 



The RCA radip oltimpter will be u 
major contribution to the safety of 
post-war commercial Using The 
section at the left sends the radio 
waxes to earth and back again 
while the “‘box” at the nght— tim- 
ing these waxes to the millionth of 
a second— tells the navigator the 
plane's exact height in feet 
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BETTER GASOLINE 
IS HERE! 



You can utilize today's gasoline quality to 
pay extra dividends in power and economy 


B etter gasoline is no longer a 
hope — it’s a reality. Gasoline 
companies are now supplying gas- 
oline with improved base stock and 
higher octane ratings. 

This high-quality fuel will be of 
great value to truck operators, who 
£U"e faced with the changing condi- 
tions of the postwar world— heavier 
competition in the truck field, de- 
mand for better service, and the need 
for lower ton-mile operating costs 
Higher octane gasoline, used to full 


advantage, can hdp provide the extra 
power, performance and economy 
needed to solve these problems. 

In ordering new equipment, you’ll 
want to specify compression ratios to 
utilize better gasoline. Many engines 
now m service can also be brought 
up to date — can be modified to util- 
ize improved antiknock value. 

By keeping pace with gasolme im- 
provements you will be taking a long 
step toward more economical opera- 
tion per ton mile 


More potver from every gallon of gasoline and 
from every cubic inch of engine displacement throu^ 

RESEARCH • SERVICE • PRODUCTS 

JKTIIYE. COIIPORATIOIV 9 Chrysler Building, New York 17, N. Y. 
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Life-Blood Of 
The World 

Petroleum Wat Known and Used in Limited Wayt 
for Thousands of Years Before It Was First De- 
Uherately Sought After on a Commercial Scale. 
Then Came **Drake*s Folly^^ and the Dawn of the 
Petroleum Age. The Development of Production^ 
Transportation^ and Processing of Crude Oil Pre- 
sents a Vivid Background Against Which to Evalu- 
ate Achievements of the Petroleum industry 


By RUSSELL HOGIN 

Amencan Petroleum Institute 


R eal beginnings of the petroleum industry of the 
world date back only to the middle of the 19th 
Century, when Drake drilled the first well ever 
sunk m dehberate search of a supply of “black gold” 
Yet, as long as history has been recorded, and even 
before, mankind has been making use of petroleum in 
one or another of the many natural forms in which it 
is found The chariots of ancient Egypt’s pharoahs were 
greased with a lubricant provided by nature and the 
bodies of these mighty monarchs were preserved in 
pitch obtained from the same sources Herodotus re- 
lates that the walls of Babylon were cemented by a 
mortar of pitch, the curious round boats that have 
plied the waters of the Euphrates from the time of Ne- 
buchadnezzar to the present day are made water-tight 
with pitch, the Bible states that Noah’s Ark was made 
of gopher wood, pitched “within and without with pitch.” 

The Zoroastrians of ancient Persia built their temples 
around natural gas vents in what is now the Baku oil 
field and thus obtamed the “eternal fire” which they 
worshipped The more practical Chmese were using 
natural gas carried through bamboo pipelines to heat 
and hght their houses 2000 years ago, and Pliny tells 
us that oil from Sicily was burned in the temple of 
Jupiter. There are many other references to the use of 
petroleum m ancient times and there is, m addition, 
a large body of evidence of its use not set down m writ- 
ten history 

One of the strangest of the latter is that oil pits were 
dug m eastern North America at least hundreds of 
years before the first white man set toot on this con- 



OourtetT Drmke ifUMum 

The famoat Drake oil well rig at it appeared abovt 
1864* In the foreground, sitting on wheelbarrow, 
it ^^Uncle Smith, who did the actual drilling 

tinent These ancient workings in the oil regions of 
Pennsylvania, Kentucky, and Ohio have been examined 
carefully by a number of early historians who fairly 
well agree that these pits are hundreds of years old 
and that they were used to collect oil These workmgs 
had long smce been abandoned when they were first 
noticed by early-day explorers Large trees were grow- 
mg out of some of them, testifymg to their age 
Nobody knows who the ancient people were who 
dug these pits, nor the use to which they put the oil. 
The pits do not resemble the work of Indians, who were 
not given to the digging of wells These ancient oil pits 
were carefully prepared, frequently lined with timbers 
that had been hewn with stone axes, and m some cases 
were dug to a considerable depth. The evidence is 
strong that the eastern petroleum fields were producmg 
oil hundreds of years ago and on a more extensive 
scale than they were when the white man first pene- 
trated these regions. 

The first Europeans to visit the New World found the 
Indians collecting and usmg petroleum Spanish ex- 
plorers visiting Peru m 1527 named La Brea after the 
asphalt deposits there Juan Rodriguez Cabrillo, a 
Portuguese navigator m the employ of the Spanish, 
toured the coast of California in 1542-3 and found the 
Indians at what is now Carpenteria, Califorma, water- 
proofing their dugout canoes from a pitch deposit there. 
Cabrillo took advantage of the deposit to repair his 
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ships, as did many navigators in those distant days of 
uncharted seas and fragile wooden ships At approxi- 
mately the same time a group of the survivors of the 
De Soto expedition, attempting to make their way 
from the mouth of the Mississippi back to Mexico, were 
blown ashore near Sabine Pass, Texas, and repaired 
their boats at a nearby pitch deposit 

The first written reference to the use of petroleum 
on this continent m its more famihar liquid form was 
made in 1627 by a French missionary, Joseph de la 
Roche D’Allion This lay brother followed the Indian 
trails to a famous oil spring near what is now Cuba, 
New York, which was under the control of a branch 
of the Iroquois tribe whom the French called the “Neu- 
tral” Indians Warfare was forbidden m the area around 
the sprmg over which these Indians held sway, and ac- 
cess to the oil was open to all 

De la Roche recorded his experiences m a letter dated 
July 18, 1627, in which he said that “these Indians col- 
lect a good kind of oil called Antonotons, which is trans- 
lated to mean ‘oh how much there is of it * ” Other 
French missionaries later visited the spring, and by 
1670 it was marked on a map of the French colonies 

For two centuries thereafter, the story of petroleum 
follows an unvarymg pattern As the early traders and 
explorers followed the Indian trails across the Alle- 
ghenies, the Great Smokies, and up mto Texas from 
Mexico, they found the Indians collectmg seepage oil 
and usmg it as a medicine for themselves and as a cure 
for ailments of horses The early travelers and settlers 
followed their example 

The Indians had an unusual custom of “peace trails” 
and ‘Svar trails ” Situated on the peace trails were 
common necessities such as salt deposits, oil sprmgs, 
and the like. A party of Indians travelmg the peace trail 
could traverse hostile areas to obtain these necessities 
without danger of attack The early white men noted 
this and acted accordmgly The trail down Oil Creek 
in Venango County, Pennsylvania, was one of these 
peace trails Petroleum flowed as scum over the surface 
of this creek, which later was the scene of the first oil 
well and the first oil boom The seepage area m 
Nacogdoches County, Texas, was known to travelers 



^^Kicking down’’ a well in the early days of the oil 
industry was only a slight improvement on the method 
used in China for many centuries to sink water wells 


up the Spanish Trail as early as 1790 They collected 
the oil to use as a lubricant for the axles of their wagons 
and carts, m addition to the common use as a supposed 
cure-all for man and beast 
William Byrd III noted two oil springs southwest of 
Richmond, Vixginia, in 1705, although their exact loca- 
tion is now unknown and in 1753 George Washmgton 
and General Andrew Lewis received a patent on a sec- 
tion of land near Charleston, West Virgima, that con- 
tained a “burning spring ” All of these and doubtless 
many other oil seeps were known and visited by the 
early settlers 

DESPISED PETROLEUM — The world’s first oil well 
was drilled in 1859, but the method by which it was 
drilled was developed west of the Alleghenies m 1806 
Salt was a highly prized commodity m the newly settled 
western coimtry and the Ruffner brothers started a 
salt works m 1806 at what is now Charleston, West Vir- 
ginia Their procedure was to drill a well to salt water, 
which then would flow to the surface m artesian fash- 
ion; the salt was obtamed from the brine by evaporation 
The Ruffners’ method was to dig a shaft down to 



Oil well in Ohio« drilled in 1864, which hat continued to produce for over three quarters of a eentury 
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bedrock and to fix a "‘conductor * made of a hollow 
sycamore log in the shaft They then drilled through 
the log down to a depth of 58 feet, where they struck 
a strong flow of salt water The Ruffners encountered 
only a small amount of oil in their well, but did get a 
flow of natural gas which they used for fuel for evapo- 
ratmg the water from the salt Many of the later salt- 
well drillers were not so lucky They got large quanti- 
ties of petroleum, for which they had no use whatso- 
ever 

It IS of interest to note the Ruffners’ drilling method, 
not only because it was widely used in the early oil 
flelds, but because the Chinese had invented it 2000 
years before The chief feature of the method was the 
sprmg pole, a green tree trunk some 40 feet m length 
with one end firmly imbedded m the ground or attached 
to the butt of a tree The pole passed over a forked post, 
with the lighter, or spring, end of the pole extending 
over the drilling site The drilling tools were attached 



Courtesy Drake Memorial Museum 


Toolf used in drilling the Drake oil well in 1859 

to the sprmg pole These consisted mainly of a heavy 
length of iron, slightly sharpened on the end, and 
chamed to the spring pole A couple of men would 
throw their weight on the sprmg end of the pole, thus 
dashing the iron bit against the bottom of the hole 
There were a number of variations of this primitive 
method m later wells, but the sprmg-pole rig remamed 
m use for’ a long time 

For almost half a century after the Ruffners drilled 
their first well, petroleum was a despised and thrice- 
cursed mtruder to the salt-well drillers of the Ohio 
Valley region Nobody wanted it The small amount 
used as medicme and as a lubricant was readily ob- 
tainable otherwise and the remainder was not only a 
drug on the market, but a discouraging deterrent to 
the profitable business of obtaining salt. Oil ran out 
onto the ground from salt wells, floated down rivers 
and streams, caught fire, and served mankmd only as a 
topic of conversation in the pioneer countryside 

True, as early as 1819, men were suggesting simple 
refinmg methods to remove the unpleasant odor from 
bummg crude oil, thus making it available as an il- 
luminant, but nothmg was done about it at the time 
The best explanation for this apparent lack of fore- 
sight seems to be that the world simply was not yet 


ready for oil and men's imaginations had not envi 
its possibilities We do know that when oil was foih^ 
quantity m 1829 m Cumberland Coimty, Kentucky, 
as a result of the usual salt- well curse, it was allowed 
to flow for months down the Cumberland Riyer, reach - 
mg as far as Gallatm, Tennessee, 100 miles away. The 
oil later caught fire, and the “burning Cumberland” 
was noted and commented upon all over the burgeoning 
Umted States 

The times cried for a new source of light In common 
use were tallow candles, sperm oil lamps, pine knot 
torches, and open fires — essentially unchanged since the 
dawn of history The world wanted something better 
and m various countries men were seeking it. James 
Young of Scotland distilled “paraffine oil” from shale 
and coal in 1848, Abraham Gessner, a Canadian, started 
the manufacture of illuminating oil from coal at about 
the same time Gessner called his product “kerosine,” 
but “coal oil” was the popular name for it for years to 
come Tiny refineries sprang up throughout the United' 
States and a brisk mdustry was aborning when Colonel 
Edwin L Drake drilled the world’s first oil well on the 
banks of Oil Creek, near Titusville, Pennsylvania, on 
August 27, 1859, and the Petroleum Age began 

DEVELOPMENT STARTS — Many men had a part in 
that first oil well It was the result of a cham of actions 
The time was ripe for begmnmg the development of, 
this great natural resource and men and events moved 
m sequence to brmg it about f 

George H Bissell, New York lawyer and New Haven 
businessman, started it The story goes that, m 1854, he 
visited Dartmouth College, his alma mater, and called 
upon Professor Crosby of the chemistry department.! 
The professor showed Bissell a small bottle of crude 


Well drUling in the early days of the oil indvstry 
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Photo taken In 1865 Courtesy The Texas Company 

Within a few years after the Drake well was brought in, oil derricks dotted the Pennsylvania and Ohio country sides 


oil sent by his nephew, Francis B Brewei , who had col- 
lected it from an oil spring on his father’s land near 
Titusville, Pennsylvania 

Bissell was impressed Here was Opportimity with a 
capital O and he determined to take advantage of it 
Persuadmg his former law partner, Jonathan G. Eve- 
leth, to jom him, Bissell leased, in November of 1854, 
105 acres of land from Brewer for 99 >9ars without 
royalty The price was $5000, $500 down and the rest 
on notes from Bissell 

The openmg move of this first oil operation was to 
have the land trenched to collect the surface seepage 
oil When three barrels had been collected, they were 
sent to Benjamin Silliman, Jr, professor of chemistry 
at Yale University 

The report of this chemist is a monument to scientific 
analysis. He analyzed the many components of the 
crude oil and set the pattern for refining that has en- 
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One of the early Pennsylvania oil refineries 


ured to this day He concluded with the statement that 
many valuable products could be obtamed from petro- 
leum That did it While it took Bissell live years to get 
an oil well — and many more years for refining to emerge 
from its swaddling clothes — nevertheless the basic facts 
about this great mineral resource were resolved 

ORGANIZING FOR OIL — Backed by the Silliman re- 
port, Bissell and Eveleth obtamed limited backing from 
a banker, James M Townsend, and others and that same 
year, 1854, the Pennsylvania Rock Oil Company was 
formed The company later was reorganized as the 
Seneca Oil Company and it was this latter concern 
that drilled the Drake well 
There was Bissell, then, with oil land, with capital, 
and with a report that mdicated a profitable use for the 
product The problem was how to get it out of the 
ground m commercial quantities Samuel M. Kier, a 
salt-well owner of Pittsburgh, provided the answer 
Kier, associated with his father, had put down two 
400-foot salt wells on the Allegheny River near Pitts- 
burgh True to form, they produced some oil The re- 
sourceful Kier, having no ready market for his oil, put 
it through a crude refining process, and puf it up in 
half-pmt bottles labeled “Kier’s Petroleum or Rock 
Oil, Celebrated for its Wonderful Curative Powers. A 
Natural Remedy Produced from a Well in Allegheny 
County, Pennsylvania, 400 Feet Below the Earth’s Sur- 
face” Alongside the lettering were drawings of the 
derricks used in bormg and pumping the brine wells 
Bissell saw one of these bottles m a New York drug 
store window in 1857 and decided immediately to drill 
for oil m the same manner in which salt wells were 
drilled. Colonel Edwin L. Drake, a 40-year-old railroad 
conductor, was hired by the company to go to Titusville 
and arrange to drill a well. 

Colonel Drake, whose title was purely complimentary 
although it stuck to him for life, reached Titusville m 
May, 1858, and proceeded to encoxmter every kind of 
trouble possible to a new venture He was beset by lack 
of finances, lack of faith, and lack of knowledge His as- 
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sociates failed to meet their financial comnutments and 
Drake was forced to stram his own limited credit to the 
utpaost. The coimtryside, almost to a man, scoffed at the 
idea of drilhng for oil “Drake’s Folly” became a topic 
of conversation as far away as Pittsburgh. 

Drake was a patient, steadfast man, however He vis- 
ited the salt wells at Tarentum and studied dnllmg 
methods and talked to salt-well drillers. Fmally, he 
found the experienced driller he needed for his experi- 
ment. That man was “Uncle Billy” Smith, who was as- 
sisted by his two sons The well was rigged up in June, 
1859, close by the oil sprmg fiom which Drake had been 
collectmg seepage oil 

Then Drake made his big contribution to oil drilling 
He had an iron pipe driven from the surface down 39 
feet to solid rock The drill stem was inserted in the 
pipe and the world’s first oil well was on its way On a 
sultry Saturday afternoon, August 27, 1859, Uncle Billy 
foimd oil bubbling m the pipe within a few feet of the 
surface Bottom of the hole was at 69% feet 

Uncle Billv jumped on a mule and hurried to Titus- 
ville to spread the good word That oil brought $20 a 
barrel Less than three yeais later, oil was down to 10 
cents a barrel, so rapidly had the Oil Creek region be- 
tween Titusville and Oil City been drilled after Colonel 
Drake pioneered the way 

For a good half dozen yeais or more, the Oil Creek 
area was a milling maelstrom of brawlmg rivermen and 
teamsters among closely packed oil wells Vice flourished 
openly Conflagrations were of almost daily occurrence 
Mud--deep mud — was everywhere It was a wild and 
roaiing time as a great industry went through its birth 
pams 

Refineries sprang up at Oil City, Pittsburgh, Phila- 
delphia, Cleveland, and New York (The first one was 
built at Titusville in 1860 by William Bamsdall and 
William H Abbott ) These small “teakettle” refineries 
had one principal product, kerosine Gasoline, produced 
naturally and as a by-product of kerosme refinmg, was 
known as “volatile spirits” oi naphtha and was the 
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In the 1860 s, before the edTent of pipe lines, oil 
was transport^ in drums by slow horse-drawn wagons 


curse of the industry It was a dangerous nuisance that 
sometimes contammated kerosine, causmg lamps and 
lanterns to explode Hence the gasolme at refineries was 
shot into the air as gas, dumped mto lakes and streams, 
burned — or gotten rid of by whatever other expedient 
the exasperated refiner could find 

OIL TRANSPORTATION — Earliest method of trans- 
porting crude oil from wells to refineries was in barrels 
carried on lumbermg horse-drawn wagons Dirt roads 
and mud limited severely the quantity of oil that could 
be carried and the speed with which it could be moved. 
However, from the middle 60’s on, the mdustry made 
good progress in solving the important problem of trans- 
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Delivering kercMine in the old horse and hnggj days Fuel oil Is delivered to homes today by tank tracks 


portation. The first successful “long-distance” pipeline 
was constructed in 1865 by Samuel Van SyckeL It was 
a two-mch line, five miles long, in the Oil Creek 
region In 1874, J J Vandergrift and George W Fore- 
man built the first trunk line — 60 miles of four-inch 
pipe from the Oil Creek area to Pittsburgh and four 
years later work was begun on a line across the Alle- 
ghenies to the Atlantic seaboard 
The railroad tank car made its first appearance m 
1865, to be followed three years later by the prototype 
of the present horizontal, cylmdrical tank Tank ships 
made almost equally rapid strides The first transoceamc 
shipment of oil was one of five barrels from Philadelphia 
to London m 1861 By 1869, the Charles was fitted with 
59 separate iron tanks with a total capacity of 714 tons 
and she plied regularly between the United States and 
Europe In 1872, Palmer and Company of England built 
the first tank steamer, the Vaterland, for the Red Stai 
Steamship Company of Antwerp and by 1885 more than 
1000 vessels were transporting American oil across the 
waters The “Lamps of China” were far from being 
the only ones that burned American oil 
Drilling and production of oil spread rapidly during 
these years Oil was found in California in 1866, largely 
as the result of a report on California oil by Professor 
Silliman, similar to his 1854 report on Pennsylvania 
crude In the east, production spread into West Virginia, 
Ohio, and Kentucky and later into lUmois, Indiana, 
Kansas, and Oklahoma Dry holes were not very ex- 
pensive in those days of shallow wells, any surface in- 
dication of oil — or nothing more convmcmg than a 
hunch — ^was enough to set off a drilling campaign 
The present-day highly developed science of petro- 
leum geology was practically non-existent, particularly 
insofar as the average producer was concerned. Men 
of learning were developing, debatmg, and expanding 
the anticlinical nature of petroleum deposits, but knowl- 
edge of their findings was confined to the few. All the 
crude necessary to meet the demands of the kerosine 
trade and the lubricants market was being produced, 
so the urge for more intensive exploration was wanting 

GASOLINE ENGINE — Meantime, there was develop- 
ing in Europe the invention of the gasoline engine, 
odiich was radically to alter the entire nature of the 
petroleum industry and transform the life of the world. 

Many men had made satisfactory models of engines 
based upon the principle of a piston driven by an ex- 
plosive charge before Nicholas Otto and ^8en Langen 
brouj^t out the father of the modem ga|imne engme in 
1877. It remaified for Otto to realize, ^wever, the im- 
portance of compression in the internal combustion 
engine His engine worked and his factory near Cologne 


was kept busy turning out these new stationary engines 

It did not take long for others to put wheels on the 
Otto engme Steam carriages had been made for a bun- 
dled years and the application of the gasoline engine 
to the “horseless carriage” came rapidly Carl Benz 
patented his machine in 1886, and Gottheb Daimler’s 
appeared almost simultaneously. Americans were not 
far behmd Charles Duryea, Elwood Haynes, and Henry 
Ford all made cars in 1892 Four years later, these three 
cars and one made by Benz in Germany were the only 
four automobiles in the United States Yet, m 1900, 
more than 4000 cars were built in this country and in 
1910, 368,000 cars and trucks were turned out. 

The impact upon the oil industry of the resulting 
demand for hitherto-despised gasoline was terrific Men 
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Today wells are bored milea deep by iri-eone roller- 
bearing rock bits wbleb Cia tbelr way by a rotary 
motion* Many of these bits are two feet in diameter 
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hunted long and hard for new oil fields and found them 
The national production of 30 million barrels in 1832 
had risen to 63 million in 1900 and by 1910 had reached 
209 million barrels 

Even this greatly increased production of crude oil 
failed to meet the growmg demands for gasohne avail- 
able from the simple distillation methods then in vogue 
^*Straight run** gasoline, as it was called, is produced 
by heatmg crude oil and condensmg the resultmg 
vapors. More gasoline was needed than this method 
could produce 

The gasoline supply situation was tight when, m 1911, 
Dr W M Burton patented the “cracking** process and 



Courtesy Standard Oil Company (N J ) 

Gigantic hooks, taller than a man and weighing sev- 
eral tons, are used in modern drilling operations 


the first crackmg plant was built at Whiting, Indiana 
This method, m effect, subjects crude to both heat and 
pressure so that larger molecules in the crude oil — 
unsuitable for motor operation — are broken up into 
smaller molecules that work efficiently in a gasoline 
engme 

SCIENTIFIC METHODS — As the demand for crude 
oil rapidly increased, producers sought the help of 
science in determming where to drill Easily-found 
fields were becoming far less common Drillmg costs, as 
deeper holes became necessary, went up So, slowly at 
first but in ever-mcreasmg numbers, the petroleum 
geologist became a man of prime importance in the 
mdustry He mapped areas of petroleum promise, look- 
mg for evidences of the folding and faultmg of rock 
structures that form oil traps He studied rocks for 
porosity He brought the physicist, the paleontologist, 
and the engmeer onto his team so that the search for 
oil became a painstaking and precise, if not an exact, 
science With his help, more than 400,000 wells are pro- 
duemg oil m the United States today 
The years from 1910 to the outbreak of the recent 
war were ones of steady progress for the petroleum in- 
dustry. Scientific exploration replaced the hit-or-miss 
methods that had gone before The seismograph and 
the magnetometer came into general use and the search 


contmued for an exploratory device that would disclose 
the definite presence of oil instead of merely locating 
formations that might or might not contam it That de- 
vice still remains to be found, however, and only the 
drill actually discovers oil 

Great progress was made m drillmg methods. While 
the rotary drill has, to a considerable extent displaced 
the older percussion or cable-tool method, both remam 
in use Rotary equipment has grown heavier through 
the years and has been vastly improved m many re- 
spects It is the rotary drill that makes possible the 
deeper wells of tbday The world*s deepest drillmg m 
Texas, is more than three miles down — 16,555 feet, at 
last reports — and the world’s deepest production is 
from a Louisiana well, at 13,520 feet. 

For many years one of the bugbears of drillmg was 
the crooked hole As the bit went down it frequently 
was deflected by hard rock formations and the result- 
mg “bottom hole** might be as much as 1000 feet to one 
side of its surface opening Science changed that during 
the *20s by a number of devices, mcluding underground 
photography, that enables the driller to determme ex- 
actly where his well is gomg and to correct deviations 
In addition, by use of a weighted bit, directional drill- 
ing is now possible, enablmg wells drilled on land to 
tap oil formations under the ocean, lakes, or rivers 
These are only a few of the thousands of mventions that 
have made possible precision drillmg thousands of feet 
into the earth’s surface 

Equally great progress has been made m the pro- 
duction of oil In the older fields, from 20 to 30 percent 
of the crude in a given formation was recovered Today. 
1 0 to 80 percent is brought to the surface Agam, every 
blanch of science has been used to achieve this result 

Conservation piacticcs now in vogue under state 
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laws, are of great impoi lance in making this increased 
recovery possible These practices prohibit the indis- 
criminate drilling of wells, dissipation of gas pressures, 
and wasteful production They are designed to provide 
the largest possible total recovery of oil from under- 
ground formations rather than immediate flush produc- 
tion 

Another outstandmg contribution to oil production 
was the perfection of the “Christmas tree” connection, 
so named because of its many arms and blanches The 
“Chiistmas tiee” has ended, almost entiiely, the wild 
well that was for many yeais a featuie of the oil field 
landscape The “gusher” is a thing of the past When a 
well comes in nowadays, legardless of size, pipe con- 
nections already are in place to keep it under constant 
control 

ENGINES AND FUELS — The spectacular advances 
made in refining, both of motoi fuels and lubricants, 
aie well known Improvements in gasoline engine de- 
signs consist largely of increasing the compression ratio, 
that is, mcrcasing piessure in the cylinders m which 
combustion takes place This gives moi e power from the 
same size engine with a smallei consumption of fuel 
As motor designers and peti oleum refiners learned that 
the motor must be geared to the fuel, and vice versa, 
for efficient performance, they “teamed up” in their re- 
search activities Steady improvements in the crack- 
ing piocess made possible gasolines to fit any motor de- 
sign Engine lubricants weie improved by additives 
that mcreased their adhesiveness to metal and con- 
trolled their viscosity The general tiend ]ust before the 
outbreak of World War II was moie and more away 
from ordinary gasoline and lubricants and toward syn- 
thetic or “built up” products that render better per- 
formance 

At the same time, the number of products obtamed 
fiom petroleum, other than gasoline and lubricants, in- 
ci eased enormously A modem lefinery makes some 
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2000 products, from which thousands moie aie made 
by other processors For more than a decade, every 
household and eveiy industry has depended directly, 
in one way or another, upon petroleum products in 
some of its myriad forms 

While the oil pipeline had its genesis in the 1860*s, 
tremendous pipeline development took place in the 
20 s and 30’s Today, a network of approximately 150,000 
miles of mam trunk pipelines stretches throughout the 
countiy, and thousands of miles of gathering lines ex- 
tend through all the nation’s oil fields By 1941, a 
mai keting system had been built up that employed some 
750,000 persons and had more than 300,000 retail outlets 
in every section of the country 

Thus, at the outbreak of the greatest war in history, 
the petroleum industry was a strong one, with the men, 
the materials, and the “know how” to produce manv 
and varied pioducts No one had any inkling, howevei 
of the industrial miracles the petroleum industry would 
be called upon to perform m the recent war 

The first was aviation gasolme Only two refineries 
m the United States made 100-octane gasoline befoic 
the war, and the 35,000 barrels a day which they turned 
out was ample for all civilian and military demands 
The armed services suddenly demanded 100-octane fuel 
in vast quantities Processes with which researchers 
had been experimenting m their laboratories were 
rushed to full-scale production Every refinery m the 
country was assigned some part in the great task and 
development went on at a feverish pace One-hundred 
octane, the supposed perfect gasoline from an anti- 
' knock standpoint, has been topped so frequently that 
the motor fuel which powers a B-29 Superfortress, for 
instance, can hardly be called gasoline In the usual 
sense Triptane (2, 2, 3-trimethyl butane), the newest 
laboratory wonder fuel, gives four times as much power 
as 100-octane gasolme and has been developed so rapid- 
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• Life moved at a leisurely pace in 185 5 when R T Crane first opened his 
little foundry The horse-drawn carriage was the last word in private trans- 
portation, clipper ships with their spreading sails were deemed fast enough 
to carry the world’s cargoes, and chugging locomotives transported their 
freight only as far as the brawling frontier towns on the Mississippi. 

But 1859 marked an end to the leisurely life our forebears knew, for in that 
year a foresighted pioneer broke the soil of Pennsylvania and out gushed a 
stream of oil Almost unnoticed at the time, this development denoted the 
birth of our modern age of speed, for from it stemmed such forms of trans- 
portation as the family car— the giant Diesel locomotive— the airplane— and 
the luxury liner 

The petroleum industry— typified by wells that bore three miles below the 
earth’s surface — by the huge refineries whose daily output is measured in mil- 
lions of barrels — by the giant pipe lines carrying gas and crude half way 
across the nation — has come a long way 

And at every step in this progress. Crane has shared in this triumph, match- 
ing the technological development of the industry with new valves and fittings 
designed to withstand ever increasing pressures and temperatures 

1945 marks Crane’s 90th anniversary— 90 years devoted to meeting the 
demands of all industry for better piping Today, the Crane line includes every- 
thing a buyer of piping can want, and Crane distribution, nation-wide in its 
scope, serves every section of the country. 

CRANE CO , 836 South Michigan Avenue, Chicago 5, Illinois 



Today's cracking plants ropresont a 
vast improvement In refiling tech- 
nology Crane hat played a leading 
role in developing piping equipment 
that has made these new techniques 
possible. 


VALVES • riTTINGS • PIPE 


P R A N E 

Im /^\ I N PLUMBING • HEATING • PUMPS 

BRANCHES AND WHOLESALERS SERVING ALL INDUSTRIAL AREAS 
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OMurttiy BUndftrd OU Company (N J) 

Woi*kiii|[ on on oil drill eollor* Tlirooded endi of 
pipe lengthi mnct be eerefnllj Joined to ininre the 
tncc^sfnl operotiop pf the well«dri]Unf e<|nlpment 


ly that motor designers have not been able to perfect 
an engme to use it It is employed now to blend with 
lower grades of aviation gasoline to improve their 
quality 

American refineries at the close of the war were mak- 
mg more than 500,000 barrels of aviation gasoline a 
day, 85 percent of the world’s production 

War suddenly called for lubricants that would work 
equally well in Greenland or on an equatorial island. 
A plane standmg on the North African desert, for in- 
stance, might take off from an airport where the tem- 
perature stood at 140 degrees, Fahrenheit In a few 


mmutes it would be m the stratosphere where the tem- 
perature stood at 60 below No lubricant had ever been 
designed, for quantity production, that would perform 
under those conditions. It was vital to the war, so this 
nation’s petroleum scientists produced it— as Aey did 
many another “impossibility,” 

The list of war-time petroleum industry accomplish- 
ments is long, synthetic rubber; rust preventives, DDT, 
the wonder insectiade, vast quantities of fuel oil for 
our mighty Navy, asphalt for temporary landing fields, 
and a hundred others. A case in point is that of Diesel 
fuel Just prior to the war there was approximately 10 
miHion Diesel horsepower in operation m the United 
States, by the end of 1944 it totaled 80 million horse- 
power and the needed fuel was available. 

The American petroleum industry “oiled” World War 
II as it did World War L In 1918, the military forces 
of the Allies consumed about 39,000 barrels of gasoline 
per day. In World War II, the daily military gasoline 
demand reached 800,000 barrels, and gasoline is only 
one of many products which modem war requires of the 
petroleum mdustry. This tremendous with the 

United States 8 uppl 3 ang 69 percent of all petroleum 
products, has had, of course, its repercussions upon all 
phases of the mdustry. Production reached an all-time 
record of 1,678,000,000 barrels of crude m 1944 This was 
achieved m spite of manpower and material shortages 
of serious proportions. 


HYDROCARBON CHEMISTRY — Today the petrole- 
um industry looks ahead to a new and vaster usefulness, 
based upon hydrocarbon chemistry Science has solved 
the secret of the hydrocarbon molecule, and a great 
new vista of synthesis has opened up The fuels and 
lubricants of today are synthetics, chemically arranged 
for the best possible use of the tremendous energy 
locked in petroleum and natural gas In addition to 
these, there are hundreds of new chemical products 
in the raakmg, based upon synthesis of the hydrocarbon 
molecule. The industry is convinced it is standing on 
the threshold of great achievement — a tribute to its 
leaders who never have hesitated to spend millions of 
dollars, year in and year out, foi scientific research 



uoamt9 lA. «r K dprt Oompm 

Partial view el one of world*! largest oil refinerlet. It eovere 640 aeree* The three flant caulytlc craeking iiniu 
are of tkyicraper height* Beeidee other prodoeu, thlt refinery prodiieee over 70,000 harrols of gasoline daily 
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VICTORY 

LOAN! 

There's plenty of action ahead for 
iast>thinking industnal leaders in 
putting over the new Victory Loan* 
Your Victory drive is important be- 
cause 

EVERY ViaORY BOND HELPS TO 

J Bring our boys back to the 
America for which they were 
wilhng to give their hvesl 
2 Provide the finest of medical 
care for our wounded heroes I 

BOOST THE NEW F.D. ROOSEVELT 
MEMORIAL 9^ BOND ! 

Urge all your employees to buy 
this new Franklin Delano Roosevelt 
Memorial $200 Bond through your 
Payroll Savings Plan* At all tunes 
better than ready cash, Victory 
Bonds are industry's "Thanks" to 
our returning heroes* 

START YOUR VICTORY DRIVE 
TODAY* 

Every Victory Bond aids in assur- 
ing peacetime prosperity for our 
veterans, our nation, your employ- 
ees—and your own industryl 



The I reasury Department acknou ledges with appreaatton the publtcatton of this message by 

Scientific American 


•jf Thu u an ojfiaal U S Tnasury adurtument prtpanJ ttndtr tht ampins of tht 1 rtasnry Dtpartmtni and War Advtrlistn^ Council ★ 
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ENGINEERING Conducted by EDWIN LAIRD CADY 


Precision Quenching 


By Control of the Pressure, Temperature, ond Turbulence of Quenching 
Mediums, Engineers Have Made it Possible to Predict, With High Ac- 
curacy, the Exact Amount thot Metals Will be Distorted by Heot Treat- 
ment Through Use of these Methods, Machining Time Can be Reduced 


YY HEN makers of metals shav- 
mg machines announced 
that they could predict within a 
few ten thousandths of an inch the 
amounts and directions m which 
metal parts would warp and change 
dimensions when bemg h^at treated, 
they added one more bit of evidence 
to the belief that precision quench- 
ing will bring a brand new era 
to the metals fabricating arts 
Precision quenching is itself an 
application of machmeiy to estab- 
lish and control the shapes and sizes 
of finished pieces It is a mechanical 
engineering art But it is mechani- 
cal engineering wed to metallurgy 
And Its real effects will extend far 
beyond the development and use 
of equipment for its own operation 
To the extent that precision 
quenching proves practical, every 
production machine from the hum- 
blest lathe or drill press to the most 
highly organized automatic will 
find the work assigned to it affected 
Grinding and lapping — those final 
operations of super-finishmg and of 
ultimate accuracy — will be displaced 


from one operation, "1Se given brand 
new opportunities to improve an- 
other. 

Product designers will select ma- 
terials and design parts m shapes 
which never before were practical 
for production Imes. The metal- 
lurgist will move still farther out 
of his cloistered laboratory (he has 
been inching his way out of there 
for a long time) and still closer to 
a post along the production hne 

The process of quenchmg has been 
known for thousands of years The 
steel or other metal part is heated 
to a temperature which varies with 
the material As it approaches this 
temperature it goes through a 
“critical range” during which its 
granular structure changes. If it is 
then allowed to cool slowly enough 
the granular structure may change 
back again But if it is cooled quick- 
ly enough the granular structure 
can be trapped m its changed con- 
dition Then the metals m accord- 
ance with Its nature and the way 
the whole heat-treating operation 
was carried out, will be harder, 


stionger, more elastic, or have other 
characteristics which are more de- 
sirable for its purpose than the ones 
it had before it was heat treated 
The quick cooling is accomplished 
by plungmg the heated part into 
water, oil, air, salt compounds, soft 
metals, or other media, this opera- 
tion is known as quenching 

MORE USES — It IS not surprising 
that the makers of precision shavmg 
machmes and of other equipment 
which machines so accurately that 
final grinding of parts can be elim- 
inated, should be among the pio- 
neeis in precision quenching Pre- 
cision quenchmg aims at the accu- 
rate control of surface finishes, 
dimensions, and contours of parts 
as well as control of granular struc- 
tuies and characteristics If the sur- 
faces and dimensions aie changed 
by non-precision quenching then 
they must be restored — and in 
some cases created — by grinding 
This means that many a part will 
not be finished accurately until 
after it has been quenched, since 
that accuracy would only be de- 
stroyed by the heat treatment 
Thus, accurate machining propon- 
ents could even be opposed to the 
need for leavmg enough “grindmg 
stock so that no matter how the 



Ocnrtm Btthlebdk StMl OoniMAy Oourtttr SurtMt OombtitUon 

Hot motol bors bting rtmovod from high temporoturo Hordoniiig motol ports without brittleness moy be done 

chomber of heating furnoce onto quench tonk rollers on the production lino by quenching in molten solt 
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Right "Jet" 
quench 
nozzles in 
roller- heorth 
electric 
furnoce 


Below Geor 
revolves in 
heater coils 
during 

automoticolly 
controlled 
heating and 
quenching cycles 
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pait nugliL waip in llxe quenching 
it could still be ground true to size 
and shape But with precision 
quenching the parts can be ma- 
chined accurately before hardening 
and high-accuracy machining equip- 
ment will find more employment 
accordingly 

Hard on the heels of these ma- 
chme makeis are the producers of 
inexpensive plain caibon and “low” 
alloy steels and of aluminum, mag- 
nesium, and othei alloys There is 
many a low cost alloy which could 
be given baldnesses and othei 
charactci istics good enough to ena- 
ble it to displace higher cost alloys 
if only it could be quenched without 
warpage, internal weakening, or 
outright breakage Moreovei , the 
highei cost “high” alloys could find 
brand new fields of usefulness if 
this same quenching problem could 
be solved for them 

Warpmg and other deforming is 
almost entirely a function of the 
speed with which the heat is re- 
moved fiom the part Usually the 
entire part is heated, although there 
is some “skin hardening” m which 
only the suiface of the part is 
heated before being quenched But 
m any case the heat must travel 
from its mneimost penetration out 
to the surface of the part and then 
be removed If a part has thin sec- 
tions mtegial with thick ones (ex- 
ample the teeth of a gear integral 
with its mam body or hub) then 
the heat will tend to travel out of 
the thin sections while the thick one 
IS still veiy hot, and the teeth may 
warp But if that same gear can be 
so quenched that the thick part and 
the thm paits cool at rates which 
are not out of satisfactory balance 
with each other then the warpage 
can be held wuthin controllable 
limits 

And those amounts of warpage, 
together with then diiections, can 
be predicted Thus the art of pre- 
cision quenching becomes one of 
foretelling exactly what the warpage 
will be and of allowing for it, and 
quenching becomes a means of 
making planned changes m dimen- 
sions and contours of parts — an 
art to take its place beside those of 
machining and grinding as a means 
of obtaining final shapes and sizes 

Side by side with the warpage 
problem is that of the natures of 
alloys If heated above their criti- 
cal ranges and then plunged mto 
cold water, some high alloy steels 
would liteially explode mto small 
fragments when their exteriors 
cooled and contracted much more 
rapidly than their interiors Some 
low alloy or carbon steels, by con- 
trast, fail to harden because there 
IS no quenchmg medium which will 



Courtesy Icpel HiKh Frequency Laboratorie' Inc 


lemovc their heat lapidly enough 
Between these two extremes, var- 
ious alloys can acquire all soits of 
locked up or residual stresses dur- 
ing quenching operations The 
locked up stresses may not waip or 
break the part at once but they 
will cause it to warp or “creep” 
gradually over a period of years or 
they will make their presence 
known by warping the part the fiist 
time it is machined, strained, oi 
slightly injured so as to afford the 
stresses a path of escape And all 
of these problems are related to the 
speeds with which quenching me- 
diums remove heat from the paits 
So the precision quencher must 
predict the exact amount and direc- 
tion m which the part will warp 
oi change m size, must make the 
part so that after warping it will 
be to the required size and shape 
within a few ten thousandths of 
an inch, and must do all this while 
respecting the bphavior of the alloy 
of which the pirt is to be made 

MODERN MEDIUMS-The first re- 
source of precision quenching is the 
wide list of modem quenching me- 


diums It is the boast of large oil 
compaiues and other makers of 
quenchmg mediums that they can 
give the metallurgist any quenchmg 
speed he wants, from the extremely 
rapid one of wetting- out additives 
m water to the extremely slow ones 
of lime and asbestos products, with 
all the speed gradients of various 
oils m between The medium can be 
suited to the desired speed 

Mechanical control of the entiie 
quenchmg operation is the second 
but by fai the more important re- 
souice In fact, precision quenchmg 
depends far more upon mechanical 
engmeeimg than upon outright 
metallurgy 

The temperature of the quenching 
medium must be controlled me- 
chanically This IS largely because 
the speed with which the medium 
quenches is largely dependent upon 
its temperature Quenchmg mvolves 
the transfer of heat from the metal 
to the medium, and smce the rate 
of heat transfer is directly affected 
by the temperature difference be- 
tween the hot and the cold body 
a heated medium (medium for me- 
dium) will quench more slowly 
while a cooled one will quench moi e 
lapidly 

Viscosity of an oil, or of any other 
medium which is subject to wide 
changes m viscosity, will be af- 
fected by temperature And the 
quenchmg speeds of oils can vary 
widely with their viscosities Fur- 
thermore, the viscosity of an oil 
affects the ease with which it can 
be caused to impmge upon all sui - 
faces of the metal part simultan- 
eously or to reach selected sur- 
faces in selected sequences, which- 
ever IS desired, heavy bodied oils 
are much harder to control in this 
respect than hght bodied. 

Water and oil vary directly m the 
effects of their gasifying when used 
as quenchmg mediums The steam 
from water has less cooling ability 
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than the water but the vapor irom 
oil has slightly more than the oil 
itself* The water therefore may be 
used at the coldest practical tern* 
perature so as to mcrease the 
amount of heat it will take away 
from the metal before turnmg mto 
steam, while oil is quite commonly 
used at temperatuies rangmg from 
110 to 120 degrees, Fahrenheit 
One effect of gasifymg is that the 
medium will impose one cooling 
rate wheie it is striking the metal 
as a liquid and another where it is 
impingmg as a gas only Control of 
this factor is among the newest and 
least developed arts of precision 
quenching Water may be mixed 
with such additives as sodium chlor- 
ide to decrease the rate at which 
it will gasify and thus mcrease the 
net area which it contacts as a 
liquid — thus increasing both the 
speed and the uniformity with 
which it will quench — or it may be 
mixed with soaps and other addi- 
tives to achieve the opposite effects 
Oil may be fed at varying tempera- 
tures to change the areas impmged 
upon by liquids and gases — shop 
men say “for every oil and every 
job theie is an ideal temperature*’ 
— and it, too, can be varied m its 
action by the use of additives 

SPEED REDUCED--Oil under high 
temperature conditions will oxidize, 
with the result that its quenching 
speed IS reduced Large batches of 
quenchmg oil, as much as 5000 gal- 
ons at a time, have had to be dis- 
carded for this leason Oxidation 
inhibitors can be used, but tests 
have shown that after the oils have 
been held foi moi e than two or 
three hours at greatly elevated 
temperatures, some of the most 
common of these inhibitors lose 
their effectiveness and the oils oxi- 
dize just as rapidly as if they were 
not present This is just one more 
leason for the mechanical control 
of the temperature of the quenching 
medium 

In precision quenching, materials 
handling must be exact Parts must 
be taken from the furnaces or other 
heating means to the baths with 
minimum exposure to the air They 
must be held in exactly the right 
positions and go thiough the bath 
or be exposed to the jets of quench- 
ing medium while travelling at the 
correct speeds 

Cleaning of the parts to be 
quenched is another mechanical 
engmeermg function Research has 
shown that any fine chips or other 
“metalUc dirt” placed m the oil 
bath at quenchmg temperatures will 
act as a catalyst to hasten the oxi- 
dation of the oil This has definitely 
been proved for alloys which con- 



Stainless steel bein« subjected to 
rtgulorly conducted pilot tests to 
determine response to heot treotmcnt 


tain any non or copper, but alumi- 
num and magnesium are suspect as 
well Lead is a catalyst, it must not 
get mto the bath Any shop dirts 
can be contaminants 

TURBULENCE— Feedmg of the oil 
to the parts to be quenched is one 
of the most important mechanical 
engineermg functions Turbulence 
m heat transfer from metals to 
liquids is a vital aspect of the prob- 




STIFFENING SHEETS 

Can be Accomplished by 

Backing or Denting 

I T IS nearly impossible to bend the 
edges of large sheets of thin metal 
without bulging or curving the main 
or “flat” areas to some degree Even 
when dead-soft sheet stock is used 
there is some spnng-back of the 
sheet after making the bend at the 
edge, and if the unbent area is large 
enough this sprmg-back will appear 
as shght curvature near the edges 

In most cases the only damage 
done by this bulge is that the metal 
makes a shght noise when anything 
presses against it — that noise often 
being called the “oil-can effect” be- 
cause it IS caused by the same action 
that makes the well-known noise of 
pressmg a thumb against the bot- 
tom of an ordinary oil can But thib 
noise almost never is desirable and 
in some cases (for example, the 
large thin sheet surfaces of airplane 
parts) it can be highly undesirable 

One way of removing or minimiz- 
mg the noise is to fasten the thin 
sheet to a thin but stiff backing ma- 
terial such as plywood. Heife the 
modem glues are valuable. They 
will hold the metal to the wood 
while compensating for the differ- 
ences of thermal expansions and 


lem It has been shown that oil can 
be made to approach the quenching 
spe^ of still water i! directed 
against the work with sufficient 
pressure and turbulence — that those 
factors of pressure and turbulence 
alone can multiply the quenching 
speeds of various mediums by three 
or, through control, by any desired 
amount up to three Many engineeis 
prefer to use just one quenching 
oil for all of their work and to vaiy 
its coolmg speed by the tempera- 
ture, piessuie, and turbulence with 
which it IS fed 

Often the solution of a quenching 
problem is to direct a stream of the 
quenching medium at some one part 
or area of a part, or at selected or 
successive areas, before the part as 
a whole is quenched Tricks like 
these bring quenching into the 
realm of the designing and operat- 
mg of quenchmg machinery Mod- 
em precision quenchmg, then, is a 
marriage between metallurgy and 
mechanical engineering, with the 
metallurgist saying what is to be 
done and the mechanical engineei 
showing how And this new art may 
change many phases of metals pro- 
duction and machine design 


contractions of the two materials 
Another way is to corrugate oi 
otherwise bend the metal to stiffen 
it and reduce its motion under pres- 
sure And here many new tech- 
niques are bemg developed 
Rather than gomg to the extreme 
of actually corrugatmg the sheet, 
special pressing dies are used to put 
slight bends or dents mto the flat 
area after fabricating or shaping the 
edges Corrugatmg could have the 
disadvantages of adding to the total 
weight of sheet necessary to cover a 
given area, or of providing hollows 
m which dirt could be entrapped or 
by which air resistance would be in- 
creased Controlled bending oi 
denting can minimize if not elim- 
inate such disadvantages while add- 
ing the exact degrees of stiffness de- 
sired The areas to be dented can 
be selected m many cases to reduce 
further the disadvantages of irreg- 
ularities of surface 
Like so many techniques origin- 
ally developed for aircraft, this one 
can have important effects upon 
other industries. It can be used to 
reduce both noise and cleanliness 
problems in ducts, chutes, bins, and 
loUvers Sheet metal roofs can be 
made less noisy during rain and 
hail storms, machine guards quieter 
when macWes vibrate 
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How Westinghouse STRATOVISION 
took the final headache out of Television and FM 


E ven before the war ended, Tele- 
vision and FM transmitting and 
leceiving equipment had reached 
a high degree of perfection But a 
final difficulty remained— the prob- 
lem of broadcasting such programs 
on a nationwide basis 
Because of the ultra-high fre- 
quencies employed, Television and 
FM waves travel only in straight, 
“line-of-sight” direction They do 
not bend around the earth’s sur- 
face as do those of standard-. 

band radio. 

This limits the range of a Tele- 
vision or FM station to a maximum 
of 50 miles — even when perched 
atop the tallest building 
A chain of radio-relay stations 
across the country — or coaxial 
cables spanning the nation — have 
been proposed as a solution. But 
these are terrifically expensive and, 
worse yet, cause serious distortion 
of long distance programs. 

Now, at last, Westinghouse re- 
search engineers have discovered 


a practical solution through 
“stratovision”— broadcasting Tel- 
evision and FM programs from 
planes flying six miles high in the 
stratosphere^ 

At this altitude, a single Strato- 
vision plane can cover an area 422 
miles in diameter . 103,000 square 
miles . . approximately the com- 
bined area of New York, New Jer- 
sey and Pennsylvania 

Westinghouse engineers predict 
that 14 of these flying broadcastmg 
stations can transmit 4 Television 
and 5 FM programs simultaneously 
to 78% of the nation’s population 

The conception and planning of 
Stratovision broadcasting are a 
tribute to the ingenuity and engi- 
neering “know-how” of Westing- 


house radio technicians . . gained 
through producing $400,000,000 
worth of Radar and radio equip- 
ment for our armed forces 



HEM'S THI SECMT . . Stratovlilon breodcott- 
mg, serving on area of 103,000 square miles, will 
require only 1/50fh at much power os o 50 kilo- 
watt ground transmitter covering only 7,900 
square miles That's why o tingla Stratavition 
plana con easily corry and power the equipment 
needed for simultaneously tronsmitting 4 Tele 
vision and 5 FM programs. 


Wbstin^ouse 

n«Nrs IN >5 <irin orrici 

Tune in JOHN CHARLES THOMAS - Sunday, 2 30 pm. EST, NBC 
TED M ALONE — Monday through Friday, II 45 am, EST, American Network 
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ELECTRONICS 


Conducted by KEITH HENNEY 


Refinery Electronics 


Temperature Recorder Aids in Accurate Separation ot Compounds 
Whose Boiling Points Are Very Close Together. Another Electronic In- 
strument Measures the Thickness of Walls of Pipes and Tanks, and 

Gages Liquids Heights in Vessels Without Access to Their Interiors 

-* 

By VIN ZELUFF 

AMooUte Editor Electronics 


I N MODERN Oil refineries the boiling 
points of the various constituents 
to be separated by fractionation 
must be predetermined accurately 
This is now accomplished with an 
electronic instrument that utilizes 
electron tubes to magnify small tem- 
perature changes 

A high-sensitivity, fine-wiie ther- 
mocouple, consisting of six indi- 
vidual couples spaced about half an 
inch apart, is located in the reflux 
zone of the fractionating column 
The voltages produced by these 
thermocouples are amplified by the 
electron tubes and recorded con- 
tinuously by pen on a time-tempera- 
ture strip chart 

The instrument finds particular 
application at present in the rapid 
and accurate analyses of four- and 
five-carbon hydrocarbons The spe- 
cial thermocouple covers all pos- 
sible positions of a wandering con- 
densation ring, which is known to 
vary several inches up or down in 
the fractionating column Thus the 
true boiling point of a compound 



Control box of fho Ponotron Motor in 
confer fives reodings in microomperes 


IS accurately recorded no matter 
which couple is located in the coldest 
zone The Brown Instrument Com- 
pany's electronic ^recorder and a 
special Podbieltiiafe fractionating 
column makes possible lapid and 
accurate separation of compoimds 
whose boiling points are only one 
and one half degiees apait, a feat 
which cannot be accomplished by 
older types of apparatus 
To accomplish the perfect blend- 
ings necessary in producing 100- 
plus octane gasoline, Richfield Oil 
Corporation has installed this elec- 
tronic equipment in its newly ex- 


3 ^ 



of tho Ponetron 5 it the source of 
gommo rays, Sh the shield, ond D the 
detector, oil in the instrument head 
Arrows indicote beck -scattered roys 

panded refinery near Los Angeles 
The new development considerably 
reduces distilhng time, gives in- 
creased accuracy, and opens up a 
new fleld m fractional distillation 

THROUGH STEEL WALLS-Wall 

thickness and liquid level measure- 
ments are important in many phases 
of oil refinmg Such measurements 
can now be made from the outside 
of sealed vessels with an instru- 
ment called the Penetron. This in- 
strument, utilizing electronic and 
radioactivity principles, can measure 
wall thicknesses when access can 


be had to one side only, can gage 
liquid height and density from the 
outside of sealed storage tanks, and 
can be adapted to control levels in 
process units, such as the solvent- 
oil interface in a solvent refining 
tower, or to determine and control 
the catalyst level in catalyzed 
chemical reactions — all through 
solid walls of steel or other material 
The Penetion consists of two 
mam parts — the head and the con- 
trol box The head contains the ra- 
diation source, the detector, a shield 
between the two, and a three-stage 
preamplifier It weighs about seven 
pounds and is connected by a cable 
to the control box which contains a 
measuring circuit and the power 
supply The head is completely 



Above Showing how Penetron is used 
in measuring wall thickness Magnetic 
holder secures it outside of pipe 
Below In measuring wall thickness 
from inside, head is held against 
pipe by means of a pneumotic holder 



sealed in its metal housmg, to in- 
sure safety in refineries and other 
locations where explosive hydro- 
carbons may react to sparks. 

In operation, the instrument 
bombards the tank walls and the 
material mside with gamma rays 
which are derived from a needle 
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Eitctronic hibet of 
vorious types 
monitor end control 
many of the vitol 
processes in 
petroleum refining 
Shown below is 
the new Richfield high- 
octone refinery 
in Collfornio 


wear of tubes and vessels due to 
corrosion, fuming, or erosion, the 
reading of the microammeter is 
converted into wall thickness in 
mches The instrument is cahbrated 
on specimens of tubing and flat 
plates having known wall thick- 
nesses Because the geometrical re- 
lationship between the measuring 
head and the wall changes with the 
curvature of the wall, the cahbra- 
tion curves for a wall of a given 
composition will vary depending on 
the diameter or curvature of the 
wall or vessel being measured 
Calibration curves are furnished 




containing one milligram of radium 
in the form of a commercially avail- 
able salt These gamma lays travel 
with the velocity of hght, and are 
not deflected by magnetic or electric 
fields Some of the rays are back- 
scattered by the electrons of the 
atoms in the material being in- 
spected, so that they emerge from 
the material on the same side as 
they entered 

By measuring the intensity of this 
back-scattered radiation, the thick- 
ness of the mateiial, whether it be 
aluminum, steel, plastics, brass, 
wood, or other material, can be de- 
termined with extreme accuracy 
By the same means, liquid levels 
and liquid densities are found 

The radium source m the Pene- 
tron is surrounded with a shield 
containing a window which directs 
the beam of gamma rays in the de- 
sired direction The source of radia- 
tion, the tank wall, and the detector 
are set up in accordance with a pre- 
determined geometric arrangement 
A metal shield between the radio- 
active source and the radiation de- 



tector prevents direct radiation 
from entermg the detector 
The radiation picked up by the 
detector creates current discharges 
which are amplified and integrated 
to produce a direct current The 
amount of current produced is meas- 
ured by a microammeter 

For determining the extent of 

II 11 


with the instrument Walls of sim- 
ilar materials produce the same 
curves Thus the calibration curves 
for iron also can be applied to al- 
loyed steels 

Wall thickness measurements can 
be made on pipes which contain 
fluids, if a correction is made to take 
into account the influence of the 
fliud on the reading of the instru- 
ment This is made simply by estab- 



Meosiiroments of wall thicknesses mode with the Penetron from the outside of a large 
surge drum The contour lines ore drawn through points of equol thickness, the num- 
bers indicote hundredths of on inch Severe erosion of the interior of the tonk wall 
is reveoled by the presence on the chart of severol very smoll closed contour loops 


lishing a calibration curve for pipes 
of known wall thickness filled with 
the same fluid 

The Penetron can be used for 
measuring iron or steel walls up to 
approximately 0 75 inch thickness 
For other materials the hmit is dif- 
ferent, bemg approximately one 
inch for aluminum Since the pene- 
trative power of deflected or scat- 
tered gamma rays is less than that 
of the primary rays, rays which 
are deflected beyond a certam depth 
are completely absorbed before 
reaching the surface as back-scat- 
tered radiation 

The accuracy of the mstrument 
has been established to be within 
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the limits of plus or minus 3 percent 

The Penetron measures the aver- 
age thickness over an area of ap- 
proximately one square inch It 
measures the total thickness or vol- 
ume and not the thickness of any 
one layer If, however, a laminated 
wall is composed of, say, two layers 
of different materials, the Penetron 
can be used to measure the thick- 
ness of either layer provided the 
thickness of the other layer is 
known 

The individual pulses of current 
created in the detector do not fol- 
low each other at regular intervals 
because the rate of emission of 
gamma rays by radium is quite ir- 
regular The emission follows cer- 
tain statistical laws and fluctuates 
aroimd an average value The ac- 
curacy of the instrument thus in- 
creases as the time of observation 
is increased The minimum time for 
each reading is 25 seconds Includ- 
ing moving the instrument, set-up 
time, and recording of results, in 
actual field work it is possible to 
make measurements at 150 or more 
points during a working day 

FLUID MEASUREMENTS ~ The 

density of a fluid inside a container 
may be determined directly without 
access to the fluid itself In experi- 
mental work employing a Penetron 
situated on the outer wall of a con- 
tainer having a wall thickness of 
0 3 mch, it was found possible to 
check the specific gravities of fluids 
having values of between 10 and 75 
degrees Baume with a high degree 
of accuracy This measuring tech- 
nique can be used advantageously 
for determinmg specific gravity of 
liquids in tankage, routing the flow 
of Oil in pipe Imes, control of blend- 
ing operations in which two mate- 
rials of different densities are 
mixed, determination and control 
of proportions of reactants in chemi- 
cal processes, and in other applica- 
tions to determine the density of a 
substance without sampling or with- 
out access to the material 

If the head of the Penetron is 
placed on the wall of a vessel par- 
tially filled with liquid and above 
the level of the liquid, the amount 
of back-scattered radiation is due 
entirely to the wall of the vessel, 
since the density of the air or vapor 
in the vessel is negligible by com- 
parison with the density of the ma- 
terial comprismg the wall 

If the head is moved down the 
wall, the reading of the instrument 
remains constant until it reaches a 
point opposite the level of the liquid 
in the container. At this point, the 
meter of the ihstrument will indi- 
cate an increase in back-scattered 
radiation since the radiation pass- 


ing through the wall is scattered 
not only by the wall but also by the 
liquid in the vessel The point on the 
wall at which an increase in readmg 
IS obtained indicates the level of the 
liquid In the same manner, the in- 
terface between two fluids of differ- 
ent densities can be located easily 
and accurately from the outside of a 
container without actual access to 
the interior of the container 
By pi^oper instrumentation, the 
Penetron may be adapted to control 
as well as to locate liquid levels 
In addition, a continuous record of 
levels may be obtained by employ- 
ing a recording device 


m m ^ 

SOLUTION CONTROL 

Made Possible By 
Electronic Device 

Continuous measurement of the 
electrical conductivity of a solution, 
and sounding of an alarm when pre- 
determmed limits are exceeded, is 
now made possible by a unit avail - 



Arrongement of solufion control unit 


able in a packaged form from Pho- 
toswitch, Inc Automatic control is 
easily added, so that the electronic 
unit will open and close valves or 
start and stop pumps so as to main- 
tain the concentration at a desired 
value A 5 percent change in the re- 
sistance of the flmd in the circuit 
of the detecting probe is sufficient 
for operation The voltage at the 
probe does not exceed 25 volts, 
which eliminates the possibihty of 
electric shock or explosion hazards 

RAZOR BLADES 

Inspected by 

Photocells 

I N AT least one razor-blade factory, 
the sharpness of each finished blade 
is checked automatically by an im- 
usual electronic technique. A nar- 
row, intense beam of light is directed 
at an angle across the shavmg edge 
Light reflected by dull portions of 
this cutting edge enters a self-gen- 
eratmg photoelectric cell that feeds 
an indicating galvanometer directly. 
The sharper the blade, the less light 


reaches the electric eye and the 
lower is the meter reading. Auto- 
matic rejection of excessively dull 
blades is but a step further, involv- 
ing use of a phototube, amplifier, and 
relay arranged to actuate an elec- 
tromagpiet that knocks a blade off 
the conveyor if it reflects more than 
a predetermined amount of light 
into the phototube 

FILM WIDTH 

Now Measured Accurately 

By Vacuum-Tube Gage 

A NEWLY developed vacuum-tube 
gage is capable of measuring the 
width of motion-picture film to an 
accuracy of 0 002 millimeters while 
the film is in motion, without injury 
to the film from pressure A small 
lever swinging on a bearing has a 
rounded surface that presses lightly 
against one edge of the film as it 
passes through the gage The lever 
swings outward and inward as the 
film width varies, causing corre- 
sponding movements of an attached 
metal disk that forms one plate of 
a two-plate variable capacitor 

A change m film width is thus 
converted into a change in capaci- 
tance, and this change is amplified 
electronically by vacuum tubes and 
made to actuate a meter which i«? 
calibrated to read film width direct- 
ly in millimeters 

METAL STITCHING 

Controlled by New 

Electronic Unit 

A COMBINATION electronic and elec- 
tro-mechanical seam welding con- 
trol unit has been developed by 
Westinghouse primarily for stitch- 



Ditk of thi Mom woldtr or tfitchor 


ing together metal sheets. It is be- 
mg used for the fabrication of such 
units as oil drums The duration 
of each welding pulse can be chang- 
ed by inserting or removing pins 
from a 120-hole disk. 
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AVIATION 


Conducted by ALEXANDER KLEMIN 


Cargo By Air 

Cargo Airliners of Tomorrow Will Bring Choice Tree Ripened Fruits, 
Fresh Vegetables, and Flowers from Far-Off Corners of the World in 
Special Refrigerated Comportments Many Industries Will Profit by 
Using Air Freight to Ship Light-Weight and Perishable Merchandise 


M ost iinpui tant of the many 
questions confrontmg the 
airlines today are those concemmg 
the amount of air caigo that will be 
carried m the future and the char- 
acteiistics of such cargo Air cargo, 
according to William A Patterson, 
president of United Air Lines, is an 
all-mclusive term that excludes 
only passengers and should be 
applied to passengers’ baggage, 
mail, and what is commonly re- 
ferred to as express and freight No 
matter what definition may be ac- 
cepted, the answeis to the questions 
legarding air caigo will affect not 
only the design of airplanes them- 
selves but the whole future of airline 
organizations as well 
Furthermore, the problems of air 
cargo mterest many more people 
than just airline executives Every 
business man m the countiy who is 
concerned with the shipment of 
goods is almost equally involved 
Every shipper wants to know what 
is coming in the air age — ^what can 
and should be earned by air, what 
rates may be expected, and how re- 
liable the carrying of air cargo will 
be These questions cannot yet be 
answered m definitive fashion, but 


an exammation of the opmions of 
well mformed men, of the statistics 
which have come from rehable sui- 
veys, and of the actual results of 
cairymg cargo by air to date is well 
woith while 

The air transport operators are 
most optimistic of the future of their 
operations in general In their early 
expanded post-war fleets, 19 airlmes 
of the United States expect to have 
975 planes operatmg at highei 
speeds than foimerly, with many 
new comforts, and seatmg 36,180 
passengers And to raise their equip- 
ment to meet post-war piograms 
the airlines have oidered or have an 
option on 409 new planes, accordmg 
to the Air Transport Association 
But what is of more immediate in- 
terest is that these new planes» will 
have greatly enlarged compart- 
ments for cargo There will be im- 
provements m type and location of 
hatchways to facilitate loading and 
unloadmg Some of the planes will 
have quickly adjustable cargo space, 
so that the number of seats and size 
of the cargo hold can be varied to 
accommodate the proportions of the 
load 

The increase in cargo capacity 


Courtesy National Skyway Pialgm uorporatloo 



Spacious 
intorior of 
cargo ptone 
pormils 
hondling of 
many typos of 
air freight — 
•von household 
furniture 



Courteisy United Air Lines 

Shipment of gardenias kept fresh in 
cooled Fiberglos insuloted container 


contemplated is lemarkable The 
ail lines last yeai earned a total of 
202,879,006 pounds of mail, express, 
«md excess baggage With their new 
planes, caigo capacity will be in- 
ci eased five fold They will be able 
to handle m the coming yeai a bil- 
lion pounds of cargo 
One of the first modem all-cargo 
planes to be built has a maximum 
gross weight of 45,000 pounds, a tri- 
cycle landing gear, a fuselage floor 
level with truck floor height and 
fitted with skid strips and tie-down 
rings for fast and secure loading 
It has a useful load of about 18,000 
pounds, a payload of 13,113 pounds 
at a range of 500 miles, and a cruis- 
ing speed of 190 miles an hour The 
cargo compartment has a storage 
capacity of 2870 cubic feet and a 
floor area of 347 square feet Such 
cargo earners will undoubtedly 
supersede all the converted mihtary 
tiansports. It Y^ill, indeed, be bettei 
foi the aviation Industry, better foi 
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the au lines, and better for the na- 
tion at large if the great bulk of 
military air transport equipment be 
frankly regarded as obsolete 

AIR CARGO TODAY-~What are the 

airlmes already domg m air cargo 
work‘d American Airlmes (now be- 
come American Airlmes System 
bince it absorbed American Export 
Airlmes and has undertaken ser- 
vices to Europe) has converted the 
famous Douglas DC -3 to all-cargo 
use and named it the ‘‘Airfreighter.” 
In the first six months of this year 
American flew almost two bilhon 
air freight poimd miles. This is defi- 
nite accomplishment to back up 
prophecy or expectations. 

Freight by air will be selective m 
character, it is hardly to be expected 
that coal will be flown from the 
mines, or wheat from the western 
plains As Umted’s Mr Patterson 
has said, passengers when delayed 
merely grumble; air cargo imduly 
delayed may turn to garbage^ For 
no class of merchandise is time more 
important than flowers, the ultimate 
m perishability United, working m 
co-operation with Owens-Coming 
Fiberglas Corporation, has devel- 
oped what has been called *‘a floral 
ice box ” 

Gardenias have thus been carried 
in an airliner, packed in Fiberglas 
cloth containers insulated with light 
Fiberglas insulation Each contamer 
weighs 25 pounds and has a capacity 
of approximately 120 cubic feet The 
top IS equipped with five pockets 
which accommodate slabs of dry ice, 
one inch thick and ten mches square 
The walls of the containers are ap- 
proximately one inch thick and ac- 


cess to the interior is made possible 
by a zippered openmg runmng al- 
most the entire height of one side 
Tests m a Umted “Cargolmer” were 
completely successful, 35 boxes of 
gardemas, weighmg six pounds per 
box, were flown via air-express 
from San Francisco to Chicago 
Cabm temperatures sometimes rose 
to 100 degiees when the ship was 
on the ground Flowers carried out- 
side the refiigerated box became 
dehydrated, gardemas m the con- 
tamers arrived m perfect condition 
Of course it may be argued that 
gardemas are a de luxe commodity 
which can demand great care and 
corresponding expense But does not 
the experiment warrant a belief 
that other perishable goods can 
profitably be carried by air*^ Claude 
N Palmer, of the United Fresh 
Fruit and Vegetable Association, 
has a vital mterest m the problems 
of carrymg perishable fruits and 
flowers on a large scale Mr Palmer 
recently said “I beheve I can tell 
you that the future of all air trans- 
port of goods hinges to a greater ex- 
tent upon a large and continuous 
volume of perishable soil products 
than upon any other source of pay- 
load Why^ The answer is simply 
that fresh fruits and vegetables hold 
a key to the profitable operation of 
tiansport planes on their west-to- 
east and south-to-north flights ” Mr 
Palmer also reported on the work 
of the Ralph E Myers Company, of 
Salmas, California, which has been 
conductmg test shipments to east- 
ern markets for the better part of a 
year, and which has laimched a 
program of thrice-weekly air car- 
goes, the first of which consisted of 



18,500 pounds of Calif oima toma- 
toes, plums, apiicots, strawberries, 
and lettuce These 18,500 pound 
shipments, the largest civilian 
freight movement by air ever un- 
dertaken, are bemg made m a new 
transport plane which was designed 
and built by Consohdated-Vultee 
There will be great competition for 
the carrymg of fruits, vegetables, 
and flowers by railroads and trucks 
But a tremendous potential m air 
cargo seems to exist also. 

COSTS — It is too early to speak 
specifically of costs, and difficult to 
say what industries will first take 
full advantage of air freight. The 
costs Will depend on volume and the 
volume will depend on costs Air 
shipment will be expensive for a 
long time to come, and will have to 
depend for its development upon 
greater speed and convenience But 
a survey made by the Evans Trans- 
portation Research has done a great 
deal to clarify the situation When 
Colonel L H Britain launched the 
survey m co-operation with the De- 
troit Board of Commerce, he asked 
but one question 

“If a reliable daily all-air freight 
service was provided that would 
leave Detroit at the close of every 
business day, and arrive at San 
Francisco early next morning, at a 
rate of $10 00 per hundred, or ten 
cents per pound, airport to aiipoit, 
how much poundage would your 
company be likely to ship in an av- 
erage month by such service, for re- 
distribution to Pacific Coast points 
and for export from San Francisco‘S” 

Replies were promptly received 
from 30 percent of those firms to 
whom inquiry was sent and re- 
moved a great deal of the guess work 
which has accompanied industrial 
thinking about air cargo thus far 
The survey mdicated that at the 
above costs, and at the above rate 
of speed, 200 Detroit factories would 
ship over 350,000 pounds per month 
from Detroit to the San Francisco 
gateway. And this at 10 cents a 
pound, be it noted, for the long 
haul 

The three leading shippers by air 
would be the following, in order 
the small tool and die industry, the 
automobile and automotive parts 
industry; and the pharmaceutical 
industry and related producers The 
chief reasons given by these firms 
for regular air shipments were 
emergencies, reduction of inven- 
tories, and the offsetting of local 
Pacific Coast competition Other 
firms saw possibilities of expanding 
limited lo^ markets. About 200 
firms were interested Negative re- 
plies were received from 236 firms 
who gave as their principal reasons 
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that the shippei could not commit 
his customers to increased shipping 
expense, and that for heavy articles, 
ten cents a pound might mcrease 
cost of the product by a third of its 
value, which would be prohibitive 
It IS also mterestmg to learn that 
93 percent of all shipments would 
be m units of 1000 pounds or more 

/FLYING COSTS — On the question 
of cost, what may be expected from 
the plane buildeis whose engineers 
are busily constructing an craft of 
greater size and with lower operat- 
ing costs'^ Fred B Collins, of Boemg 
All craft, summarizes the situation 
as follows “There are several ways 
in which economies of operation 
can be obtained One of the most 
impoitant is by cutting the cost of 
flight itself, thiough more advanced 
performance characteristics which 
are inheient in the newer airplane 
design Anothei is by designing to 
deciease the time and cost of main- 
tenance and of ground opeiations 
Increased speed of flight becomes a 
means of saving cost because it en- 
ables the opeiatoi to spiead his 
fixed operation costs ovei a gieatei 
numbci of miles per hour As a 
lesult of advances in these vaiious 
diiections, tiansport planes will be 
available foi immediate post-war use 
which will opeiate at as low as 8 
mills pel passengei mile for stand- 
ard passengei veisions or 4 cents 
pci ton mile foi all-caigo versions 
These hguies compare with operat- 
ing costs of piesent type transport 
equipment in an line use ranging 
fiom 18 to 2 5 cents per passenger 
mile and appioximatcly 17 cents per 
caigo ton mile” 

Theie aie othei stiaws m the 
wind The Manhattan Storage and 
Wai chouse Company, for example, 
IS expel imentmg with special dir 
shipping containers foi fine china, 
glass, medicine, and the like After 
packing these ai tides in containers 
of fibei boaid, plywood, and so on, 
they weie diopped fiom a height of 
feet onto a conciete suiface with 
astonishingly little damage 

Othei expel iments aie being con- 
tinued on diopping of air caigo by 
paiachute And Air Caigo Trans- 
poit is opciating non-scheduled 
charter flights, leady to pick up and 
deliver by an any special cargoes, 
of which the recent shipment of 40,- 
000 vials of penicillin to Latm 
America from La Guardia Field is 
typical 

POTENTIAL— While fantastic prog- 
nostications of air cargo operations 
that will equal truck or railroad 
shipments are hopelessly out of Ime, 
there is solid support for the con- 
viction that air cargo has a tre- 


mendous potential, that it will lap- 
idly find its proper sphere of ac- 
tion, that it will interest a few m- 
dustries greatly, and almost all in- 
dustries to some degree Economists 
are making reasonable surveys, de- 
signers are buildmg better planes 
and handling equipment, airlme op- 
eiators are making mtelhgent and 
courageous bids to mdustry and 
business, and business men show 
eveiy interest m and desire foi 
gi eater facilities in aeiial transpor- 
irition of cargo 

9 ^ 

CARGO DROPPING 

From Conveyor 

Belt in Airplane 

Thf All Technical Service Com- 
mand of Wright Field has developed 
a conveyor belt for diopping cargo 
by parachute 

The belt IS an endless chain - 
di iven conveyor operated by a 3 87 
horsepower electric motor Power 



Air-cargo convtyor 


IS provided by the 24-volt direct 
current system which is now avail- 
able on every plane The belt ex- 
tends from behmd the pilot’s com- 
paitment to the rear door of the 
plane, a distance of 22 feet, and runs 
at approximately six feet per sec- 
ond, or from one end to the othei 
in four seconds The belt termi- 
nates at a roller-bearing platform 
mounted at the cargo door Pack- 
ages are deflected round a comei 
and launched in contamers from 
the airplane Static lines open the 
parachutes when the containers aie 
15 feet below the airplane Not only 
IS speed in droppmg increased, but 
it was found possible to drop 4000 
pounds at a time. 

The containers each hold 300 
poimds, and are carefully engi- 
neered They are made of strong 


cotton duck and webbing or libcr- 
board Another feature of the de- 
velopment is that the area within 
which the cargo is dropped is very 
much reduced 

WAR TRENDS 

As Foreseen by 

General H H Arnold 

Discussing the air war of the im- 
mediate past, and the air war of the 
future. General H H Arnold re- 
cently made some highly interesting 
lemarks regarding the following 
“observable trends” 

1, Manned or pilotless airplanes 
tiavelmg at supei sonic speeds At 
such speeds aerial combat as it is 
known today would be impossible 
2, The development of guided mis- 
siles and the i efinement of their 
controls so that exact hits can be 
made on targets of a mile square or 
less, at any pait of the world from 
any part of the world 3, Improved 
atomic bombs, destructive beyond 
the wildest dreams 4, Great devel- 
opments in defense both against air- 
craft and guided missiles Every 
new weapon of offense brings forth 
a weapon of defence, and this should 
remain true even in the case of the 
atomic bomb 5, Perfected com- 
mimications systems between an 
and ground, making possible the 
most intricate maneuvers either by 
piloted planes or pilotless missiles 
6, Extraordinary developments in 
the launching and landmg and sup- 
plying of air-bome troops 

ASPHALT AIRSTRIPS 

Surfaced With 

Prefabricated Material 

Airfields are being surfaced by 
United States Army Engineers with 
a new typ>e of material called 
“PBS” (prefabricated bitummous 
surfacmg) The surfaces have taken 
the steady poimding of fighter and 
( argo planes as well as medium 
bombers The new mateiial is noth- 
ing more than burlap, impregnated 
and coated with asphalt, which gives 
it the appearance of loll loofing 

One of the unusual features of 
PBS, which is made by the Texas 
Company, is the ease with which 
it can be repaired Small repairs 
can be made by two men with a 
mop, a bucket of asphalt, and a strip 
of surfacing Swab it, lay it, walk 
across it, and the patch is made 
For larger repairs, such as bomb 
damage or soft spots formed by 
trapped water, the surfacing mate- 
rial is slit and folded back, repairs 
are made to the soil underneath, and 
the surface is replaced and sealed 
by adding fresh strips of PBS 
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CHEMISTRY IN INDUSTRY 


Conducted by D. H. KILLEFFER 


Soon Atomic Energy? 


How 

Does the Atomic Bomb Indicote the Future Moss Destruction of Every 
Living Thing^ Or, Properly Controlled, Will Its Limitless Energy 
be Utilized and Harnessed to Serve Monkind os hos Electricity ond 
Water? The Next Five to Ton Years May Possibly Provide the Answer 


W HAT may be the begmning of 
a new era for the human race 
started on August 6, 1945, when, for 
the hist time on a scale laiger than 
microscopic, the energy of deliber- 
ately mduced atomic dismtegration 
was applied to the purposes of man 
What the characteristic^ of this new 
era will be is the most exciting and 
most important question now before 
huinanity The possibihties clearly 
he beyond present scientific treat- 
ment, perhaps they rather belong in 
that curious realm of super-stimu- 
lated imagination, the so-called 
“comic strips, where stupendous 
powei has long been commonplace 
Will man's future lead through 
ever-mountmg terror and destruc- 
tion to a climax in the suicide of all 
living things'^ Or will this source 
of tremendous new energy m our 
hands create the means to freedom, 
prosperity, and plenty for all men 
beyond our most sangume dreams'^ 
The problems immediately facing 
humanity are beyond all question 
the most serious we have ever en- 
countered The control of this vast 
new force poses problems of the 
highest magnitude and significance 
in the physical sciences, at the same 
time its social and spiiitual impli- 
cations are incomparably greatei 
than any we have faced before 
Literally everything depends on 
correct and timely solutions to these 
problems The present state of 
knowledge on the subject of atomic 
dismtegration cannot justify specific 
predictions, but certainly we are 
entitled to guidance by the best 
views of those closest to the mat- 
ter. The whole subject is so inti- 
mately tied up with military consid- 
erations and consequent secrecy, 
that details cannot now be revealed 
but hmts and bold speculations 
point to t):]emendous utility for 
atomic energy in the future There- 
fore it IS easy to justify efforts to 


EDITOR^S NOTE After the article “Atomic 
Bomb“ (page 238, October 1945 Scientific 
Americon) was prepared for publicotion, the 
now famous Smyth Report oppeored The 
occompanying orticte, bosed upon extensive 
correspondence with outstonding Americon 
physicists and upon the Smyth Report, com- 
plements our October article Token to- 
gether, the two orticles present the whole 
picture of the present stotus of otomic en- 
ergy and the possibility of utilizotion of 
It in the future Any further ottempt ot 
prophecy regording atomic energy opplico- 
tions and their economics would be lorgely 
guess work 


gather and to summarize the best 
informed available opinion on the 
subject as it stands today for the 
readers of Scientific American 
In pursuance of this objective, the 
writer addressed a letter to 25 men 
of science, leaders m the develop- 
ment of the new weapon, asking 
thiee specific questions The ques- 
tions asked are given m the box 
on the followmg page 
Responses were generous and 
thoughtful Above all they reflect 
the grave responsibiUty felt by each 
of the scientists as the custodian of 
an essential part of a secret of such 
overwhelmmg significance 
The piotection placed around tlie 
development of the military weapon 
was complete m every respect 
Secrecy surrounded not only results 
but every phase of the work. For 
more complete secrecy, the subject 
matter was subdivided into such 
small umts that no one person and 
no small group ever knew, and does 
not yet know, of the whole matter 
Furthermore, the mtense preoccupa- 
tion of each person engaged in the 
tremendous enterprise with his 
small segment of it precluded his 
interest beyond the narrow assigned 
area Necessarily the details of a 
military weapon of such stupendous 


power as the atomic bomb will prop- 
erly continue under strict secrecy 
But the possibilities inherent m con- 
trolled atomic disintegration are so 
freighted with human destiny that 
they must be discussed and then 
imphcations must be undei stood by 
every thinking American The mat- 
ter must be fieely discussed, de- 
bated, and pondered 

The implications of the militaiy 
weapon are already sufficiently evi- 
dent in the surrender of Japan Pre- 
liminary reports of the terrible de- 
struction of Hiroshima and Nagasaki 
will undoubtedly be much ampli- 
fied before this article can appear in 
prmt Clearly the facts, when fully 
known, will prove the strongest pos- 
sible stimulus to peace 

Most responses to the writei’s 
questions emphasized the necessity 
for continued observance of the 
secrecy imposed upon all connected 
with the project These generally 
referred to what is commonly called 
the Smyth Report, an official docu- 
ment of 174 typewritten pages writ- 
ten by Dr H D Smyth and entitled 
“A General Account of the Devel- 
opment of Methods of Usmg Atomic 
Energy for Military Purposes undei 
the Auspices of the United States 
Government 1940-1945 ” 

This repoit, issued August 12 and 
subsequently published by the 
Princeton University Press, contains 
the scientific background of atomic 
dismtegiation as a source of powei 
the history of the project resulting 
in the atomic bomb, and such de- 
tails of the whole matter as au 
proper to reveal at this time Quite 
probably this will be the only pub- 
lication regardmg most aspects of 
the project. The Smyth Report con- 
tains a brief prophecy as its con- 
cluding paragraphs. These, in broad 
general terms, answer the questionb 
asked of the 25 physicists and hence 
are quoted here: 

^^Prognosticatum 

'13 4 As to the future, one may 
guess that technical developments 
will take place along two lines 
From the military point of view it is 
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reasonably certain that there will 
be improvements both m the proc- 
esses of producing fissionable mate- 
rial and in its use It is conceivable 
that totally different methods may 
be discovered for converting matter 
into energy since it is to be remem- 
bered that the energy released m 
uranium fission corresponds to the 
utilization of only about one-tenth 
of one percent of its mass Should 
a scheme be devised for converting 
to energy even as much as a few 
percent of the matter of some com- 
mon material, civilization would 
have the means to commit suicide at 
will 

“13 5 The possible uses of nuclear 
energy are not all destructive, and 
the second direction in which tech- 
nical development can be expected 
is along the paths of peace In the 
fall of 1944 General Groves rp- 
pointed a committee to look into 
these possibilities as well as those of 
military significance This commit- 
tee (Dr R C Tolman, chaimian, 
Rear Admiral E W Mills (USN) 
with Captain T A Solberg (USN) 
as deputy, Dr W K Lewis, and Dr 
H D Smyth) received a multitude 
of suggestions from men on the vari- 
ous projects, prmcipally along the 
lines of nuclear energy for power 
and the use of radioactive by-prod- 
ucts foi scientific, medical, and in- 
dustrial purposes While there was 
general agreement that a great in- 
dustry might eventually arise, com- 
parable, pel haps, with the elec- 
tionics industry, there was a disa- 
greement as to how rapidly such an 
industry would grow, the consensus 
was that the growth would be slow 
over a period of many years At 
least there is no immediate prospect 
of running cars with nuclear power 
oi lighting houses with radioactive 
lamps although there is a good 
probability that nuclear power for 
special purposes could be developed 
within ten years and that plentiful 
supplies of radioactive materials 
can have a profound effect on scien- 
tific reseaich and perhaps on the 
treatment of certain diseases in a 
similar period 

^^Planning for the Future 

“13 6 During the war the effort 
has been to achieve the maximum 
military results It has been ap- 
parent for some time that some sort 
of government control and support 
in the field of nuclear energy must 
continue after the war Many of the 
men associated with the project have 
recognized this fact and have come 
forward with various proposals, 
some of which were considered by 
the Tolman Committee, although it 
was only a temporary advisory 
committee reporting to General 
Groves An interim committee at a 


high level is now engaged in for- 
mulating plans for a continuing or- 
ganization. This committee is also 
discussing matters of general policy 
about which many of the more 
thoughtful men on the project have 
been deeply concerned since the 
work was begun and especially since 
success became more and more 
probable 

**The Questions before the 
People 

“13 7. We find ourselves with an 
explosive which is far from com- 
pletely perfected Yet the future 


BEFORE preparing the occomponying or- 
tide, Mr KilleHer, the outhor, oiked the 
following questions of 25 physicists who hod 
ports in the development of otomic bombs 

(1) Do you see o possibility within o 
reosonoble time of the opplicotion 
of otomic energy on o reosonoble 
scole to industriol purposes? 

(2) Whot generol forms do you onticipote 
opplicotions of this kind are likely 
to take’ 

(3) Are you willing to hoxord o guess os 
to the proboble length of time thot 
will be required from now on to de- 
velop any generol usefulness for otomic 
energy? 

How these men of science responded is 
told in these poges 


possibilities of such explosives arc 
appalling, and their effects on fu- 
tuie wars and international affairs 
are of fundamental importance 
Here is a new tool for mankind, a 
tool of unimaginable destructive 
power Its development raises many 
questions that must be answered in 
the near future 

“13 8 Because of the restrictions 
of military security there has been 
no chance for-^he Congress or the 
people to debate such questions 
They have been seriously consid- 
ered by all concerned and vigor- 
ously debated among the scientists 
and the conclusions reached have 
been passed along to the highest 
authorities These questions are not 
technical questions; they are politi- 
cal and social questions, and the 
answers given to them may affect 
all mankmd for generations In 
thinking about them the men on the 
project have been thinking as 
citizens of the United States vitally 
interested in the welfare of the 
human race It has been their duty 
and that of the high government of- 
ficials who were informed to look 
beyond the limits of the present war 
and fts weapons to the ultimate im- 
phcations of these discoveries This 
was a heavy responsibility In a free 
country like ours, such questions 
should be debated by the people 
and decisions must be made by the 


people through their representatives 
This IS one reason for the release of 
this report It is a semi-technical 
report which it is hoped men of 
science in this country can use to 
help their fellow citizens in reaching 
wise decisions The people of the 
country must be informed if they 
are to discharge their responsibili- 
ties wisely “ 

THE ESSENCE— That represents the 
essence of the thought of the prin- 
cipal workers on the project It re- 
mains merely to add to this general 
view a brief summary of the specific 
thoughts supplied by those queried 

Emphasis is universally placed on 
the restricted view of each person 
engaged on the project Even those 
who occupied key positions found 
their interests, activities, and in- 
formation confined within limited 
areas Thus it has so far been im- 
possible for anyone to view the 
whole pioblem m proper perspec- 
tive, and consequently a considered 
opinion of future possibihties is vir- 
tually impossible to form imder the 
cii cumstances 

The view is expressed that pi esent 
use of atomic energy in a destruc- 
tive bomb IS in no sure sense a 
guaiantee that this type of power 
will be usable m other ways A great 
deal remams to be done befoie an 
operable method of utilizing energy 
of such enormous concentration can 
be devised When an operating de- 
vice is reached there will still re- 
main vital problems of efficiency and 
cost as compared with other power 
sources to be solved Involved in all 
this will undoubtedly be many basic 
inventions These may be made at 
any time and such is the intensity 
and pace of present-day research 
that the most important of these 
can scarcely be delayed more than 
a very few years (say 5 or 10) 

On the basis of the meager infor- 
mation now available to anyone on 
the entire subject, it seems futile to 
attempt any estimate of the engi- 
neering phases of power develop- 
ment The high penetration and ex- 
traoidinary power of the radiation 
emitted by present nuclear reactors 
requires such heavy shielding as to 
preclude their use m any presently 
practicable vehicle with the possible 
exception of large steamships 

Wlule this aspect of present re- 
actors keeps them out of vehicles 
and limits their possibilities in sta- 
tionary units, it IS clear that even 
pi esent rudimentary techniques pro- 
vide a source of practically bound- 
less supplies of radioactive materials 
for medical and industrial purposes 
Many of these applications are yet 
wholly unexplored, such possibili- 
ties having been neglected in the 
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past m view of the extreme scarcity 
and high prices of radium 
Finally, one must realize that the 
whole matter of power from this 
new source is and undoubtedly will 
lemam for a considerable time in a 
state of flux Its interrelations with 
the military applications are too 
close to permit open discussion of 
all details soon Yet the whole prob- 
lem is substantially closer to solu- 
tion that it was even months ago 
We can look forward to a better 
day for all men to come from this 
development within, let us say, a 
decade or two — certainly well with- 
in the lifetimes of many now living 


^ ^ m 

RAT KILLER 

Does not Affect 
Accepfabiljty of Bait 

Sodium fluor- acetate, a new syn- 
thetic compound, has shown great 
promise as a poison for mice, rats 
prairie dogs, ground squirrels, and 
other small mammals that consti- 
tute serious pests The high toxicity 
of the compound, known as “1080/’ 
allows it to be administered in 
poisoned baits and food without 
seriously affecting the acceptability 
of the food for the pests The com- 
pound is also intensely poisonous 
for man and other animals and must 
be used under the most carefully 
controlled conditions 

FUNGI 

Found Readily by Use 
of Ultra-Violet Light 

Detection of fungi and location of 
infected areas are necessary in 
cleaning up valuable equipment and 
instruments letumed for repair or 
salvage from tropical war areas In 
normal light fungi are difficult to 
see except in lush growth, but ul- 
tra-violet light immediately reveals 
their presence by causmg the or- 
ganisms to glow by natural 
fluorescence Clearly outlined in 
this manner, eradication of the 
fungi IS much simplified 

PENICILLIN PRODUCTION 

Involves Large Usage 
Of Banana Oil 

^^LTHoucH the 400 billion units of 
penicillm now being produced 
monthly weigh only some 530 
pounds, the amount of material that 
must be processed in production 
sometimes is so great as to be criti- 
cal Recent ^reports suggest that 85 
to 90 percent of the nation’s amyl 
acetate (“banana oil”), important 


as a solvent, is consumed m this 
production That proportion is too 
great for the comfort of other in- 
dustries needing this solvent and 
hence steps are bemg taken to de- 
velop efficient processes for its re- 
covery 


TORPEDO RECOVERY 

Alode More Certain by 

Synthetic Resin 

A WATER-SOLUBLE Synthetic resin 
disk placed in a naval torpedo dis- 
solves when the torpedo is lost and 
releases a float that enables search- 
ers to find it Th6 resin used is one 
of a family that can be prepared 
from polyvinyl alcohol These resins 
can be given any desired degree of 
solubility in water, from complete 
insolubility to easy solution The 
safety disk is designed to dissolve 
in a predetermined time, long 
enough to allow the torpedo to be 
completely tested, but short enough 
to expedite searches for any that es- 
cape and sink 


DDT TROUBLES 

May Hinder Use of its 

Valuable Properties 

Release of DDT to civilians for 
general use recently, led to a flood 
of preparations presumably contain- 
ing this highly effective insecticide 
but actually too dilute to be use- 
ful Warnings promptly issued 
pointed out that abuse of the com- 
pound in this way by imscrupulous 
persons is likely to lead users to 
conclude that DDT has no value, 
when as a matter of fact it is highly 
effective when properly used 

Legitimate insecticide producers 
are proceeding cautiously to be sure 
that any preparatioftsr they offer are 
effective and thal correct instruc- 
tions for their use are also provided 
DDT itself (dichloro-diphenyl-tri- 
chloroethane) requires to be com- 
pounded with other materials to be 
fully effective and at the same time 
safe for use Some additives, notably 
solvents, increase the toxicity of 
DDT for human beings unduly and 
thus introduce e^^Qessive hazards in- 
to its use Fear is expressed that 
unfortunate experiences with early 
improper DDT preparations may 
prevent its legitimate later use for 
valuable purposes 

SPECIFIC GRAVITY 

Quickly Determined by 

Vacuum Method 

A NEWLY devised and rapid meth- 
od of determining the specific grav- 
ity of an imknown liquid consists 
m comparing the hel|^t to which 
it will rise in a tube with the rise of 


a known liquid m a tube under 
equal vacuum In practice, the un- 
known and the standard hquids are 
drawn up mto two parallel glass 
tubes joined at the top and con- 
nected to suction at the junction 
point The heights of the columns 
in the two tubes are in inverse 
ratio to the specific gravities of the 
two samples Accuracy can be in- 
creased by calculating from meas- 
urements of differences in the 
height of the columns under two 
different suctions The specific 
gravity, accurate to the fouith 
decimal place, can be quickly de- 
termmed in this way 

PENICILLIN 

When Properly Protected 

Can Be Taken by Mouth 

Efforts to find a way to admin- 
ister penicillm effectively without 
the use of a hypodermic syringe 
have developed various methods 
designed to protect the active prin- 
ciple of the drug while it is passed 
through the stomach when taken by 
mouth Apparently absorption of 
penicillin takes place from the small 
mtestme, but the drug is delicate 
and cannot survive the high acidity 
of the human stomach Several sug- 
gestions have been based on the 
inclusion of vaiious anti-acids with 
the penicillin in the dose but it 
has been found that high alkalinity 
also destroys its effectiveness One 
successful method dissolves the drug 
in oil Latest successes have been 
scored by the use of calcium car- 
bonate — precipitated chalk — to neu- 
tralize stomach acidity without 
creating alkalinity since the neutral- 
izing agent is insoluble except in 
acid 

SAFER LABELING 

Important in Handling 

Of Hazardous Chemicals 

The first compi ehensive effort to 
systematize and standardize labeling 
of hazardous chemicals, considered 
of special importance in view of the 
pace of developments m the indus- 
try, has just been completed and 
published by the Manufacturing 
Chemists’ Association of the United 
States 

The mam objective of the work is 
to discourage use of code labels 
which leave the user with no infor- 
mation about the product Principles 
are established to govern prepara- 
tion of precautionary labels, with 
maximum emphasis on protecting 
the users, handlers, repackers, job- 
bers, and distributors of chemical 
products or others who may be less 
familiar with them than the manu- 
facturers 
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GENERAL MOTORS TECHNICAL CENTER 

will be created to stimulate opportunities, 
promote employment and bring about 
MORE ond BETTER THINGS FOR MORE PEOPLE 


T hese ate timtii wlien tlic world 
cries out for new and finer 
things There is a gnat hunger, 
hroad as all mankind, for happier 
relationships among mm -tor 
greater individual opportunity for 
iccomplishment, tor more and kt- 
ter goods within reach of everyone 

Ifishv satisf}ing this hunger that 
Hi can bring gieatest benefit to our 
national erononn in the future 
fhrough siirh action lies the road 
to more giwd jobs, to an ever rising 
standard of living through the con- 
tinual replactmtnt of old things 
with new and ktti rones 

The General Motors Technical 
Center is dedicated to such an ob- 
jective It will occupy a 350-acre 
tract of land outside of Detroit as 
soon as conditions permit Its pur- 
pose IS to develop new things that 
add to the comfort and security of 
our living, and to enable existing 
things to be made more efficiently, 
hence at lower selling prices, so 
more people may own and enjoy 
them -all with expanding job op- 
portunities 

It will shorten the time required to 
bring the work of creative think rs 
out of the idea stage and into usable 
reality 

Here In groups of buildings de 
signed especially for the purpose, 
General Motors will gather in ad- 
vantageous and inspiring new sur- 
roundings the most modern facili 


ties for research, advanced engi- 
neering, styling and the develop- 
ment of new manufacturing tech- 
niques 

Here physicists and engineers will 
discover new facts and convert them 
into new improved products Styl- 
ists will give them new and more 
attractive form Process engineers 
will develop better manufacturing 
techniques for making them 

Scienic hen will go to work in the 
interest of economic progress And 
history is full of proof that when 
science is so harnessed, more jobs 
are created, more comforts and con- 
veniences arc brought within reach 


Jerving as a source on which the 
engineering staffs of all of our Divi- 
sions may draw, the General Motors 
Technical Center will stimulate im- 
provement in all General Motors 
products Automobiles, refrigera- 
tors, Diesel engines, locomotives 
and other good and useful things 
may be expected to be improved at 
even faster pace than in the past 

But the work of the Technical Cen- 
tei will not be confined to existing 
things It IS dedicated to the idea 
that progress IS tk servant of man- 
kind and that whosoever advances 
It not only helps himself but his 


and better things for more people,” 
whether that comes through im- 
provement of the old or develop- 
ment of the new 


MORE M) BETTER THMS FOR MORE PEOPLE 
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METALS IN INDUSTRY Conducted by FRED P PETERS 


Lithium, Servant Metal 


As a Scovenging Agent, This Lightest of All Metals Makes Possible 
Alloy Castings that are Stronger, Less Porous, ond Higher in Elec- 
tricol Conductivity Because of its Extreme Chemicol Activity it 
Purifies Alloys and Gives Them Much Finer Grain Structure 


N ature seems to have given 
the United States another 
world-wide superiority in a re- 
source to join those of iron, petro- 
leum, and so on This latest one is 
lithium The best source of lithium 
is Searles Lake, at San Bemadmo, 
California Searles Lake is a dry 
lake m which the evaporating water 
left all kinds of valuable salts which 
are processed by heavy chemical 
industries One of the by-products 
of processing contains over 10 per- 
cent of lithium as comf^ared to a 
top of 3 3 percent in spodumene, the 
most used ore 

There is plenty of spodumene, 
too, in the Carolmas and in the 
Rockies The trouble is, it has never 
been possible to get the price of 
lithium extracted from this and 
other ores down below the present 
level of from $12 50 to $20 00 a 
pound, nor is the Searles Lake con- 
centrate any better m this respect 
so far But with the uses of lithium 
advancing rapidly and with the 
bright promises of the Searles Lake 
development, the price might get 


down to $5 00 a pound And that 
would make big differences to many 
an industry Lithium is making big 
differences even at its present price 
Lithium is a strange metal It is 
the hghtest of metals — a cubic foot 
of it weighs only 33 pounds V8 108 
poimds for the same amount of 
magnesium and 176 pounds for alu- 
minum — and yet it very seldom will 
be used as a light-weight structural 
metal itself nor to lighten the 
weights of other alloys It can be 
purified to a commercial degree 
very easily, yet it seldom will be 
used in pure form It can be alloyed 
very easily with other metals, yet 
only a fraction of its total produc- 
tion will be used as a constituent of 
alloys It already is an important 
metal of industry and is destined 
to be a far more important one, yet 
in its largest commercial applica- 


tions it does not gain its markets 
by displacing other products 

The reason for these seemmg 
contradictions is simple Lithium is 
a “servant” metal Its big function 
in metallurgy is to help other met- 
als to behave better It does the 
same thing for gases, welding-rod 
fluxes, lubricants, soaps, and air 
conditioning 

IMPORTANT TASK~One major use 
of lithium is m the making of non- 
ferrous alloy castings Only about 
0 01 percent of lithium is used in 
the ordinary metallic mixture, and 
only about 0 05 percent is, in most 
cases, found in the finished casting 
Sometimes only a trace of lithium 
remains And yet the task of the 
lithium m the making of the cast- 
ing is an important one 

Nonferrous alloy castings are 
made of metals (copper, zinc, and 
so on) which have different melt- 
mg points They also solidify at dif- 
ferent temperatures when being in- 
dividually cooled Melted and 
cooled together, as they must be 
for casting, they have all sorts of 
behaviors toward each other They 
form solutions, emulsions, matrixes 
They combine in varying gram 
sizes and shapes 

While all of this is going on, vari- 
ous “unwanted” elements also are at 
work within the melt Gases and 
impurities like hydrogen, oxygen 
nitrogen, sulfur, and particles of 
sand, are having bad influences on 
the ways in which the “wanted” 
elements are behaving toward each 
other. The unwanted elements are 
changing the grain structure for the 
worse, causmg porosity and setting 
up weak spots 

Here is where the lithium goes to 
work. Lithium is the most chemi- 
cally active of all the metals. It 
combines with almost any gas, tak- 
ing that gas unto itself and away 
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from the wanted metals in the melt 
It takes hold of sand particles, too, 
and of other impurities Opposite to 
the corruption resisting “noble” 
metals like gold and platmum, 
lithium welcomes corruption 

Now the extremely light weight 
of lithium comes into play It rises 
to the surface of the liquid, molten 
metal, bringing the impurities with 
it Behind is left a melt of cleaner, 
purer metals 

The gram structure of the lithium- 
scavenged castmg is likely to be 
much finer, as much as 98 percent 
hner in some cases Gas pockets, 
“blow holes,” and porosity can be 
completely eliminated 

The real story is summed up m 
the metallurgist’s expression, “theo- 
retical maximum values ” For every 
alloy which is cast there is a list 
of such values m tensile strength, 
electrical conductivity, coefficient 
of friction, and others If a melt is 
mixed and cast perfectly it can 
reach those values — be at the best 
which is theoretically possible for 
It If handled perfectly it will have 
lower values or abilities in various 
respects And lithium-scavenged 
castings are likely to approximate 
many of their theoretical maximum 
values 

Electrical conductivity is an ex- 
ample Lithium-scavenged castings 
often reach their maximum con- 
ductivities at normal temperatures 
Thus their desirabilities for elec- 
trical purposes are greatly increased 

GREATEST STRENGTH— Most im- 
portant of all, the castings can ap- 
proximate their theoretically great- 
est strengths This is partly a mat- 
ter of uniformity, of being sure that 
all parts of the casting are more 
nearly alike and that the whole 
casting is more dependable Outright 
additions of strength as compared 
to ordinary castings can be had 
too A maker of Navy composition 
“G” castings found that before 
hthium was used the tensile strength 
was 42,000 potmds per square inch; 


hthium-scavengmg raised it to a 
lange of 48,000 to 52,000 Similarly, 
the elongation was raised from about 
35 percent to a range of 45 to 65 
percent With every equipment 
maker trymg to work with more and 
more power at higher and higher 
speeds while fitting his machme 
parts into smaller and smaller 
spaces, increased strength with in- 
creased uniformity means that 
lithium-treated castings may be used 
for many purposes from which the 
same alloys might otherwise be ex- 
cluded. 

Pure lithium is not likely to be 
used in any foundry It is added to 
copper and brass products m elec- 
trical furnaces in copper and brass 
mills, but for most foundrymen it 
would be bothersome to handle 

Rather, “master alloys” contam- 
ing varymg proportions (usually 
from 2 to 10 percent) of lithium are 
purchased from such companies as 
the Lithaloys Corpioration The bal- 
ance of these alloys is copper, zinc, 
or some of the other *Svanted” met- 
als of the castings. These “balance 
metals” directly into the cast- 

ings, and if me mix is to be care- 
fully controlled then their amounts 
are considered m •proportioning it 

The amoimt of lithium in a mas- 
ter alloy depends first upon the 
scavenging to be done — ^there must 
be enough for this — and second up- 
on the degr ^9 of gram refinement 
needed for the purpose of the cast- 
ing The mprf ^e lithium the finer 
the grain Very seldom is more than 
1 pound of master alloy added to 
each 100 pounds of melt, and almost 
never more than 1 % poimds These 
points require careful metallurgical 
consideration for which the master 
alloy maker supplies a consulting 
service 

In the foundry, the master alloy 
must be add^ early enough, usually 
from thre#^to five minutes before 
the mix is poured, so that the lithium 
will have enou^ time to do all of 
its work. And the stirring-in must 
be so controlled as to do a thorou^ 
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job without unduly disturbing the 
mix 

Castings made by these methods 
are likely to approach the **no spoil- 
age or rejections” ideal of mass pro- 
duction One foundryman averaged 
25 percent of weepers (castmgs re- 
jected for porosity) before usmg 
lithium-scavenging — less than 1 per- 
cent afterwards When spoilage ran 
so high he always had to guess 
what it would be, and to pour extra 
castings accordingly If his guess was 



The lithium ingots ore so light they 
ore bolonced by smoll bross weight 


wrong — as it nearly always was — 
then he either had extra castings or 
else too few to fill his orders With 
spoilage nearly eliminated he 
avoided this extra cost Lithium- 
scavenging often saves its cost by 
the reduction of the percentage of 
rejections 

Fme grained, highly imiform 
castings work better on the lathe 
and milling machme than do their 
coarser grained brothers Accura- 
cies, surfaces, and finishes are 
better This makes for better prod- 
ucts at lower machining costs. 

FOR STEEL, TOO— Lithium soon 
may do as much for the ferrous as 
for the nonferrous industries Im- 
portant studies are now being con- 
cluded and their results may be an- 
nounced any day When this news 
breaks, every steel mill producing 
every kind of steel from plain car- 
bon to stamless and other high al- 
loys, may be offered brand new ad- 
vantages 

The bearings industry, also, is 
being helped by lithium. Many of 
the toughest bearings problems are 
m the mixing of lead-copper alloys 
for heavy-duty, heavy-pressure, 
high-speed bearings such as are 
used in modem engines and other 
machines The lead has the anti- 
friction qualities and the copper the 
compressive strength needed by 
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these bearings But the trouble has 
been that some of the most desir- 
able proportions of these two metals 
either could not be cast together 
at all or else they would form strati- 
fied gram structures which are too 
weak for this purpose With tmy 
amounts of lithium in the mix some 
of these mixtures can be cast with 
complete success The lithium takes 
care of the troubles which had 
previously caused the separation of 
the copper and lead 

Sometimes, lithium requires new 
industrial techniques. The die cast- 
ing of zinc metals is an example If 
lithium IS alloyed with the zinc and 
the melt is kept in special types of 
closed melting pots and is fed under 
controlled atmospheric conditions 
such as are used in heat-treatmg 
furnaces (these methods will be 
brand new to many a die caster) 
then the alloys will flow with 
enough extra freedom to provide 
new opportunities to the die casting 
art 

Alloyed with magnesium — another 
of the up-and-coming *‘ne,w” metals 
— lithium adds to tensile strength and 
hardness. And there are other 
hthium alloys as well which will be 
found m industrial products of the 
near future 

One odd use of lithium is in the 
production of hydrogen A little 
less than five pounds of lithium 
hydride Immersed m water will re- 
lease 225 cubic feet of this gas Our 
military forces used this process 
Hydrogen from a small contamer 
of lithium hydride immersed m the 
ocean inflated a rubber balloon, the 
balloon raised one end of a copper 
wire 300 feet into the air, and the 
wire became the antenna by means 
of which the shipwrecked aviator 
or sailor radioed his call for help 

The figures on such hydrogen 
production are intriguing Each 
pound of lithium hydride will yield 
a by-product of about three pounds 
of lithium hydroxide which is worth 
about $200 a pound today With 
hthium hydride costing $12 50 a 
pound, even with the value of the 
by-product coimted in, the hydrogen 
from it would cost about $15 00 a 
hundred cubic feet as compared to 
less than $200 (all factors consid- 
ered) for hydrogen which is bought 
in rental-return steel containers 
But if the price of lithium were to 
come down to its hoped-for $5 00 
a pound then the cost of hydrogen 
from its hydride could become less 
than that of hydrogen in steel con- 
tainers — the fact that the by-prod- 
uct hydroxide also mitsht have less 
value bdng given full consideration. 
And even now, wherever the cost of 
transporting and handling the 140 
pound steel cylinder is high enough 


to overbalance the price differential, 
hydrogen from lithium hydride will 
find a market 

In lubricants lithium both in- 
creases and decreases the tempera- 
ture hmits at which it is possible to 
use bearings Although not an ap- 
plication of lithium m the metallic 
form, the use of hthium compounds 
in the production of atmospheres 
for metal-heatmg is receiving in- 
creasing attention In industry after 
industry hthium pushes back other 
limitations. Lithium is a metal on 
the march It is a valuable servant 
of industry and will become a more 
valuable one 


PUMPING MAGNESIUM 

Molten Metal Can be Handled 

Economically by Pumps 

Tin years ago the pumping of a 
molten metal was generally con- 
sidered impossible, but today molten 
magnesium is being pumped in 
melt-shops and foundries with mass- 
production benefits not previously 
attamable 

Ordinary cast iron and steel pumps 
are used for magnesium, which 
melts as low as 1200 degrees, Fah- 
renheit, whereas special refractory 
equipment must be used for other 
higher meltmg point metals Ac- 
cording to Dow Chemical Company, 
molten magnesium is being pumped 
over distances from a few inches to 
25 feet and in capacities from a 
trickle to a ton per minute. 

With the use of pumping equip- 
ment, one operator can empty a 
4000-poimd pot of molten magne- 
sium alloy into ingot fholds in 30 
minutes, or at the rate of one ingot 
every 12 seconds Formerly two men, 
dipping metal from the pot and 
pouring it into each ingot mold, 
could empty one 2000-pound pot in 
about an hour— an efficiency im- 
provement of about eight times on a 
man-hour basis. ? 

ALLOY STEELS ^ 

Will Find Greater 

Use in the Future 

The future of alloy steels in this 
post-war era, the tjrpes of steels that 
will be used, and the relative im- 
portance of the electric furnace and 
the open-hearth furnace for their 
production are questions of great 
interest to the steel-producing «and 
steel-using industries. The follow- 
ing forecast, based on the answers 
to a survey conducted by Edwin F. 
Cone, of Metals and Alloys, can now 
be made* 


The post-war volume of alloy 
steels will be higher than pre-war 
and may even exceed the war-time 
level. A chief reason for this will be 
many new uses for alloy and stain- 
less steels, especially in gas turbines, 
superchargers, Jet-propelled planes, 
railway and automotive equipment, 
and so on. Most of the *lean” N.E 
alby steels will be discarded in 
favor of the older higher alloy types, 
but some N.E. steels will remain 

Post-war use of electric furnace 
steel will represent a greater per- 
centage of aUoy steel than pre-war, 
and consumers strongly believe the 
extra price charged for electric fur- 
nace grades over open-hearth alloy 
steel IS warranted by the quality 
and uniformity advantages of elec- 
tric steel Steel producers do not ex- 
pect to be able to lower the selhng 
prices of electric furnace steels, al- 
though some large electric furnaces 
can approach the open hearth m 
their economics 

STEEL RECONVERSION 

Costs Will Include 

Repair of Worn Facilities 

T o RECONVERT plants and equipment 
to handle the expected production 
of steel for non-military and civilian 
use, steel companies are planning 
to spend more than $200,000,000 
Reported costs of reconverting steel 
plants do not include any expendi- 
tures which individual steel com- 
panies may be planning 

Part of the $200,000,000 will be 
spent for reconverting to peace-time 
production the big contmuous wide- 
sheet mills, which during the war 
were adapted to permit the rolling 
of large tonnages of heavy plates 
for shipbuilding and so on Other 
reconversion tasks facing the indus- 
try include realinement of steel 
fabricating departments and plants 
from production of such war goods 
as deck houses for merchant ships, 
artillery shells, and tank armor to 
production of commercial products 

Large expenditures will be re- 
quired for the repair of facilities 
which have become badly worn 
under the strain of operations dur- 
ing the war Heating facilities of all 
descriptions are reported to be par- 
ticularly in need of attention. Be- 
cause furnaces are difficult to repair 
quickly, patching jobs have been 
resort^ to frequently during the 
war emergency period by some steel 
companies to save time. 

The estimated cost of reconverting 
the steel industry is less than 10 
percent of the total amount of money 
spent since 1940 by the steel indus- 
try and the government to expand 
and supplement steel plants and 
properties for war-time production 
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S to get 4 times the service 
ide of steel? 


T he answer to this question may soon affect your 
life and youi pocketbook m a big way 
Because there is a remaikable discovery that will 
enable you to get up to 4 times the service foi 
every dollar spent on items made of steel* Fiom 
washing machines, automobiles, hardware, tools, wire 
fencing, screens —dozens of products whose life was 
foi met ly cut short by rust 

This remaikable discovery is CORRONIZING, 
a new patented process of plating steel with a tissue- 
thin “dimoi” that far outlasts other rust^protection 
coatings 

Actual use in the wai, m every kind of climate, 
gives pi oof to that statement Now, America's more 
pi ogressive manufactui ei s and retailers will be able i 

to bi mg you many articles with the sensational ad- i 

vantages of “Corronized” steel New model automo- 1 

biles, always famous foi piogiess, will be among m 

the first to bring you these advantages I 

So, if you want utmost dependability, lasting H 

beauty and safety m things made of steel, wisely 
inquiie whethei they aie made of “Coi ronized” steel 
It they aie, you’ll be the wmnei in years of seivice 
by as much as 4 to i! 


Standard Steel Spring Co. 


ORIGINATORS OF 

CORRONIZING 


mm 


/M 




Quick Facts for 

Manufacturing and Sales Executives 

Do not confuse CORRONIZING wuh other metal corumgs 
This patented process provides a permanent alloy ^armor** 
with 5 layers of defense against corrosion! It becomes pUrt 
oj the steel base can be worked in any manner. Permits 
using lighter materials by prolonging steePs period of great* 
est strength Write Jor samples and complete information, 

STANDARD STEEL SPRING COMPANY 

CORAOFOI.lt, FINNfYLVANIA 


figgllBlliaB 

V jKh m 


Hr Muring 
Prstsstisn 
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RUSTICS Conducted by CHARLES A. BRESKIN 


Petroleum In Plastics 


Processing 


Hydraulic Pressos, Operating Around the Clock, Must Use the Correct 
Fluid for Continued Economical Operation. Heat Transfer, JIust Pre- 
verttion, and Adequate Lubrication are Other Special Problems of the 
Plastics Industry that are Being Solved by Petroleum Products 


M ention of petroleum in the 
plastics industry immediate- 
ly brings to mind the various syn- 
thetic compounds which have petro- 
leum as one of their basic ingredi- 
ents But petroleum has another and 
equally important role in the in- 
dustry. As lubricants, hydraulic 
fluids, and heat exchange mediums, 
petroleum products are used m all 
types of plastics processing equip- 
ment 

In the machinery used in the 
production of such basic materials 
as esters and monomeric hydrocar- 
bons, petroleum has been instru- 
mental during the past four years 
in keeping the mechanical equip- 
ment necessary to the production of 
plastics articles in running order 
And this in the face of day and 


r 

night operatmg schedules which 
taxed the newest equipment as 
well as the over-age machines that 
had to be kept running for want of 
replacements 

Now, as plastics processors turn 
to peace-time civilian and industrial 
articles, there is no abatement in 
the importance of using the right 
petroleum product in the right place 
To meet the anticipated demand, 
plastics machmery must continue 
to operate on a rapid, accurate, full- 
time basis And machmery which is 
running at repair or maintenance 
cycles because operators are ig- 
norant of the newer and more suit- 
able petroleum products, can seri- 
ously retard the flow of plastics 
articles to the civilian market — and 
add considerably to their cost be- 


cause of low production and expen- 
sive machine repairs resulting from 
mcorrect lubrication 
It should not be thought, however, 
that petroleum products are cure- 
alls, that the use of the correct oil 
at the correct spot will prevent all 
mechanical difiiculties But just as 
bad IS the belief that any quality 
of oil will be satisfactory for all 
classes of service 
The truth lies somewhere between 
these extremes Petroleum products 
are, rather, preventive maintenance 
materials that greatly influence 
continuity of equipment service and, 
to an important degree, overall op- 
eratmg costs In the following list 
are presented some of the factors 
that are mfluenced or controlled en- 
tirely by lubrication in modern ma- 
chmeiy 

1. Machme down-time and labor 
for cleaning oil systems 

2 Lubricating oil cleanmg (fil- 
tering, filter material replace- 
ment, centrifuging, and so on) 

3 Oil consumption or make-up 

4 Machme parts failure and re- 
placement costs 

5 Power costs 

6 Costs of lubricants and their 
application 

How well-informed use of petro- 
leum products can thus affect the 
operation of plastics production 
equipment will become evident as 
the various uses are discussed m 
some detail. 

HYDRAULIC PRESSES— The most 
widely used machme tools m the 
plastics industry, hydraulically op- 
erated presses cover the entire range 
of compression, transfer and injec- 
tion moldmg, and extrusion For 
these methods of processing, smooth 
functioning of the movmg parts is 
all-essential This means that there 
must be no stickmg of the pistons, 
no leaking valve, no worn pump 
parts. Also, the fluid must not de- 
tenorate and fo\d the pump and the 
control mechanism. 

One of the prmicipal causes of 
pump wear in hydraulic presses, 
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particularly m vei’tical units operat- 
ing m the plastics industry, is the 
abrasive ferrous oxide formed on 
the interior of the reservoirs which 
combines with microscopic particles 
of plastics dust blown from the mold 
platens at the end of each operation 
Adhermg to the oil wetted plimger, 
these dust particles are gradually 
drawn through the packing gland 
into the oil system. 

A further source of contaminants 
that accelerate pump wear is found 
in the metallic soaps which may be 
formed in the deterioration of petro- 
leum These soaps form sludges 
which are picked up from the bot- 
tom of the reservoir and circulated 
throughout the entire system. When 
these sludge formations become ag- 
gravated they deposit on the metal 
surfaces and, at times, varnish hy- 
draulic plungers to a pomt where the 
presses operate erratically and tear 
the packing gland from its seating 

Where water collects m the hy- 
draulic system the problem of pump 
and plunger wear is further ag- 
gravated This is because many oil 
decomposition products are water- 
soluble organic acids and tend to 
attack the metal surfaces of the hy- 
draulic system, often etchmg them 
quite badly This etching action also 
releases finely divided metal par- 
ticles mto the system where they 
act as an abrasive, grmding away 
machmed surfaces 

Some of the older press installa- 
tions employ water alone as the hy- 
draulic fluid This type of fluid, 
however, is not as economical as it 
would at first appear, due to the 
cost of peiiodically replacing pack- 
mgs and refinishing control valves 
and plungers One solution is the 
addition of wettmg agents and sol- 
uble oils to the water — a blend of 
one part soluble oil to 60 parts water. 
A reduction in corrosion withm the 
fluid system is an immediate result 
of this addition, a circumstance 
which exerts a piotective influence 
on the control mechanism But to 
maintain the fluid stream in a physi- 
cally clean condition by reducing 
the concentration of solids to the 
lowest possible degree, mexpensive 
mechanical Altering devices are re- 
quired 

Oil IS the best hydraulic fluid for 
modem presses which usually are 
equipped with individual reservoirs, 
pumps, and control mechanisms. To 
assure continuous service of this 
equipment, oxidation resistant hy- 
draulic oils containmg corrosion 
preventives are often used since 
these oils lessen oil and machine 
mamtenance and do not precipitate 
deterioration products. 

Sometimes, however, corrosion oc- 
curs independently of the oil in the 



sheets or lominotes uses oil in the cylinders for the operotion of the romt 


system For example, the underside 
of the top of the oil reservoir may 
corrode to a point where rust drops 
into the oil and contaminates the oil 
stream This danger can be elimi- 
nated through the use of an oil- 
and water-impervious coating on 
the inside of the reservoir 
Foaming of hydraulic-press oils, 
however, is dependent upon oil 
quality and its resistance to de- 
terioration The entraimng of small 
air bubbles, which is common in hy- 
draulic oils that contain even small 
amounts of acidic and saponifiable 
material, will reduce pump capacity 
and produce erratic plunger opera- 
tion The more thoroughly refined 
oils will reduGic^these troubles smce 
they contain fewitfr oil decomposition 
products and hence have less tend- 
ency to hold moisture and finely di- 
vided air in suspension 
That the use of oxidation-stable 
hydraulic oils is economical as well 
as good operating practice is evi- 
dent from the f^ct that these oils 
almost completely eliminate control 
mechanism wegr« Since the lubri- 
cant does not tend to deteriorate in 
service, waxy or vamish-like sub- 
stances are not deposited on the 
plungers and controls; therefore oil 
leaks through packing glands are 
reduced and the life of the packing 
is greatly extended 
A further economy is achieved by 
periodically Altering the oil m each 
hydraulic system without removing 
the press from service. Much less 
labor and expense is Involved than 
when efforts are made to salvage 
detenorated hydraulic oils in an in- 
dependent recovery system. And 


this filtration will also reduce to 
a great extent the frequency of oil 
changes m a given system. 

HEAT EXCHANGE OILS-Heat is 

essential m mold platens, extrusion 
press cylinders and nozzles, dip 
coatmg tanks, mill and calender 
rolls, and so on The older concep- 
tion of petroleum as a heat-transfer 
medium calls for steam refined 
cylinder oils having high flash 
pomts These oils, however, contam 
unsaturated hydrocarbons which 
cause them to deteriorate and form 
tarry deposits when subjected to 
elevated temperatures for long 
periods in the presence of air Since 
these tarry deposits soon coat the 
heating elements and the surfaces 
of the vessels being heated, the heat 
transfer rate is soon lowered Then, 
to counteract this lowered rate the 
temperature of the oil is increased 
But this only accelerates the oil de- 
tei loration rate So the vicious circle 
simply speeds up 
Field investigations of heat-trans- 
fer liquids over the past few years 
have shown that temperature 
ranges from —20 to +500 degrees, 
Fahrenheit, can be served by rela- 
tively light bodied, highly refined, 
oxidation resistant oils 
In open heating systems operating 
at atmospheric pressure, tempera- 
tures of 350 degrees, Fahrenheit, 
can be safely maintained without 
Undue vaporization or the formation 
of explosive vapors if the area is 
well ventilated However, when the 
temperature is to be carried beyond 
350 degrees, Fahrenheit, the boiling 
point of the oil must be raised by 
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Oourteiy WftUon-BtUlmftn Company 

Quolify of tho oil used os o fluid 
modium in this typo of press mo- 
chinery is of poromount importonce 

exerting a pressure of not over lO 
pounds pel square inch Continuous 
operating temperatures of 550 de- 
grees, Fahrenheit, with intermittent 
short intervals of 650 degrees, Fah- 
renheit, are being studied to note 
the behavior of oil m these ranges 
It has beenj^recognized that as 750 
degrees, Fahrenheit, is approached, 
regardless of the pressure that is 
carried, the zone is reached where 
oil wiU crack into gasoline, light 
oils, and heavy ends It would appeal 
that temperatures above 500 de- 
grees, Fahrenheit, are best served by 
some of the commercial heat ex- 
change fluids rather than by oil 
As with the hydraulic fluids, fil- 
termg devices improve the efficiency 
of heat exchanger systems. It has 
been found possible to keep units 
functioning at their peaks by allow- 
ing the filtered fluids continually 
to scrub the surfaces free of all 
deposits that (end to interfere with 
the free flow of heat 

RUST PREVENTION - Just as 
presses must operate smoothly and 
accurately, and the platens must be 
heated evenly if plastics items of 
good quality are to be produced at 
minimum cost, so the molds them- 
selves must be maintained in good 
condition. 

Molds are iy>t always in produc- 
tion, and whenever they are placed 
in storage — even of the shortest 


duration — their highly polished sur- 
faces are protected from rust which 
would destroy the usefulness of the 
mold even thou^ the rust can sub- 
sequently be removed 
When the period of storage is 
short, washmg the molds with a 
polar type thin film rust preventive 
having good solvent properties is 
enough piotection This preventive 
removes all sweat stains from the 
mold surface and displaces any 
water or moisture that may be pres- 
ent But for longer or an mdefinite 
period of storage the cleaned mold 
should be further coated with a 
soft petroleum rust preventive 
Similar treatment ’^should be given 
other machinery spare parts. There 
is no problem mvolved m the re- 
moval of the coatmg The metal 
surfaces need only be washed with 
regular petroleum solvents. 

LU BRICATION — ^Roll temperatures 
not above 350 degrees, Fahrenheit, 
m plastic mills and calenders of 
conventional design present no im- 
usual lubrication problems How- 
ever, it has been discovered that 
light lubricants possessing high oil- 
iness and load carrying properties 
give the equipment better protec- 
tion than do the heavy-bodied cyl- 
inder oils which have been custom- 
arily accepted as the best 
There is the possibihty that rolls 
may someday carry a temperature 
of 550 degrees, Fahrenheit, for the 
processing of plastics and synthetic 
rubbers When and if such equip- 
ment goes into production it may 
be necessary to use hydrocarbon 
lubricants that become effective in 
bearing temperature ranges above 
500 degrees, Fahrenheit Then there 
is the further modification of ma- 
chine design where a given calen- 
der will have some heated and some 
refrigerated rolls. The presence of 
two temperature extremes m a 
smgle unit will make necessary the 
use of lower viscosity or more fluid 
lubricants if unnecessary equip- 
ment and service complications are 
to «be eliminated. 

Lubricating greases for plastics 
processing machinery raise few 
problems. In fact, the toggle joints 
and stops on a press are almost the 
only points where special attention 
IS necessary. The difficulty here is 
that the motion is very slow and 
purely oscillating. Consequently it 
is difficult to apply the lubricant 
at the point of greatest pressure and 
keep it from being forced from be- 
tween the surfaces when the press 
goes into operation. The best pro- 
tection has been found to be active 
extreme-pressure gredbes cA pres- 
sure-gun consistency compounded 
so as to provide a strong afilnity for 


metal This lubricant resists the 
shearmg and wiping effect of the 
oscillatmg motion. 

There are, of course, many other 
applications for petroleum m plas- 
tics processing equipment But the 
biggest mechamcal elements — hy- 
draulic presses, mills and calenders, 
heat exchangers, and molds— have 
been touched upon. The facts indi- 
cate the importance of the selection 
and use of the correct petroleum 
product for the coirect job 
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OXYGEN TENTS 

Made of Clear Plastics 
In Small Size 

K4iniature oxygen tents foi babies 
born prematurely are now being 
fabiicated from Ethocel sheetmg 
Still m the experimental stage, the 
tents consist of a center curved sec- 
tion of heavy gage sheeting and ends 
of laminated sheetmg. The transpar- 
ency of the plastics material permits 
a full view of the tmy patient 

COMPACTS 

Combine Use of 
Metal and Plastics 

How WELL plastics can work with 
other materials is evident in the 
Lucite and silver compacts which 
are fabricated by Alzac California 
Jewelry Creations. Assembled en- 
tirely by hand, these compacts have 
hds of black methyl methacrylate 
to which is lammated the sterling 
silver design The base, with its 
powder compartment, is fabricated 
from transparent acrylic 

FURNITURE 

Uses Plastic Straps 

For Comfort and Durability 

Vinyl elastic strapping forms the 
backs and seats of “Put-A-Way** 
folding and demountable garden 
chairs that can be readily adjusted 
to different positions Not only does 
this Koroseal webbing add a touch 
of color but it withstands the often 
damaging effects of outdoor weather 
Washable, acid-proof, non-abra- 
sive, the extruded vinyl elastic 
strappmgs are resilient enough to 
conform to the shape of the body 
and to provide a maximum * of 
bodily comfort — an advantage which 
is often sadly lacking in summei 
furniture. The framra of these 
chairs, which were designed by 
V. P. V. Oerstel and Ferdinand 
Kramer of Products Development 
Division, are built of cypress. 
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PHENOLIC 

RESINS 



THE ‘‘EYES'' HAVE IT 

There are literally thousands of applications for Durez 
phenolic molding compounds applications which the 
casual observe! is likely to overlook Bausch & I omb’s 
"Arc Ban" and "Chip Ban" safety goggles, for example, 
have eye cups of molded Durez These possess high-im- 
pact strength and are not affected by moisture, sterilization 
by steam, or niost acids The unusual versatility of the 
more than ^00 Durez phenolic molding compounds has 
made their use throughout industry practically all-inclu- 
sive Such properties as impact and dielectric strength, 
moisture, heat, and acid lesistance, highest dimensional 
stability at temperature extremes, diversity of finishes, and 
excellent moldability make them the logical starting point 
when you’re searching for the plastic that fits your job 


NO SENSE “RUBBING IT IN'* 

Emulsion "no rub" waxes having a wide range of pro- 
perties can be made with Durez resins Though all have 
rich, full gloss films, the films may be varied from those 
which may be lemoved with mild soap to those which 
permit the cleaning of waxed floors without harming the 
waxed surface Well-known throughout the entire pro- 
tective coating industry, Durez resins promise many 
profitable applications for peacetime markets 





Right off the press, the Durez Plastics Pnmer is a brind new, 
illustrated booklet about phenolu. plastics and is especially de- 
signed for quick reading by today’s overburdened executive Not 
for the technical man who is already familiar with the subiect, the 
Durez Plastics Primer is a brief, simple, crystal clear digest filled 
with basic fgets covering the part the phenolics play in the over- 
all plastics picture Clip the attached coupon and send for your 
free copy Absolutely no obligation, of course 


Durez Plastics u. Chemicals, Inc 
5311 Walck Road, N Tonavsindn, N ^ 

Phase send me a Ircc topv of the new Plastics Primer 


Company — 
Jddnss — 


PLASTICS THAT PIT THI JOB 
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RAILWAY TRANSPORTATION 


ConductMl by C. B. PECK 


Chasing Water Pockets 


Soft Spots in Railrood Tracks, Coused by Pockets in the Subsoil, Create 
Mointenance Problems and Frequently Necessitate Speed Reductions 
Effective Use of Cement Mixtures is Eliminating Such Pockets Without 
Interfering with the Use of the Track 


P AILROADS have always been ac- 
I X customed to worry along with 
occasional “soft spots” m their 
tracks As wheel loads have grown 
heavier, train speeds higher, and 
the gross tonnage of traflBic move- 
ment greater, however, this old an- 
noyance has become a problem of 
major importance These changes m 
conditions have all helped to create 
more miles of soft track; as sched- 
ules have been stepped up, the re- 
duced speeds required for safe op- 
eration over unstable track become 
a serious operating embarrassment 
Keeping the track on these spots m 
line and up to grade is an extremely 
expensive job and most of the 
former methods of restoring stability 
interfered seriously with the use of 
the track 

In recent years a number of rail- 
roads, as the result of extensive 
study and experiment, have learned 
that a mixture of cement and sand, 
injected into the affected spots, 
eliminates most chrome soft track 
conditions They have developed 
effective means of injecting such 
mixtures, or “grouting,” without dis- 
turbing the track or mterfering with 
its use. 


aggravated under the stress of 
heavy, high-speed traffic arise from 
the destruction of normal drainage 
conditions. 

When a train passes over a track 
at high speed, each rail is subjected 
to a series of vertical loads varying 
from around five to upwards of 18 
tons each, depending upon whether 
the passing wheels are those of an 
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WHAT CAUSES IT--Soft track is 
caused by wet subsoil below the 
rails which, because of its more or 
less water-saturated condition, has 
relatively low weight-bearmg ca- 
pacity Certain spots along a given 
track, for various reasons are never 
stable In such spots frequent ad- 
ditions must be made to the ballast 
and the subgrade may require oc- 
casional refilling to restore the track 
to its normal surface level. In ex- 
treme cases the instability is such 
that soil squeezed out from under 
the track dislocates the right-of- 
way fences. 

Such are tl]te occasional soft spots 
which have long had to be tolerated. 
Those which have been created or 


FIG. 4 GROUTED 1-12-42 DUG OUT G-25-42 



FtG.§ GROUKO 9-10-42 DUG OUT 10-14-43 
Test cross* lectioas on the New York 
Central show how the Injected con* 
Crete grout seels off the soft sub-grodc 
ond helps to tpreod the load over it 

empty freight car or of a large steam 
locomotive In the case of a freight 
train operating at 70 miles per 
hour, the impulses, passing along 
the track in waves of alternately In- 
creasing and decreasing load on the 
rail, occur most frequently in groups 
of four at the rate of about 15 per 


second as the ends of the cars pass, 
the groups recurring at intervals of 
a half second or less The rail, ties, 
and ballast tend to distribute these 
loads over a considerable area of 
subgrade, but nonetheless the sur- 
face of the subgrade directly under- 
neath the rail is subjected to a series 
of blows at air-hammer rapidity, 
the total effect of which is to create 
pockets m the surface of the subsoil 
in which water tends to collect and 
from which there is no drainage 
Thus the softenmg process proceeds 
and the pockets tend to become 
deeper until the track instability 
has to be dealt with 

SPEED RESTRICTIONS - Where 
such track conditions have devel- 
oped, it becomes necessary to add 
ballast, sometimes at frequent in- 
tervals, to restore the sagging 
track It may also be necessary, m 
the interest of safety, to issue “slow 
orders” limiting train speeds over 
the soft spots These slow orders 
may be removed after repairs have 
been made, only to be required again 
in all too short a time as the pocket 
continues to grow. On important 
mam lines where traffic is heavy, 
such soft spots may have to be 
worked on several times a week, 
and may be subject to speed restric- 
tions for more than half the time 
Not only is such attention very 
expensive as compared with main- 
tenance requirements on normal 
track, but the slow orders Interfere 
with the smooth and economical 
movement of traffic With passenger 
trains frequently running on sched- 
ules requiring many miles of line to 
be passed at speeds upwards of 100 
miles an hour and freight-tram 
speeds naming up to 70 miles an 
hour, the incidence of enforced 
speed reductions is far more seri- 
ous, both as to the number of trains 
affected and as to the disruption 
of schedules, than they were two or 
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three decades ago when top speeds 
in the two services were more near- 
ly 60 and 60 miles an hoiir, respec- 
tively 

REMEDIES — ^Methods of remedying 
these conditions have mcluded in- 
stallation of special drains, digging 
out and backfilling the pockets, and 
even removing the track to permit 
placing wood or concrete mats to 
distribute the track loads over a 
large area But, even where effec- 
tive, these methods are expensive to 
apply and most of them involve 
serious interference with the use of 
the track 

About 1940 several railroads un- 
dertook investigations and experi- 
mental programs mtended to de- 
velop more satisfactory means of 
dealing with these conditions One 
of these roads, the New York Cen- 
tral, selected six spots for investiga- 
tion on its Toledo-Detrolt branch 
At each spot a series of trenches, 
spaced 25 feet apart, were dug 
across the roadbed, the bottom m 
each case was carried down to dry 
subgrade material No free water 
was found in the pockets exposed by 
these trenches, but the subsoil in 
the bottoms of the pockets was suf- 
ficiently wet to be oozey The cross 
sections also disclosed invariably 
that the point at which the pockets 
were deepest was directly under 
the rails 

The investigations of this and 
other railroads led to the conclusion 
that whatever treatment was de- 
veloped should cut off the supply 
of moisture from the subsoil in the 
water pockets, and that whatever 
material was used should be forced 
into the pockets under pressure 

GROUTING — In December, 1940, 
the New York Central began grout- 
ing with a sand-cement mixture at 
the six test locations already re- 
ferred to In an expanding program 
this work has progressed until, at 
the end of 1944, such treatment 
had been applied at over 200 loca- 
tions having a total length of 36,379 
track feet The future program con- 
templates the correction of condi- 
tions at some 1200 additional soft 
spots on mam -line track, with pos- 
sibly as many more on branch lines 

The New York Central method 


comprises the use of a rich 1-to-l 
sand and cement grout with enough 
water to make it soupy; this is In- 
jected into the soft spots below the 
rails by pneumatic pressure. The 
rich cement mixture not only serves 
to seal out the water from the sub- 
soil around the water pockets but 
it develops considerable strength 
which aids m distributing the traf- 
fic load over the bottoms of the 
pockets 

Essentially, the equipment for 
grouting these pockets includes a 
mixing tank, a portable air com- 
pressor, a supply of injection pipes, 
a pneumatic hammer suitable for 
driving the mjection pipes into 
place, suitable lengths of air and 
grout hose, and portable water 
tanks 

The injection pipes are driven 
through the ballast outside the ends 
of the ties, usmg the pneumatic 
hammer on the capped ends of the 
pipes The pipes are slanted to 
bring the end as nearly as possible 
directly under the rail when it has 
reached well into the pocket Then 
the water, cement, and sand for a 
batch of grout are mixed and the 
grout forced into the water pocket 
through an injection pipe The 
quantities injected are said to have 
varied up to as much as 50 one-sack 
batches through a single injection 
pipe 

LEAN MIXTURES-Another road 
which has made an mtensive study 
of the soft-track problem is the 
Atchison, Topeka & Santa Fe For a 
number of years prior to its adop- 
tion of cement grouting, this road 
had been trying to find a practi- 
cable means of filling water pockets 
with a very fine drifting sand com- 
monly known as “blow” sand, of 
which there are quantities available 
at many points west of Kansas City 
That water could be sealed out of 
the pockets with this material had 
been proved by experience with 
soft spots which had been dug out 
and back-filled with it. 

Based on this experience, unsuc- 
cessful efforts were made to inject 
dry sand into water pockets with 
air pressure Then in December, 
1941, the Santa Fe began experi- 
menting with cement grout pumped 
into the pockets It should be noted 



Two crtws ot work grouting soft spots 
in trock of New York Control System 


that, unlike the New York Central 
and other roads, the objective of 
the Santa Fe was confined to seahng 
out the water and restoring original 
drainage conditions The cement 
and water served as a lubricant to 
enable the blow-sand grout to pene- 
trate and fill all the voids* no 
thought was entertained of creating 
concrete “beams” imder the rails 
The mitial experiments were made 
with mixtures ranging from one 
part cement and six parts sand, to 
one part cement and 13 parts sand 
Eight gallons of water were intro- 
duced for each cubic foot of dry 
mixture This grout was injected 
into the pockets under 100 potmds 
per square inch air pressure 
Research has contmued since 
these early experiments Many va- 
riations in the richness of the grout 
mixtures have been tried, and 
numerous materials have been sub- 
stituted for blow sand In the end, 
however, the best combination was 
found to be within the original 
range of cement-sand mixtures, and 
the fine sand — the finer the better 
— ^was found to be the most effective 
material 

EMULSIFIED ASPHALT-In 1944 
extensive laboratory experiments 
were undertaken in co-operation 
with the Texas Company in an at- 
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tempt to work out a combmation 
of asphalt and cement for use in 
track grout The results were en- 
couraging and after a series of track 
trials a grout consisting of one part 
of either Portland cement or mortar 
cement to 6 to 20 parts of sand, 
to which were added 1/5 to 1/10 
gallon of emulsified asphalt per cubic 
foot of sand and from 4% to 8 
gallons of water for each cubic foot 
of dry material^ was finally adopted 
as most satisfactory. This formula 
gives the same penetration and is 
considered even better in water- 
<«ealing properties than the richer 
cement-sand mixture 
Much of the experimental work 
done by the Santa Fe has been de- 
voted to the improvement of meth- 
ods and equipment for gettmg the 
grout into subsoil One of early 
developments was the substitution 
of hydraulic for pneumatic injection 
The latter was slow and otherwise 
unsatisfactory and a piston-and- 
cylinder grout pump which forces 
the mixture into the roadbed imder 
a maximum pressure of 450 pounds 
per square inch was developed 
Then began the successful develop- 
ment of complete mechanical equip- 
ment for mixing and injecting the 
grout as a continuous process 
Unlike the New York Central, the 
Santa Fe method involves driving 
holes into the water pockets and 
then inserting injection pipes into 
the holes The holes are spaced 
about 5 feet apart. Since May, 1942, 
the Santa Fe has grouted wet spots 
aggregating considerably more than 
50 track miles in length 

COSTS RETURNED— Results so far 
observed have shown satisfactory 
improvements in track stability and 
reduction in maintenance costs. For 
instance, on the New York Central 
system, two soft spots not far apart, 
aggregating 312 feet in length, were 
grouted at a cost of $300.88. Prior 
to grouting these spots required 
maintenance at least three times a 
week at a cost of $248 96 a month 
Grouting reduced these costs to 
$17 70 a month. The grouting thus 
returned its cost in savings in main- 
tenance within less than 1% months 
While the aggregate results are not 
as striking as this specific example, 
they are highly sati^actory. 

One of the oldest sections of 
grouted track on the Santa Fe in- 
volves 4 2 miles of single-track 
main line over which speeds up to 
100 miles per hour are permitted 
In 1940 slow orders had b^ in ef- 
fect on this track for 262 days of the 
year. In 1941, after an attempt was 
made to improVie the track, it was 
still necessary to keep slow orders 
m eflfect on a 1% mile section for 


163 days durmg the year. This track 
was grouted in 1942. Since the work 
was completed no slow orders have 
been required at this location The 
cost of stabilization is said to have 
been returned within one year by 
the reduced expenditures required 
for maintenance. 

^ From the standpoint of the Ameri- 
can travehng public this develop- 
ment spells better riding qualities 
of passenger trains, the on-time 
performance of which will be pro- 
gressively improved as the number 
of soft-spot speed restrictions are 
reduced 


m m m 


DRAGGING EQUIPMENT 

Spotted Before loose 

Paris Can Cause Derailment 

Occasionally, but rarely, some 
part of a railway car truck may fail 
m such a way as to drop down and 
drag along the track. To avoid the 
hazard which such parts cause if 
they are dragged mto a switch, 
where they may catch and derail 
the car, the Pennsylvania has in- 
stalled dragging-equipment de- 
tectors on Its main tracks 

Each installation consists of four 
castings, the tops of which are made 
of U-section bars These are placed 
across the track, two between the 
rails slightly below the level of the 
top of the rails and one outside each 
rail. These castings are connected in 
an electrical circuit which energizes 
a relay that in turn controls the cir- 
cuits for the next interlocking home 
and distant signals The detectors 
function by being broken by the 
dragging member, thus interrupting 
the electrical circuit 

These detectors are located a 
suitable distance ahead of the road- 
side signals so that the breakmg of 
a detector allows the signals to come 
to the most restrictive aspect in time 
to permit the engineman to stop the 
train at the home signal When the 
train stops, the signal-tower op- 
erator advises the crew that the 
dragging equipment detector has 
functioned. The crew then inspects 
the train and repairs or removes the 
affected car, 

ALUMINUM TANK 

Still in Excellent Condition 

After 17 Years 

Th8 first aluminum tank car was 
built in 1928 by the General Ameri- 
can Transportation Corporation. In 
August, IMS, it had hem in service 
for 17 years. At the outset It was 


handling glacial acetic add tor the 
Niacet Chemical Company and since 
March, 1930, it has been assigned 
exclusively for the handling of gly- 
cerin for Procter and Gamble. Dur- 
mg this period it has traveled 408,- 
000 miles and, except for minor 
running repairs, was shopped but 
five times The tank itself has never 
required any repairs, beyond re- 
placements of aluminum heater 
pipes The only repairs had to do 
with the trucks, brakes, and draft 
gear. The tank, built of Alcoa 3S 
alloy, was butt welded throughout by 
the gas process 

This tank has a capacity of 8000 
gallons and was design^ for a 
working pressure of 25 poimds per 
square mch Weighing 33,900 
pounds, the car represented a saving 
of about 8300 pounds as compared 
with a steel tank of the same ca- 
pacity It and other aluminum tanks 
subsequently built have demon- 
strated the ability of this material 
to transport such commodities as 
glacial acetic acid, hydrogen perox- 
ide, glycerin, formaldehyde, naph- 
thenic acid, nitric acid, and other 
chemicals and food stuffs in bulk 
which do not require a special tank 
lining 

RAILROAD RADIO 

Network Uses Portable 

Frequency-Modulation Sets 

EQnxFFXD with mobile frequency 
modulation radio sets in an indus- 
trial version of the Army’s “walkie- 
talkie,” five Diesel-electnc locomo- 
tives of the Westinghouse Electric 
Corporation now roll over 25 miles 
of switchtracks in Pittsburgh, their 
crews in constant radio communica- 
tion with the yard office 

The new static-free radio com- 
mimication system which allows two- 
way conversations between engine 
and yard office, quickly proved its 
worth Now, instead of Ae engine 
running back to the yard office for 
instructions, the yard office com- 
municates with the engine crew in 
any part of the yard and gives in- 
structions. The saving in time and 
also in the physical labor of throw- 
ing switches, whidi was necessary 
when engines had to keep running 
bade and forth to the yard office, 
has speeded up the movement of 
freight in the yard. Where, hereto- 
fore, hours were consumed in mov- 
ing certain cars, minutes are now re- 
quired 

The little network consists of five 
mobile stations on the five locomo- 
tives and one stationary transmitter 
and receiving set in the yard office. 
Frequency modulation radio was 
chosen b^ause of its elimination of 
static. 


300 


SCIENTIFIC AMERICAN • NOVEMBER 1945 



SEismiiMi wii lutiias 

^ LENSES i PRISMS 



SILVERED TANK PRISM 

Stock #3004-8 12.00 Each Postpaid 


PLAIN TANK PRISM 

>tock #3005 S $2 00 Each Postpaid 

FOUR TANK PRISMS— Special $7 00 Postpaid 

The most sensational bargain are have ever been 
iblc to offer 


TANK PRISMS 

In order thnt the tank driver ahall not ret ahot 
In the face, S of theae Silvered Prlama are uaed 
to make a Perlecope We have secured a number 
of these that are very ellghtly chipped, making 
possible their sale at a very low price They are 
90-4B-45 degree Prisms of huge size — 5%^ long 
wide, finely ground and polished Used to 
build a Periscope excellent also for experi- 
ments, classroom demonstrations Some of our 
ingenious oustomers have used these prisms to 
make camera stereo attachment, range finder, 
etc Prism easily converted into desk name 
plate by affixing gold letters 100 supplied at 
only IOC (Order Stock #2008-3 ) Normally 
these Prisma would retail from $24 to $30 e%ch 


vioir 

INDIGO 

8LUE 

CREM 

YIUOW 

ORANGE 


RED 

^WALL 



TO SEB THE COLOUR OF THE 0PECTBUM. 
hold a plain tank prism in sun’s rays as shown 
in drawing White incident light which passes 
through prism is thus broken up into a band of 
primary colors known as the spectrum — a beau- 
tiful sight I By looking through a tank prism 
at a certain angle, y($u can see a world of 
colors everywhere Truly amasingl 


SPECIALS IN LENS SETS 

Sit #l-$— **0ur Advertisino SpKiar’— 15 Lenses for 
$1 60 RoitpakI, plus 10-page Idea booklet For copying, 
ULTRA CLOS^UP maeropbotography, experi- 

mental optics, magnifying and for making a two power 
r/16 Telephoto Lena, “Dummy Camera,” Kodaebrome 
Vliwer, DETACHABLE REFLEX VIEWFINDER for 35 
mm cameras, stereoeccgiic viewer, ground glass and 
enlarging focubiiig aids. TELESCOPES, low power Micro- 
icopei and for many other usei. 

Sit #15-S— ”Thi Experiminter’s Dream"— 62 Lenses 
Prisms and Optical Items, and New 50 Page Book, ”Fun 
With Chipped Edge Lenses " 515 00 Postpaid Tbe 
variety of Lenaei and Prlams in this set will enable you 
to conduct eountleas experiments, build a great variety 
of .Optical Equipment A sensational buy 

NEW 50-PAGE IDEA BOOK "FUN WITH 
CHIPPED EDGE LENSES" 

Cootalof wide variety of projects and fully covers tbe 
faidnstlng uses of all Lenses in sets listed above 
eidy $1 00 Postpaid 

POLAROID (Oytd)— Suitablo for Experimentation Con- 
sists 8 discs — 2%^* diam Some Imperfections in glass 

Stock #622-$ II 00 Postpaid 

l^POWER COLOR CORRECTED MAGNIFIER SET— 
Consists of two 15 mm diam magneitluin fluoride low 
reflection coated Achromatic Lenses and section of metal 
tubing for mount 

Stock #1029-S . $1 50 Postpaid 

LENS FOR KOOACHROME EYE VIEWER Color 
corrected cemented lens 41 mm diam , 66 mm FL 
Stock #6116 $ , 51 00 Postpaid 


MISCELLANEOUS ITEMS 

stock No Item Price 

3016 S-— Pentagon Prism Each $0 75 

2024 S — 10 Pieces Circular A I Plate Glass (Diam 

31 mm — for making Filter) 25 

3021 S — Amid Roof Prism (3rd Grade) kscii 25 

4009 S--*Heat Absorbing Glass 4** x S’' Each 35 

4010-S — Heat Absorbing Glass 2" x 2’ Each 10 

3020 S — 'Right Angle rrlM 48 mm wide (3rd 

grade) Bach 35 

523 S~31x Ttireaded Metal Reticle Oelli 25 

26 S — ^Flrst Surface Aluminlaed Mirror, Diam 

Bach 25 

624-S--^eutral Ray FUter fist x 2^" 25 

3022 S-^Round Wedge 65 mm Diam Each 5 00 

3036 S— Roof Prism — 80 degree, face IH” wide 

Bach . 4 00 

22-S— Inclinometer — ^Alrcraft type Each 25 

704 S — Lens Cleaning Tissue, one ream (480 

fiieets), size TH" x 11" , , 1 50 

1030 S— 2" Diam Redu^ Lens Ekch . 25 

1031 S— Perfect 6 Powef 'Ifagiilfler— Diam 28 mm 

Each **•* , , « • 25 

2043 S— Standard Crooslliie Reticle — ^Ditm. 20 bb 

Bach 50 

1034-S— Burning Glass Lens Eadb . . 25 

(Minlmuni Ordar on Above— 51.00) 

SPECTROSCOPE SET These sets contain all Lenses 
and Prisms you need to aako o Spectroecope plus FREE 
15 -page Instruetioo Boddot 

Stock #1500 8 — Hand 2>pe Spectroscope |9 45 Poitpairf 
Stock #1501 $ — Laboratonr Type Speetroocope 

16.50 Postpaid 


All Itemi Ftntly Ground and Poltshrd 
but Edges Slightly Chipped or Other 
Slight Imperfections Which We Guar- 
antee Will Not Interfere with Their 
Use* Come Neatly Packed and Marked 


YOU CAN EASILY MAKE 

Telcscopt, Magnifiers, Photographic Gadgets and Hun 
dreds of Experiments with these Low Cost Lenses 
Excclicnt also for XMAS gifts 
To translate millimeter measurements 25 4 mm equals 
one inch 

8 MM MOVIE PROJECTING LENS SET--Cotuils(K 
of 2 Achromatic Unses, Diam 15 mm and a F 1 
when combined of approx one !neb Bach lens has 
the new magnesium fluoride low reflection coating 
Stock #4011 S 51 40 Postpaid 

16 MM PROJECTING LENS SET— Conaists of 2 
Fluoride coaled cemented Achromatic Lenses 1 Incii 
diam with combined F L of 2 Inches 

Stock #4024 8 51 70 Postpaid 

MONOCULAR SET OF LENSES AND PRISMS 
From Navy's 7 x 50 Binocular All the optica you 
need to make a 7 Power Monocular Complete D1 
rectlons included 

Stock #5101 S $5 00 Postpaid 


MICROSCOPE SETS 


Consisting of 4 Cemented Achromatic Lenses for mak- 
ing a 40 Power Porket Microscope or 140 Power reg- 
ular size Microscope Theae color corrected Lenses 
will give you excellent definition and may be used for 
Micro photography 

Stock #1037-$ 13 00 Postpaid 

( onslhtlng of Prism, Mirror and Condensing Lena 
These used together witli Stock #1037-3 will make an 
excellent micro projector enahilng you to get screen 
magnlflratton of 400 to 1,000 Power according to 
acrem distance 

Stock #1038 S 52.00 Postpaid 


ALL THE LENSES YOU NEED TO MAKE 
YOUR OWN TELESCOPEt 
ALL ARE ACHROMATIC LENSES 


GALILEAN TYPE — Simplest to make but has narrow 
Field of View 
Stock #5003 S— 

Power of either 5, 6 or 10 51 00 Postpaid 

Stock #5004 Sr-^ 

Small 2 Power Poiket Scope. II 00 Postpaid 

TERRESTRIAL TYPE— Have much wider Fiald of 
View than Galilean Type 

Stock #5007 S— 11 Power Telescope 13 20 Postpaid 
Stock 4^8-8—20 Power Telescope, 3 45 Postpaid 
Stock #5009-S-40 Power Telescope 7 45 Postpaid 

PRISM TELESC0PES-4;se8 Prlta instead of Lenses 
to Brect Image and are mudh shorter than Terrestrial 
Type Have wide field of view 
Stock #5010 S- 6 Power Telescope .|9 00 Postpaid 
Stock #5011-$— 11 Power Telescope 3.25 Postpaid 
Stock ^12 S-SO Power TMeceope 7 25 Pofipaid 


COLOR FILTERS 

1 Red and 1 Yellow Filter in following Diam 
20 mm (seconds) 40c 

32 5 mm . . , (seconds) 70c 

37 mm . , (seconds) 70c 

45 5 mm (seconds) 90c 

31 mm . (seconds) 70c 

(MintmuB Ordar on Above— 5100) 
CLEANING BRUSH SET For Lenses. Opti- 
cal instruments, etc Perfect quality — 12 ineh 
Flexible Plastic handle, hollow ciretdar const. 
Range from stiff to very soft 4 Brushes to set 
Stock #504-S— «(Reg |6 00 value) 

. Prkt ILOO Postpaid 


Stock Ne. Type 

PRISMS 

Base 

Width 

Base 

Length 

Prica 

3040-S— Right Angle 

33 mms 

28 BEM. 

5100 

3042-S~^Rlfbt Angle 

ilmms 

40aMna. 

1.00 

3045 $— Right Angle . . 

,T0 BEM 

168 BBS 

8.00 

3001 S— Lev Surfici 

.. 20BB8 

14 BBA 

2.00 

•3009.S-Porro . . 

.. 82BBU. 

26 BESS 

1M> 

3016-S-Peatagia 

,45 BBS 

>2 BBS. 

75 

3029-S-Dovf .. 

.,16 BBS. 

66 BBS. 

125 

3036-S— 80 Degree Roof 

go BUBS 

84 tun. 

ADO 

6136-S— Rhoabiid 

20 BBX 

irjBBi. 

SO 


TANK PERISCOPI 

Completa S«f MoDRftd Compoiieiita 

RufgodL strong^ originally conatruoted 
for U S Tank Corps Gonalsts of 8 fine 
Periaoopo Mirrora mountad in metal 
and plastic Psrfsot condition 0»ty 
plywood body frame la required to 
finish this exceptional Periscope Ftrat 
aurfaee mirror Is well protected by 
glass windows. Bet weight 1% the. 
Overall length of mount 6^**, width 
8 14'', Would Bocmally retail at 140 to $60 
Stick #700cf .,.13.00 CempMt Set Postpaid 

TWO SETS <4 WRITS) 

. . . .BFECIAL 15.50 Postpaid 


ORDER BY SET OR STOCK MO. « SATISEACTIOM OUARAMTEED 


EmDIlD SnVME CaZPAIIT -P. 0 . 1 linmiw, MEW JERSEY 
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IN OTHER FIELDS Conducted by The StaiT 


An Expanding Chemical 


Sodium Methylote, Now Avoiloble Commercially, is Used in Drugs ond 
Cosmetics, in Perfumes ond Lacquers, in Dyes and Insect Repellents 


K nown as a laboratory product 
for some time, sodium methy- 
late IS used in research and is es- 
sential in the manufacture of sulfa- 
diazine and a number of other prod- 
ucts But Its use m industry has 
been limited because, until recently, 
there was no “ready-made** sodium 
methylate on the market 
Whenever methylate has been 
needed, the user has had to make 
it himself, by droppmg small pieces 
of metallic sodium mto methyl alco- 
hol The resultmg solution is not 
completely satisfactory where high 
yields of certam products made 
from the methylate are desired, 
smce it may contain various im- 
purities and may be too dilute Now, 
however, the chemical is being made 
on a commercial scale 

HOW MADE — Commercial sodium 
methylate may be made by a modi- 
fication of the Castner electrolytic 


process which has been used for 
years to produce chlorine and caus- 
tic soda In the Castner process, 
brme is electrolyzed m a cell con- 
taming mercury as its cathode The 
sodium chloride is separated into its 
elements, the sodium combines with 
the mercury to form sodium amal- 
gam, and chlorine gas is liberated 
at the anode When sodium amal- 
gam is treated with water, the so- 
dium reacts to form sodium hy- 
droxide (caustic soda) and hydro- 
gen, and the mercury which re- 
mams is returned to the electrolytic 
cell 

In the production of sodium 
methylate m The Mathieson Alkah 
Works, the same process is used, 
but the amalgam, instead of bemg 
treated with water, is brought into 
contact with methyl alcohol (meth- 
anol) The sodium amalgam is 
circulated through a specially de- 
signed contact tower (or decompo- 



Cottatr MrtfttVcfllt in wliicli tht soil it •ttctrolyzed info lit •Iniiinnts, todium and 
chforino. Tlit t^iain foniis on omolQom with fho mattory ond it thon trootod with 
niothyf okohol in o rooetinn towor to form tedium mnthylalo whkk it drynd and pocked 


sition chamber) which is packed 
with pieces of graphite flooded with 
the amalgam Methyl alcohol pre- 
heated to reaction temperature is 
forced in at the bottom of the 
tower tmder sufficient pressure to 
overcome the head of amalgam in 
the tower The sodium m the amal- 
gam reacts with the alcohol, pro- 
ducmg gaseous hydrogen and a 
solution of sodium methylate, as the 
amalgam and alcohol move in op- 
posite directions along the pieces 
of graphite The mercury is r#*- 
turned to the Castner cell from tho 


/Mercury 


/Methanol 


Sodium 

Chloride 

Solution 



Flow diagrom of sodium methylate 
commercial manufacturing process 


bottom of the contact chamber by 
means of a riser. The solution of 
methylate and the hydrogen formed 
with it are separated at the top of 
the tower. The methylate alcohol is 
then evaporated from the solution 
to give a white, dry powder con- 
taining at least 95 percent methy- 
late The powder is packaged in air- 
tight containers to prevent reaction 
with components of the atmosphere 

DRUGS AND EXTRACTS-Among 
the drugs, in addition to sulfadia- 
zine, which require sodium methy- 
late in their manufacture are sulfa- 
merazine, atabrine (the quinine 
substitute) > the barbiturates (vero- 
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nal, phenobarbital) , and some of 
the vitamins. 

The perfume mdustry, too, uses 
considerable quantities of sodium 
methylate Flowers owe their scent 
to chemical compounds — aldehydes, 
ketones, and esters. When synthetic 
perfumes are manufactured, similar 
(fompoimds can be prepared with 
the help of sodium methylate For 
example, nonaldehyde is used m 
makmg rose oil, benzaldehyde for 
hehotrope perfume, methyl nonyl 
ketone for the sweet pea odor, and 
lonone for violet perfume 

Sodium methylate is useful in the 
food mdustry for the preparation of 
flavormgs, essences, and extracts — 
compounds which are chemically 
similar to scents 

In the held of cosmetics, sodium 
methylate is used to prepare a va- 
riety of beauty preparations, inclad- 
mg a light screen medium for sun 
tan lotions and creams 

OTHER USES—Sodium methylate is 
used in preparing xanthates, re- 
quired in metallurgy to extract 
copper, lead, and zinc from their 
ores by the flotation process 

Components of nitrocellulose 
lacquers mvolve the use of sodium 
mesylate The solvent for the 
lacquer and the plasticizer added 
to make the film strong and pliable 
are made with tlie help of this vei - 
satile chemical 

Methylate is widely used, both in 
research and mdustry, for the 
preparation of organic mtermediates 
—chemicals used m the preparation 
of other chemicals One of these is 
acetoacetic ester, used m the manu- 
facture of innumerable compounds 
These include many dyes and pig- 
ments, such as the “Hansa Yellows,” 
used in lacquers and mks, and the 
pyrazolones, used in textiles be- 
cause of their fastness to light 
Among the new insect repelling 
compounds is indalone, a product 
also prepared from methylate intei- 
mediates 


m m ^ 


EXPANDING RESEARCH 

Predicted by Edvcator 

As Result of War 

A RAPID expansion of industrial 
research after the war was pre- 
dicted by Dr. Harvey N Davis, 
President of Stevens Institute of 
Technology, in a recent address be- 
fore the American Society of Re- 
frigeratmg Engineers. 

“American post-war industry will 
be definitely on the move,” he said. 


“It will be changing lapldly. The 
total volume of production will, we 
all hope, continue to be as it is now, 
greater than ever before in our his- 
tory. 

“The kmd of things produced will 
be very different from our present 
output, and probably different in 
many significant respects from pre- 
war production. And the kejmote of 
all this change is gomg to be indus- 
trial research. Even if one prefers 
to limit the term to what goes on m 
our 2000 to 3000 mdustnal scientific 
laboratories, it is still true that ac- 
tive vigorous industrial research will 
be a far more important factor m 
post-war industry than was ever 


before the case in this or any other 

country. 

“The first World War, and par- 
ticularly the spectacular develop- 
ments in military aviation, drew 
general attention both to the actual 
and to the possible achievements 
of applied science, and by 1940 the 
number of industrial research lab- 
oratories was more than seven times 
that of 20 years before. There is 
every reason to expect that the 
after-effect of the present war wiU 
be even greater 

“Furthermore,” Dr Davis contin- 
ued, “this country has experienced 
an immersion m war research m 
the last two or three years that is 



Ingenious New 

Technical Methods 

To Holp You With Your Reconversion 
Problems 



"Dle*LesoH|)ipllcating” Eliminates 
Time Loss and Die Expense I 

The DI-ACRO Bender is a precision unit, designed 
to form and duplicate an unlimited variety of 
parts and pieces— eliminating, in many cases, the 
need for special dies Tubing can be accurately 
formed with the Dl-ACRO Bender to a center lint 
radius as small as IYj times the outside diameter of 
the tube without distortion Shapes and outlines, 
impossible to obtain with regular produaion dies, 
arc easily formed with the DI'ACRO Bender These 
include round, half-round, hexagon, and square 
rod, tubing, angle, channel, moulding, strip, stock 
and bus bar 

Steps may be set and material guides mounted for 
production work tn excess of 1000 operations 
per hour The Bender is compact and portable, 
ideal for temporary or permanent work Theie are 
no extra parts to purchase, as the DI-ACRO Bender 
has been built to cover a wide working range, with 
simple conversions 

Peacetime productian for industry, forecasts the re 
turn of Wriglcy’s Spearmint Gum— that favorite 
"help on the job," tor workers everywhere But 
Wrigley’s Spearmint will be back only when con> 
ditions permit its manufacture in quality and 
quantity to meet your needs. Unul that day, we ask 
]^u to remember the famous Wrigley's Spearmint 
Wrapper shown At right, as your guarantee of the 
finest chewing gum that can Be made. 

You can compute tnformatton from 
O'Nitl-Irwtn ManufacturmgCo , NUtmapolu 15, Mmn 



Typical Shapes Formed by the 
DI-ACRO Bender 



Remember this wropper 
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The Editors Recommend 


PROCEDURES IN EXPERIMENTAL PHYSICS — 
By J»hn Strang, Ph D, A WMlth of ufolul data of 
a practical kina for tha ooaatnietor. asporimontor, 
and akiUad craftamaa M SO 

HIGH FREQUENCY INDUCTION HEATING — 
By Frank W Cunt* Aatwara jnanf quaationi cou 
Leraing induoiion haatiag a&d ita utliSty in induatrial 
prooaMca Thoroughly practical in acopa SS 85 

PLANNING TO BUIIJO By Thamm* If 
traighton Anawara many of tha quaationa aaked by 
proapactive home buUdara Planning, deaigu and 
Lonatruction are fully covarad $2 60 

TOOL MAKING — By 6 M tola Inatrurtiona for 
making and uaing all kinda, from peraonal took to 
arbor preaaea, lathaa, planers, etc , in diffeient 
metala ST 60 

TECHNIQUE OF PLYWOOD — By Charlm$ B 
NarrU Taohnical information on all phases of ply 
wood manufat ture and use compiled for engineers, 
fleaignera, and users of plywood Important to 
many phases of peace time housing and manufacturing 
probiema $2 50 

OPTICAL WORKSHOP PRINCIPLES — - By (.al 
ChmrlmB Davm* War time tranalatiun of a French 
work on precision shop optics, with heavy emphasis 
on actual handiwork Covers glass, abrasives, cements, 
mechanical theory of working optical surfaces, sur 
facing, tests, centering, and so on $6 10 

HANDBOOK Ofr CHEMISTRY AND PHYSICS — 
A classio reference book recently revised and brought 
up to date to keep naea with recent research In 
eludes material on all branches of chemistry, physics 
and allied sciences Used in IsborstoHee and by 
engineers, communications eaperta, and the serious 
2571 pages $4.10 Foreign $4.50 postpaid 

ATOMIC ARTILLERY — By John Kalloek 
BobmrUon, Electrons, protons, positrons photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language AJso transmutation of the 
elements and the manufacture of artificial radio 
activity 82 35 

PLASTICS ^ By J U DubaU Third edition, 
again revised and enlarged, with two four color 
plates This is an important hook on the whole 
general subject of plastics, plus much brand new 
material on synthetic rubber, manufacturing processes 
sod plastics moldings 84 10 

kXPERIMENTAL ELECTRONICS By Baipk 
H Muttmr, A L Carman, and M B. Drpm 
A solid hook of eminently practical information on 
the characteriatica and non ooromunicntlon applies 
lions of electron tub^ The text describes expen 
nients and presents results For students, radio 
engineers, commnnicatlons experts, and the serious 
general reader. 84.75 

PRISM AND LENS MAKING — By F. Twyman 
A wide variety of notes bated upon a long lifetime 
of practical optical shop work Not a full step by 
etep manual but n vaunble working aid to the ad 
vanced teleacope maker and othere In optical work 
While the text deals eataotibly with professional 
quantity production, much of it is basically ap 
plleable to singlo«pieeo work 84 60 

THE MODERN GAS TURBINE — By A. Tom 
Smwyar Fundamental treatment, yet comprehenske 
in scope, covering Industrial, marine, railroad, and 
turbo BUpercharger applications of the gas turbine 
Up to the<mloute data on jet propulsion are included 

84 10 


Best Ssllere 
In Science 


A PHAi riGAL 4 OUftSE IN HOROLOGY — By 
Harold C Kaiiy Definite, outright, praetlcal in 
•uuctiotts ou wetcb making, repairs and adjustment 

88.85 

SI IDE RULE SIMPLIFIED — By i O Harri$ 
How to use a slide rule without any of the mystifi 
taiiou that often aurrotinds this important tool of the 
engineer Lxcelient illustrations make everything 
I tear $8 60 iucluding a slide rale, for book alone 

82.60 

AN INTRODUCTION TO ELECTRONICS — By 
Ralph G Uudaon Clear and cnniise explanation 
of electrodioa and Ra modera applicationa Very 
little mathematics is used 85 10 

MACHINERY'S HANDBOOK — IllA Edition 

* Bible of the mechanical industry ** 1815 psges 

of Istest standards, data and information reouired 
dally in shop and drafting room 10 

ROCKETS, DYNAMATERS, JET MOTORS — 
By A L Murphy Quettioa and answer text designed 
to soquaint the uninitiated with rockets end all their 
variations Power plante are dlecuseed, as well as 
vehkles and craft to which they may be applied 

$8 60 

PLASTICS, PROBIEMS AND PROCESSES — By 
MoMpargor and Pappor The whole story of plas 
tics, including a resume of manufacturing processes 
snd a number of thorough going chapters devoted to 
plasties uaea 89 10 

THE FUNDAMENTALS OF CHEMISTRY — By 
Monroo M Ofjnor This text introduces the reader 
to elements, electroaa, acids, alkalis, and so ou, and 
then covers chemistry tod Its relationship to every 
day life 80 cenu 

ELECTRONIC PHYSICS — By Hector, Lain, and 
Sconton A simplified text for tboee who desire to 
acquire a sound basis for following tha advance of 
applied electronica 85 85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTBBTIC RESINS — By G F. D*AMio 
How to prepare many of the well known resms and 
plaatica in the laboratory Understanding of the 
text requires a knowledge of organic chemistry 

82 10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
<— By Donald U, Jaeoha* This new work starts 
out at the very beginning, u mainly non mathe 
matlcal, and la probably the best suited of all 
existing books os an Intr^uctlon to optical design 
Author is a physicist at Buraev of Standards 85.10 

WITH THE WATCHMAKER AT THE BENCH — 
By Donald DaCarla, Sfttplo, proctloal. straight 
forward instrvetions on tha repair of timepieces, 
with direct implicatimit to tho moottlaoturo and 
repair of deUealt instnimonte of all kinds 

88.10 

TRIGONOMETRY FOR HOME STUDY — By 
William L, Sahmrnf, PhJl^ Extoneivo and detailed, 
giving explanations oe Bia progreeses, together 
with numeroue practical applfcationa of trig, suoh as 
mackltto shop pnhlama, inrveying, navigation, and 
so on BO oonta 

ROCKET RESEARCH — By Canatmntln Paul 
Lont Partly historical, plus a chapter on thoory, 
plus descriptions of pracUool applications and hints 
to experimonton Many drawings givs specific de 
taile ai rocket and jet aotore 85.10 


bound to be contagious. Even our 
Office of Production Research and 
Development m Washington had 
more than twice as large a researejb 
fund at its disposal during the fiscal 
year of 1943-44 as was initially al- 
lotted by Parliament some 12 years 
earlier to the whole of England's 
national Department of Scientific* 
and Industrial Research Also dur- 
ing that same year 1943-44 the Office 
of Scientific Research and Develop- 
ment had a budget somethmg like 
12 times as large as O P R D 's, and 
I have no doubt that the funds di- 
rectly spent on research by the 
armed services were even larger 
A very large proportion of these 
vast expenditures bore more or less 
spectacularly useful fruit. This con- 
centrated national experience with 
research is sure to have an impor- 
tant mfiuence on post-war indus- 
trial thmkmg " 

CABIN-CAR 

Will Provide Privacy 

For Day-Nighf Travel 

85 -foot railway sleeping cai 
which will have 22 imusually com- 
modious private rooms, all on one 
level, designed to satisfy the need 
for individual day-and-night ac- 
commodations and provide every 
possible comfort at a nominal tariff, 
was recently announced by the Ed- 
ward G Budd Manufacturing Com- 
pany In this neys “Cabm-Car” the 
beds are to be six feet four inches 
long and 35 inches wide Beds will 
be loweied into place or returned 
to their daytime positions electri- 
cally by the flick of a switch The 
bed frames supporting the springs 
will be of lightweight magnesium, 
the mattresses of foam rubber When 
the bed is in night position, a case 
for valuables and a combination bed 
and night light will be convemently 
located 

In daytime a deep cushioned, wide, 
adjustable chair- type seat with 
curved head rest is provided. With 
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the club-type arms folded the seat 
is Wide enough for two A clothes 
closet, toilet, and stainless-steel 
wash basin are fitted into the aisle 
wall of each room. The top of the 
toilet, arranged as a second seat, is 
upholstered to match the chair. 

Heated or cool air, controlled by 
thermostats, for ventilation, is pro- 
vided through an overhead diffuser 
outlet, behmd which is concealed 
a semi-circular fluorescent tube, 
providing general indirect lifting. 
Secondary lights are also fluorescent 
Baggage space is large enough for a 
full sized suit-case A locker above 
the wash basin contains a water 
carafe, glass, and drinking cups An 
electric outl^ is provided for razors 
and curlmg irons. 

Sound deadening features have 
been employed throughout the car, 
which is of Budd standard stam^ess 
steel construction 

SCORCHED FIBERS 

Revivecf by Appikaiion o( 

Ultra-Violet Rays 

By bringing grandmother's bleach- 
ing techmque mdoors, engineers 
have developed a scorch-removing 
process which will make extra thou- 
sands of scarce white shirts available 
to men m the next year. 

Instead of summer sunshine, a 
large shirt manufacturer is now us- 
ing a standard electric simlamp to 
eliminate scorch marks. In effect, 
explains Eugene W. Beggs, West- 
inghouse vapor lamp specialist the 
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Test Kitchen of 
Armour and 
Company, Chi- 
cago, Illinois 





Cheek Your Portions* 

The tifiiplsft way to control food coctt Is to chock IndlvidiMl 
portions ovary day. Weigh thorn! Failure to follow this 
practice b the most common weakness in the food field. 
Oversised portions lack uniformity • . • worse stiU they 
are unprofitable* Remember one-half ounce over par portion 
b pennies today, dollars in a month, several hundred dollars 
in a year * . • profits melting away* EXACT WEIGHT 
Scales stop these losses • • • are sound equipment for profiteble 
operation. Eliminate a real LEAK in your business by writing 
for full information covering these types of scales. Do it 
today! 
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TNi EXAa WEICHT SCAU OMPAin 

$5 WMt FIffli Avti, esIvMbBs I, Okie 

Dept, Ad, 783 Yonge St., Toronto, Canada 


Reviviag Korched fibers with lenlomp 

long-wave ultra-violet rays gen- 
erated by the lamp admmister a 
water transfusion to parched fibers 
of shirts scorched slightly during 
ironing. 

Irradiating previously dampened 
singed areas, the ultra-violet pumps 
the moisture into the fib^, restor- 
ing the ahirts to their origlxud white- 
ness in ten minutes. The phenome- 
non Is the result of a photoche m i c al 
action, or the ability of visible and 


invisible light rays to cause a change 
in the chemical makeup of matter 
which absorbs those rays 

“Grandmother probably never 
heard of photochemistry or of ul- 
tra-violet rays,” says Mr. Beggs, 
**but she took advantage of them 
when she bleached her white cloth- 
ing and linens \mder the ultra- 
violet radiations of the summer 
sun That is why we adapted the 
sunlamp for the job.’’ 

The bleaching process was devel- 
oped primarily for commercial use 
but ev^tually the housewife and 
hand laundry may adopt a similar 
scorch«>removlng method. Ultra- 
violet aba may offer a valuable 


bleaching tool for the entire textile 
industry, Mr Beggs adds 

He estimates that the sunlamp 
process durmg the coming year 
would expedite shipments of more 
than 10,00(T shirts from one shirt 
plant alone 

The parched area in the shirt is 
dampened and the shirt is placed 
five inches distant from the lanm) 
which is three times more powerful 
in its bleaching and simtanning 
properties than natural sunhght 
After 10 minutes* exposure, the 
scorch is eliminated By using the 
sunlamp in this manner, results are 
quicker and better than Aose ob- 
tained under rays of a summer sun. 
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New Products 

*nd Processes 


SOLDERING STAND 

Features Adiusfable Hood 
And Fume Stack 

Embodying the flexibility required for 
soldering with iron, torch, or soldering 
pot, the hood and fume stack of a new 
soldering stand can be raised and low- 
ered to accommodate any of the three 
heating elements used in soldering. 

This SSll soldermg stand, developed 
by the Ess Specialty corporation, per- 



Three different types ef soldering 
con be occomplisbed in this stand 
becoiite of flexibility of its design 


mils interchangeable soldering, greater 
protection against injurious fumes, 
minimizes hand fatigue, eye stram, and 
so on, and increases soldermg produc- 
tion and efficiency. 

Soldermg with this stand allows 
maximum freedom for work passing 
and enables the operator to focus atten- 
tion on the soldered jomt by means of 
the plate-glass window (or magnifying 
glass) m the hood, thus quickening the 
soldering pace by elimination of lost 
motion. 

GAS PACKING 

Preserves Foods From 

Effects of Oxygen 

A PROCESS which may some day match 
the t>opularity of ^Vacuum packing’’ as 
a guarantee of* flavor freshness in 
canned foods such as coffee, nut meats, 
candy, and dcflsydrated products, is 
**gas pecking.** ^th processes have 
the same purpose— to prevent rancidity, 


of!-f!avor, and vitamin loss by elimi- 
nating oxygen from the containers m 
which the foods are packed 
According to R. V Wilson, director 
of customer research for Continental 
Can Company, gas packing has been in 
commercial use for a number of years, 
but has not enjoyed the publicity that 
made vacuum packing famous. Each 
process has certain advantages, but it is 
impossible to tell which is best for any 
particular product until specific lab- 
oratory tests have been made 
Whereas vacuum jj^cking is the 
process of drawmg air out of a can be- 
fore it is hermetically sealed, gas pack- 
ing works on the opposite principle of 
displacmg the air with an mert gas 
Actually the two processes are usually 
combined — the air is first exhausted, 
and the gas is then allowed to rush in 
and take its place. 

The gases used ar^ either carbon 
dioxide, the well-known "soda-pop** 
gas, or nitrogen, which makes up 78 
percent of the atmosphere Both gases 
are harmless, and do nothing but take 
up space 


“Oxygen has always been a trouble- 
maker in the preservation of certain 
foods,** Mr. Wilson says "Unquestion- 
ably, its greatest deleterious effect is 
upon flavor. Rancidity and staleness 
are caused by the oxidation of natural 
oils. This rate of oxidation is affected 
not only by the amount of oxygen 
available, but also by the moisture 
content of the product and the cataljrtic 
effect of light** However, when foods 
are vacuum or gas packed in hermeti- 
cally sealed containers, no oxidation 
can occur and the foods remain fresh 
as originally packed. 

He also pomts out that it is imma- 
terial whether a vacuum exists in the 
container or not so long as the amount 
of oxygen present is low enough to 
preserve the product Common prac- 
tice 18 to limit the amount of oxygen 
to 1 to 3 percent 

One of the advantages of gas packing, 
according to Mr Wilson, is that it per- 
mits packing any size container with 
an extremely low oxygen content Since 
the contamers are then sealed at at- 
mospheric pressure, there is also less 
likelihood of subsequent strain or air 
leakage 

ACID-PROOF WOOD 

Produced by 

Plastics Impregnation 

Structures exposed to rapid deterio- 
ration by contact with acid solutions 
or fumes can be made acid-resistant 
through use of a plastics-impregnated 


PTICAL 


MIRRORS 


and REFLKTORS 

FOR ELECTRONIC, OPTICAL 
AND SCIENTIFIC APPARATUS 

,We Specialize in the production of 
^ front or rear surface mirrors, mode to 
your specificotions. Closest optical and 
dimensional tolerances observed. 

Because of their proven superiority, 
ZENITH mirrors are preferred by mony 
leading monufocturers of precision 
equipment. 



EXCEPTIONAL REFlECTIVITr 
ALUMINUM, SILVER, SOLD, ttc. 
OPAQUE OR SEMI-TRANSPARENT i 
PERMANENT CHARACTERISTICS 
PROMPT SERVICE 


We invite your Inquiry, Semples and 
quotations will be submitted promptly. 


Zenith optical 

LABORATORY 

SPrCIALISTi IN Z 

W[-ST 64th STRE4:I 

VACUUM DCPOSniON 

NF.W YORK 74 N Y 
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wood Such acid-resisUnt wood has 
been found to be sound and finn after 
18 months service when imtreated 
wood under identical conditions lasted 
only two to three weeks 
Ihe plastics treatmg material, devel- 
oped by Koppers Company, Inc, is 
liquified by high temperature and the 
wood to be processed is immersed in 
the compound in sealed retorts The 
plastics is forced deeply into the wood 
fibers by high pressure at temperatures 
sufficiently high to hold the compound 
in the liquid state After an impregna- 
tion period of 10 to 20 hours, the com- 
pound sets-up as a plastics-solid dis- 
tributed in the cells of the wood as it is 
allowed to cool, to produce the mate- 
rial known as Asidbar The treatment 
mcrea&es the weight and hardness of 
wood, and gives it a black surface 
which need not be pamted, resistance 
to wear and abrasion, water and chemi- 
cals is considerably mcreased The 
properties of Asidbar make it suitable 
for many requirements of severe ser- 
vice conditions at temperatures up to 
180 degrees, Fahrenheit 
Wood thus treated is non-toxic and 
can be installed with ordinary wood- 
working tools 

PRINT MACHINE 

Uses Dry 

Developing Method 

Rapid and automatic reproduction of 
engineering and architectural draw- 
ings, printed matter, office forma, i^ieci- 
fication sheets, letters, advertising lay- 
outs, and a wide variety of other ma- 
terials, is possible with a new machme 
developed by the engmeering depart- 
ment of the Ozalid Division of the Gen- 



Higii-ipetd, versotile printmg unit 


oral Aniline and Film Corporation 
Known as the Printmaster, this machine 
will print and dry develop as much 
as 30 feet of material a i^mute, produc- 
ing positive prints, which have blue, 
blacl^ red, or sepia lines on a white 
background. These prints may be re- 
produced on paper, cloth, foil, or film. 

These materials are sensitized with 
azo dyes which react in the 


Versatility 

for Precision Toolroom Work 


The ease with which South Bend 
Toolroom Lathes can be changed from 
one set up to another for an almost 
unlimited variety of precision opera- 
tions IS one of the reasons for their 
popularity in the busy toolrooms of 
war rushed essential industries 

Convenient, well placed controls; easy 
reading graduated dials, and smooth operation 
save time and reduce operator fatigue to a 
minimum A wide range of spindle speeds per- 
mits machining various kinds of metals with 
maximum cutting tool efficiency Threads and 


power feeds for all requirements are 
instantly available through a full quick 
change gear mechanism A complete 
Ime of attachments and accessories sim- 
plifies tooling lathes for many special 
and unusual classes of toolroom work 
South Bend Toolroom Lathes and 
Engine Lathes are made in five sizes* 9*', 10\ 
IS*', 14J4', and 16'swing respecUvely Precision 
Turret Lathes are available in two sizes: Ser 
les 900 with 9' swing and collet capacity 
and Senes 1000 with 10' swing and 1' collet 
capacity Write today for catalog 





i 


COLLETS 

CoDeta for all bIcos and typrs of 
South Bend Lathes are now being 
shipped directly from utock AU 
siaes from 1/16* to \" diameter in 
•tepB of 1/64* are available 

Check your oollet re^uirementa 
today*>for toolroomi maintenance, 
and production work -- and order 
all you need Often the time saved 
by navina on hand the right sise 
collet for a single rush Job will 
more than compensate for the cost 
of a full set of these fln# collets 
Specify sue and serial number 
ox lathe 



BUY WAB BONDS •‘•SAVt BOB LATHSS 

SOUTH BEND LATHE WORKS 

m E. Moditon St. • Lallm Bu0dBr$ For 39 Yoort • South Bond 22, Ind, 


presence of ammonia vapor, which is 
the developing agent employed in the 
Prmtmaster They require no wash- 
ing, drying, or fixing, as is the case 
in blueprmt and the “wet’* processes 
In addition, this same machme can be 
used to produce photographic prints 
in a matter of seconds without the use 
of wet developing solutions 

LAMINATE PLASTICS 

Can Be Made in Any 

Color or Thickness 

Colorful and lightweight refrigera- 
tors, luggage, and furniture of any size, 
shape, or color you want, made from 
a new cellulose plastics lammate, is a 
post-war possibility, according to the 
Hercules Powder Company. 

Made like a sandwich, the cellulose 
laminates actually are tougher than 
steel of equal wei^t, lis^ter than alu- 
minum of equal thickness, and have 
unlimited color possibihties. 

To make the laminates, pieces of tex- 
tile, paper, or similar material are 


coated with ethyl cellulose or cellulose 
acetate, stacked, inserted between two 
highly coated stainless steel plates, and 
placed in a press Under heat and pres- 
sure, the plastics textile combination is 
welded into one sheet of laminate. 

The thickness of the finished laminate 
sheet, determined by the number of 
plastics- coated textile pieces stacked, 
varies according to the use for which 
the lammate is designed 

The inherent strength of the cellulose 
derivatives is greatly reinforced by this 
laminating techmque Some of the 
lammate samples cannot be broken on 
standard plastics impact strength test- 
ing equipment 

Industrial design artists will be able 
to let their imagmations nm rampant 
when thmking about new articles 
made from cellulose laminates, because 
color possibilities are endless For ex- 
ample, plaids, flowered designs, and 
prints can be imbedded in the laxnmate 
to create products of di ' «tixut 
beauty. 

The flat lammate she 
turned into end products V 


NOVEMBER 1945 * SCIENTIFIC AMERICAN 



Get the help of this new 
aid to Scientists 
-Pholocopying! 



New unit copIn anythingl 
RMords ImputMt 
Ml li aeciratt. 
ptrmaniit firia 



^Apeco 

PHOTOEXACT 


ro/u. I ('/’fo'Ju.,., ' 

AWFRICA S MOST WIOFLY UStO 


f-HOTOCOPY FOUIPMTNT 


APECO qvickfy 
mafctt copifi if. 

CHARTS. GRAPHS 
ORAWmOS 
RECORDS 
REPORTS 
PHOTOGRAPHS 
VALUABLE PAPERS 
CLIPPINGS 
LETTERS 
(over too otNrsI 


NTow, in your own offico, make eopiee of ony* 
ihxnq written, typed, printed, drawn or photo- 
graphed ^ven if on both eidee* Permanent, 
error-proof photocopier — at amaaingly low 
eoet’ APECO ihakee them at 1-a-minute 8p(u>d 
—eaves hours of drafting, typing, cheeking No 
darkroom or technical knowledge needed— 
even a boy or girl can easily operate APeCO 

$«kI for your froo copy 
of this hifoniMtivo boofcf 

...tulfa hew AliCO 
MelecepyAig con aerve yew 

20-page, fully illustrated book 
fives you the story of Photo- 
copying — shows ffraphtraiiy 
the “what** and “how'^ of this amaainiriy simple pro- 
cedure Yours without obligation Write, today 



AMERICAN PHOTOCOPY EQUIPMENT CO. 

2849 North Clark St Dept KHUS. Chicago 14, llliiMXt 
Representatives in pnnapal cities and Canada 


Electrie HwUng ElemanU Now You Can RtfUdr Thcsi 

USI NiCHROCin FASTI 

simply overlap eads.apply 
mslureelte Paste and turn 

rSidiSf 

Armetronf Blectrie Mfg. Cn, 

Bon 841-SA, Miiuieopolieu Mlnm 




JCImailb f Amazing Opportunities 

NOW OPIM In These 
PRACTICAL Money-MeJcIng TredesI 


watch and clock repairing 


LeanrAt Hoorn o hi Your Sparetlmt 

Propare for a happy future of pro«- 
perfty. neearity and get a hig-pay 
}^n 6W Fascinating* b$h-grad6 
oeenpation You can GAAN WfllLE 
YOtJLBARN An excellent Arid for 
part-time work at home 



COMPUTE COURSE hi HOROLOGY 

|P| A THOROUGH nrif-instniction 
training in American and Swlan 
watches, olocka Special sections 
^ I on alarm riook repalte A now, 
practical LEARN - BY- DOING 
instnietton method You Learn 
OliICKLY. easily No orevioua 




locksmithing and key making 



man, homa-owner, earpenj^, 

‘ ‘ -sta^operatoiNai^ 

dta)fr,gaiwnitli.^ 

sss/msg^ss^ 

ootaedorasenayback Writenowl 

■■■•PrRR D«telf$— Afoll CuRRRfi Todmyh^m 
IIClJMMOO.,DoptlUI»S21SWahMh,Cliieago4wllL I 

* ‘ ■ obligatioa— filoa- I 

D Watch and Clock Repairing 


□ Locksmithing and VLop Mridng 


If Am. 




m 


sivc equipment. Operations such as 
drilling, punching, and rivetmg usually 
are utmecessary because the plastics 
m the laminate sheets forms its own 
adhesive, or a solvent«-seallng process 
can be used 

PUNCH PRESS 

Adaptable to Many 

Different Jobs 

An open-facb pimch press, stUted to a 
wide range of snudi punch press op- 
erations, does work fast and accurately 
in stamping, perforatmg, blanking, 
punching, piercing, light drawing, 
forming and assembly jobs, crimping, 
die work, and many similar operations 
Unskilled workmen can quickly learn 
its operation and turn out precision 
work withm exceedingly close toler- 



V-bs(t drive, open foce press 

ances. The press is said to work equally 
well on metal, cloth, rubber, wood, 
sjmthetics, and plastics. The body is 
heavily reinforced and the slides are 
designed for maximum wear. Pilot bars 
are solid groimd alloy steel Automatic 
wick-oilers provide guide-rod lubri- 
cation The shaft is a hammered steel 
forging The clutch is positive and 
made of heat-treated alloy steel The 
flywheel is solid meta)^ grooved for V- 
belt drlve^ and balanced for smooth 
operation and maximum power 

IMPACT WRENCH 

Eliminates Thread 

Stretching and Burning 

Delivsrxno ample power for stall- 
proof operation, a ^ hich capacity 
pneumatic impact wrench with straight- 
type grip and lover control is par- 
ti^arly suited to assembly-line Jobs 
of nut-setting and screw-driving 
Through its torque control mechanism, 
stretching or *1yuming^’ of threads is 
eliminate Control is obtained primar- 
ily through the construction of a roller 
clutch impacting mechanism which 
consists of only four major parts— 
anvil, hammer, and two cylindrical 
steel roUere, When in operation, Cen- 
trifugal force throws me two steel 
rollers out against the hammer where 
they are caught in shear between the 
hemaet and anvil members, This 
transfers tbe full torque through to 
the work in ths fbnn; of a pud^ 
pact When the selected torque is 



Air-operetsd outometk wrench 


reached, the rollers rebound from the 
anvil face and do not allow the ham- 
mer to engage for impact This method 
of impacting prevents any stretching 
of the threads on either the stud or 
bolt and guarantees maximum torque 
The simplicity of design of the roller 
clutch impacting mechanism insures 
long life and ease of maintenance The 
motor Itself is of rugged construction, 
governor controlled, employing a six- 
bladed rotor mounted on precision ball 
bearmgs and is housed in an aluminum 
case The complete tool made by the 
Aro Blquipment Corporation, has been 
design^ for perfect balance and easy 
handling 

APRONS 

Have Strong Neck 

And Waist Tapes 

Lightweight and acid, alkali, and oil 
resistant, a new apron is made from 
fabric coated on one side with a black 
vinyl resin, for use in the cannmg and 
other industries. Announced by The 
B F Goodrich Company, all edges of 
the apron are hemmed and the neck 
and waist tapes are in one piece, sewed 
mto the hem of the arm cut-out, giv- 
ing the apron strength and rigidity as 
well as a good drape. 

LATHE PILE 

Has Easy 

Replacement Feature 

Devxlopbcsnt of a new lathe file 
which retains the advantages of previ- 
ous models in that it will cut steels no 
ordmary file can cut, at speeds three 
to ten times faster than steel files, and 
with a life of from 50 to 200 times as 
long, has just been announced by Ken- 
nametal, Inc, It also provides a longer 
filing s^ace, quids and easy blade 
replacement, and greater handl^ con- 
venience. 

In this new design, the blanks have 
brazed-on nuts, as shown in the insets 
on the illustration, and are attached to 
the light-weight aluminum alloy han- 
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dl* by screws* They em therefore be 
reecHly replaced when worn foom long 
ferHee^^TM Itendle grip ia ahaped to 
dt the hand, and haa a ^umb rest and 
knuckle guard. An extension beyond 
the filing surface supplies a conve^ent 
finger hold 

SELF-LOCKING PINS 

Used to Replace 

More Expensive Fastenings 

Standard and special self-anchoring. 
vibration-proof pins, designed to re- 
place more expensive taper pins, keys, 
cotter pins, set-screws, rivets, and so 
on, are pressed or driven into standard 
drilled holes. These pins have four 
flutes on the surface parallel to the 
axis, the length and position of which 
can be controlled accurately, so that 
fully or partially grooved pins are 
available. Fully grooved pins have a 
pilot at one end so that the pm can be 
easily inserted. 

The raised, work-hardened edges of 
these flutes provide an expanded di- 
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Pint lock themselves when drivea 

ameter of a few (specified) thou- 
sandths greater than the nommal 
diameter of the pm. When the pm is 
inserted in a drilled hole, these raised 
edges are compressed inwardly, pro- 
vidmg a resilient self-lockmg element 
which, it is claimed, will hold in- 
definitely under vibration or shock 
conditions Manufactured by the Driv- 
Lok Pin Company, they are available m 
sizes from 3/64 inch to % inch di- 
ameter, and from 3/16 mch to 4^ 
mches m length, in any material, and 
in a wide variety of types 

DIESEL FUEL 

Improved by Use 
Of Additive 

Especially prepared as an additive 
to Diesel fuel oils (four oimces to each 
10 gallons of regular Diesel fuel oil) , a 
new concentrate prevents corroding 
and sticking of mjector nozzles and at 
the same time gives top-cylinder lubri- 
cation where ordinary oil fails, thus 
preventing the formation of hard car- 
bon and sticking rmgs. 

Gibraltar Diesel Fuel Oil Concen- 




Hoi Cathode 
c«nf Lamp Baltawt (£nd 
of Bohom Lmadt). 


For Modern 

Lighting and Electronic Applications 

Although specialists in the design and quan- 
tity production of transformers for a quarter 
century, the demands of the past few years 
have brought about many developments The 
requirements for military and essential in- 
dustry purposes have multiplied many-fold 
with further emphasis on exactness and uni- 
formity 

Transformer specialists before the War- 
great strides have been made in anticipating 
and meeting requirements of greatly varied 
character that have multiplied many-fold for 
military and essential industrial purposes. 

Reports from all over the world emphasize 
the reliability of Jefferson Electric Transform- 
ers Wherever used — on land, sea or in the 
air— in the frozen North, or hot, dry or humid 
tropics, the value of “quality** is being dem- 
onstrated daily 

Now IS a good time to study your transformer re- 
quirements and let Jefferson engineers make recom- 
mendations that will save your time later 

As a first step send for a copy 
of new Booklet 45-V It is yours 
for the asking. 



Tho Mo$t WMy 
U$od Lvnunous Tubo (Noon) Tranghrmor 
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45-V 


JEFFERSON ElECTRIC COMPANY • 916-25th Ave., BEllWOOD, lUINOIS 
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Oughttoberead 
by scientist and 
non-scientist 
alike” 

—The Scitnltfic Monthly 

"A series of lively per- 
sonal sketches, and a useful, 
rapid picture of what is going on 
an such fields as general physics, 
genetics, astronomy and atomic re- 
search —The New Republic 

"Mr. Joffe gives US more than 
a series of penetrating biographies 
We have not only pictures of ex- 
ceptional scientists in action, but a 
history of science in biographical 
form Though the men selected 
were not aware of their social im- 
portance, they influenced society 
profoundly This social note vi- 
orates through the book, and stands 
as an example of the way biog- 
raphies should be written 

-Book-of •the -Month Club News 

"A pionoor in on Important 
fiold. Mr Jaffe has succeeded in 
stating an outline of American 
science and in descTibing its con- 
tinuities and interrelationships, 
and IS, so far as I know, the first 
historian who has ever done so 
He has written a book which has 
long been needed." 

-New York Herald Tribune 

Professor George Sarton of 
Harvard has written the fore- 
word. The book contains 600 
pages, a8 plates, and 25 text 
diagrams. Third printing 

Price $3.75 

SIMON m WroSTElp PiUiston 


irate is claimed to give instant over- 
head lubrication where the ordinary 
oil system does not readi. It penetrates 
the pores of the metal and, In addition 
to giving proper lubrication, prevents 
hard carbon from adhering to the 
metal surface Any carbon which Is 
formed will be soft, and because the 
metal pores are impregnated with oil 
capable of withstanding high tempera- 
tures, the carbon will be expelled from 
the engine through the ports. 

MARKING POT 

Is Economical of 

Stencil Ink 

Constructed with two rotating wooden 
roUers which convey the liquid mark- 
ing ink from the bottom of the closed 
metal contamer to the top roller and 
then to the stencil brush, a new mark- 
ing pot IS economical of ink All the 
ink in the pot is used and, because 
there are two rollers which automati- 


GET THIS BOOK 



HO'" 


Oftl/ book of it$ 
Idna ever publithc^ 
Yours ubsolucsly 
free! Ornuiat spe- 
cific and easy to 
underscand inscruc- 
uons on the proper 
way CO ejctfiisuish 
motor vehicle fires* 
Includes 1 CC safety 
regulations. Get your 
copy today! No cost 
or obligation! Write 
the General Detroit 
Corp , Dept. IX-E, 
2270 £. Jefferson. 
Detroit 7 


Rollers convey marking ink 

cally stir the ink to prevent settling, 
there is no pigment accumulation on 
the bottom and no thickening of the 
residue of ink left in the pot 
Ink capacity is 12 ounces The cover 
has the two roller assembly attached 
to It This is easily removable for fill- 
mg and cleaning 

GLOVES 

Protect Hands of 
Industrial Workers 

High temperatures and humidity 
greatly increase susceptibility to mdus- 
trial dermatitis and call for the con- 
stant wearing of protective clothing 
To protect the hands from irritatmg 
solvents, Resistoflex Corporation has 
developed a transparent glove made of 
compar, a vinyl resm derivative 
These gloves give i>rotection 


Bargains 

Shot gun nipples, 4 tor |1M 

Flints, assorted. 10 for . LN 

Beglo buttons, old style, 0 for tS 

Cartridge belt, oal 30 double row M 

Xicather belt, black, bar bucicle 71 

Watering bridle, bit and reins, black IM 

Xrag rear sight Model '03 1 M 

Prloee do NOT Include postage 1945 catalog 305 
pages mailed for one dollar Circular for 3# stamp 
FRANCIS BANNEBMAN SONS. 501 Broadway, N T ix 


When yon write to 
advertisers 

• The Editor will appreciate 
it if you will mention that 

SCIEIVTIFIC 
It in AMERICAN 


FREE 


■ vm aisTaTii 

35,000 books of ail pub- liH ^ A ^ J k r J 

Ushors Uatod la our 51st ■asBdnsodBaaadMMg 

Annual Bargain Catalog of 330 pagos Old-tlBM tavorttee 
— laiisi 'besisoUttra.*' Beferoneo, notion. Juvenllo HU- 
tm, SoSoatUlo. ato. Supplying sehoola. eoUo^ Ubrarlss 
and thousands of individual customers Send ppsleard 
today tor oar aow IMS oatalog, **Bargalna la Books.** 

THE BOOK SUPPLY CO., Dept. 192 

564.366 Wmi Monto. St , Cbicmfo 6, IllinM. 


IXPERIMCNTERS 

Assortment of almost 400 valuable new springs 
75 different kinds, numerous slses. containing 
torsion expansion, compression, and some flat 
types. 10,000 uses, |2 00 Useful for all experi- 
ments. models, repairs Deluxe assortment, 13 00 
Jumbo assortment, $5 00 Utility assortment 
|l 00 Postpaid Batlsf action guaranteed 

TECHNICO 

P O Box 246-C, West Hortford, Conn 


15,000 1077 

FORMULAS PAGES 

HOPKINS* 
**CYCLOPEDIA 
OF FORMULAS*’ 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily. 

$5.50 postpaid (Domestic) 

Orior FroM 

SCIRNTiriC AMERICAN 
24 West 40tk Street New York 18, 
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b«c«uM ikin muiatem are prevented 
from coming in contact with fuels, oils, 
paints, lacqum^ thinners, dry cleaning 
fluida, degreasing solvents, sulfur-base 
cutting oils, and so on. Impervious to 
all organic fluids and many that are 
inorganic, the gloves are hi^y abra* 
sion-and-tear resistant. In a wide va- 
riety of plants where varsol is used 
for degreasing metal parts or where 
kerosine is employed m the Magna- 
flux inspection process, compar gloves 
are used to protect the skin 

MAeNIPYING LENSES 

Now Built Into 

Fluorescent Fixtures 

ADAPTION of “Super Sight” mag- 
nifymg umts to fluorescent lighting 
has been announced by the Safety Di- 
vision of The Boyer-Campbell Com- 
pany The combination is mounted on 
a balanced bracket that can be Ir- 
stantly placed in any position 

Where the units are used contmu- 
ously— m engineering for reading the 
slide rule, making detailed layouts, 



Close-sp shows Ions ond tomps 


checking prints, and so on, in the shop, 
for work over a surface plate, at the 
bcmch, for readmg verniers and micro- 
meters, for inspection, m checkmg 
hardness cracks and similar work — the 
cool fluorescent lighting adds substan- 
tially to the comfort of the operator 

FLUORESCENT HOUSING 

Made of Transparent Plastics 
To Protect Glass Tubing 

Another practical use of “Lucite” 
methyl me^crylate resm, which al- 
ready has revealed a number of other 
possibilities for the plastics m the 
fluorescent lighting field, is a cylindri- 
cal transparent housing used with 
portable industrial lightmg equipment. 

According to lightmg manufacturers, 
the light-weight plastics houspig* which 
is machined from tubes of the clear 
plastics, provides good light transmis- 
sion, is practically unbreakable under 
normal working conditions, and is 
water and vapor tight—an important 


Visible Record(°"J!l!? 



25 Card-M^Atf Sh«w PACTS on. 500 Car<b 

Use Cards only. Jc 


laay 

Quiok 

Flosiblo 

Durablo 

Portable 

Compact 

Low Ooet 


only. Jom together, file sheets 
of Cards on edge in correspondence folders 
— Half inch visible margin Send order. 
500 Blank Cards 6x4 inch $3 45—10x4 $5 30 
600 Printed Cards 6x4 inch $6 70 — lbx4 $8 50 
Use Visible Indexing, Color Signahng, Visible 
Tabulation of vital information Ten years 


Cost 


Convoniont national use 
Saws Time Guaranb 


Sheafs of Cords 



Stock 

Ruled 

Credit 

Ponrroii 

Purehose 

Prospects 


VISIBLE CARD 


Send no money Satisfaction 

Write for Catalog 

Rptt'Btild Goi, 3M N. TMtb 
RECORDS ST. LOUIS 


MAGIC ELECTRIC WELDER 

110 volt AC-DC welds brazes solders, cuts 
all metals easy to use full directions Com- 
plete with power tmit flame end metallic arc 
attachments carbons fluxes rods mask Used 
by the Navy For professional or hobbyist 
Only $19 95 

MAGIC WELDER MFG CO 

239 Canal St Dint PA 11 Niw York City 


PIKE 

POCKET 

mCROSGOPE 

Equipped with fully 
Achromatic lens sys- 
tem 40X SOX 60X in 
some tube. Price 
$15 00 in leather case. 

E. W. PIKE & CO.. 

Elizobath 3, N J 
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WANTED 

Financial mk! for patonting and developing my 
new idea for a flash steam boUax 

ERNEST TANQE 

B.X 4*3 R.F D 1 

NORTHVIILE NEW YORK 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

IS now in use by most 
of the Police Departments in the 
United States. It u alto the system 
which applicants for many Civil 
Service positions must master before 
they can succeMfuUy fill all require* 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

“THE FINGER PRINT 
INSTRUCTOR” 

In this 182-pege book, written by e 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

^,25 postpaid 

Ortltr frsm SCIENTIFIO AMKRI6AN 
24 WHt loth Straet, Ntw Ysrk 18, N. Y. 


With DI-ACRO 
BENDERS.... 

The DI ACRO Bender makes perfectly 
centered eyes from rod or strip stock at 
high hourly oroduction rates 
eye ana centering bend 
are formed with one opera 
tion Any size eye may be 
formed within capacity of 
bender and ductile limits of 
material 

DX-ACRO Precision Bending is 
accurate to OOi* for duplicated 
parts DZ-ACRO Betaders bend 
angle, channel, rod, tubing, wire 
moulding, strip stock. etc 
Machines are easily adjustable 
for simple, compound and re- 
verse bends of varying radii 


. "MR.ACK40- 


nmeo 



CEHHRED 



Send for Catalog 

•Dig -LESS” DUPLI- 
OATINa showing many 
‘ inds of ••die-less" 
uplfcating produced 
with DI-ACRO Bend- 
ers, Brakes and Shears 

347 f lOHTH AVI., SO , 
MINNEAPOLIS IS, MINN 
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DIO opportunities an4 jobs 

^ waiting for those who speak 
Spanish Millions of doMars be- 
tng invested In Mexico, Central 
and South America. JSa/ar 
faer 


seekd, bitsCaeee, Irevel mnd 
rmadUtg pfeemre*. CORTINA 
Method Jmmoms for ever ^ 
jeers, teaches you to seeek like & 
m nmiivm Leam quickly, easily ^ 
at home **by listenli^* to Cor* 

Hnmphonm rotorda. Thousands have, why not yout 
No risk under our FIva-Day Approval offer* 
FRENCH, GERMAN, ITAUAN also taught by tkU 
eaiesliM metAod. Send for Free Book, ‘*The Cor- 
tina 8bort^Cut'*'-Hrtate language interested in. 

CORTINA ACADEMY-EhtohKsMin 1882 

Dept. Agit 205 WmI 40tk Stf New York 18, N. Y. 




AOMROMATIO TELEtOOPE 
OBJEOTIVES 

•uUf fo ye 

dde Itaid C oa t ed 

Csawa and flint Fredslon a n nealed Optical 

focal Length fries 

20 Inch $15 00 

45 40 00 

60 " 100 00 

75 '' 200 00 

^ - fO « ^ 40000 

We can ssenufsetuffe any else objective 
e^ focal length to your order. 

All local lengths subjoet to plus and minus 
trlsranfts of 2V9*^. 

MMCriNO iWiCOfl MlimOftS CQR. 
ttCTlY flOUftlDt CHROMC ALUMINIZiD 
Mode freni fyrex Manksj 
Mamotw focal length 

4Ui Inth 32 Ino! 

6 43 " 

I « ^ u 

10 10 

12Vk " 36 

Above ohlacilve leswes end mirrors guar* 
eirtoad Co b# built to yoar sadsfoedon or 
wo will 


Price 
$1500 
4000 
70 00 
100 00 
200X10 
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INVENTORS 


BilVISIlETIliETO 
PATENT YBtlilfIVEIITm 
Mauinfacttimt tveryUrhitg 
ere bi^rlnf pttent rMte 
aow, eo th^ win Seva 
new items to make end 
sen for eivtiieti oonsump* 
tiott es soon es tbe wer 
is over. You should look 
eheed to the future, tea 
Protect your Invention 
end yourself by ipplyf 
lor e petent now. 

ERME^IDITCOIDE'* 

Our free 48 pega '*Pei 
whet dcteils ere 8ee„.^, 
for g fMtent; end oountlcss 
you win went to knows, ^ 
for Free **Petent Guide'* , 
of Inventipn”’ fowl tndey. 



tent Guide** tells 
lesdsry to em^ 
Btless other acts 


ClAWfcNCt A OBRIEN 
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61-1. 


mnswvw wwKmtn Atiovnira 

Bldg.* Washington 4, D. C. 


Pl^ tend yw 43 -Pm ''Patent Guide** I 
YOur *^Reoord of Inviwtion** fonn • 
PBBE. This request dose noY sbUgete me, | 


^aam .* i 

Addrsse.**^ a s 


advantnge ov«t wilt guardg ODomon* 

Ip tied with thif 9I 

nMmt 

llie complett utiiiSt which 

are eiptcially design^ to bring U- 
luminntioii to remote, out-of-the-way 
places, are available in 6, 8, X5, and 30 
watt aizeg. They have beim fou^ prac- 
tical for inspecting large gun barrels 
as well as the interiors of tanks and 
planes, and are being used by repair 
men in the plumbing and electxical 
fields and In underwater salvage op- 
erations. 

CONVEYOR DRIVE 

Can Motonze Existing 

Conveyor Equipment 

To msT the demand for an efficient 
power unit lor motorizing conve 3 ring 
equipment a self-contained assembled 
unit has been developed, built solidly 
in an Iron frame, ready to be quickly 



Drive naif end motorized conveyor 

and securely bolted to the diassis of any 
piece of conveying equipment that 
needs to be mechanically operated 
The Island Equipment Corporation's 
**Power Pac’* unit consists of motor, 
driving rolls, switch speed reducers 
(where wanted) , controls, correct gears, 
and all necessary mechanism to enable 
the user to make the proper connec- 
tions to their equipment. 

With this umt, an ordinary gravity 
conveyor can be motorized, allowing it 
to carry up grade where needed 

DIE CHANGING 

Made Easy With 
Special Trucks 

Dies weighing 10 to 20 tons or more, 
as used by builders of heavy industrial 
equipment, require frequent removal 
and replacing on presses. These large, 
cumbersome loads are now handled 
quickly, safely, and economically with 
a modem die-handling truck. 

Hie illustration shows such a truck 
in operation in an airplane plant. In this 
method of liandling dies, the driver 
pulls up to tile press bed and elevates 
the platform to the height of the bed. 
He ^en reels off wire cable, on both 
sides of the truck, passes eadi len^tth 
through a pulley on the end ol tiie 
platform, and hooka it to the ite side 
ol the die. When the oaUe Is wound 
on the drum the Ai slides off the truck 
on to the preei. In rsmoving the dte 




lt*i the first small portable tool and today’s 
finest for work on metals, alloys, piasto, 
wood, horn, bone, glass. 

Smooth, steady power et your fingertips. 
The Hendee ts perfectly belenoed, weighs 
only 12 ounces, fits your hand comfortably 
— It’s the **non-£etigutng** took 

Hendee’s usefulness Is es extensive es 
the number of quick end eesy-to-chengc 
eccessoriet you own. Choose from more 
then 300 in the Chicago line. Operates oti 
AC or DC current et 25,000 r.posi. 

Order today. Sedsf action guaranteed 
Postpaid with 7 accessories, ^18*50. 

NisaM Ktt ~ HsiidM Tool sad foity*fivt pne 
ttcal, moat pmulsr accetsorist, all la atroast 
eoaipact cata. Postpaid, #25 00 

FREE Ask for aaw 64-pasa catalos 

CHNAQO WHEEL A MFO. 80. 

1101 W, Meaiao $», Dw»t $A Chtsofo 7, III 


PORRO PRISMS 

s IS/IS* Oval Face SCsaufacturad hr vond- 
lamoua opticians for Army A Navy 8 x SO binocu- 
lars ftcjeotsd for aUfhUy ehlppsd sdgss 
Outstanduf Barsaint 

30S aa. 4 for fl 00 postpaid 

^ ^ order 


No 0 O D — RamH with 
HAMtYROSS 

StStntif 


MsaffSo and Mcraton Atma\ 

70 w9 Sreedwey# N. Y 7, N Y 


atua 



Will YIEIH HtT CtlETIWt IEYUES| 


VEEDER-ROOT INC. 


EXPANDING SAFETY LEATHER 
WATCH 
BRACELET 
New invention! 

Fit* 



JtiscabU plat. Mada 
froai tka Saast Gaa* 
alaa Laatkar. No etbar 
Watch Strap at aay 
pries has ttiasa Psf- 


UUB EY THE U. le NAVY 


PITY WATCH ITRAF COMPANY, 

22, 1f44-ttt Avs., N. Y 2f, N. Y, 

Rusk ( ) Watch Bracalacsf soad prkas for 

daslars { ) . 

( ) 1 will pay postasaa #1.00 C O.D. charsas 

aad nnstssai 

( ) I aaclosa #24)0. Saad watch kracaiat 

posppfdd aad msarad. Bggttlsfd la stfas 
witkia 2 ladMs. For p srf a et It stark sisa of 
wristi SaiaU ( ) Msdkmi ( ) Lorpa ( ) 

XssLi***’ • . • • r 
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JUST fWIMHBDt 

eohmereiY newi 

The Chemical 
Formulary 

Vol VII 

Hi Editor-in-Ohiif 

474 pag 0 $ $6.10 postpaid 

Voltfmf Vfl of THE CHEMICAL 
FORMULARY includos thousonds of 
fho best ond most practical formulas, 
compiled by outhorities ond experts in 
eocb field of industry 
it IS on entirely new book, complete in 
every detail Not one formulo contained 
in the previous six volumes is repeoted 
in tha book. 

Velumo VII will be of special assist 
once to returning war veterons wish- 
ing to start small specialty busi- 
nesses. The formulas for cosmetics. 

f iharmoceuticols, polishes, cleaners, 
ubriconts, odheiives, inks, foods, 
and scores of other products are 
particularly suitable for such ven 
tures 

CONTENTS Adhesiyee: PUrors end sever- 
eeee, Oocmetlo end DrUf Products Emul- 
sions, and Colloids. Pacm and Garden Bps- 
olalUee. Food produott. Inks end ICarlElne 
Substances, Skins » Leather and Fur. Lubri- 
cants and Oils Materials of « Construction, 
Metals and Alloys, Faint. Vamlsh, Lacquer, 
and other Coatlnfs. Pspcr Photography, 
PoUabes, Pyrotoehnlos and Explosives. Plas- 
tios, Resins. Rubber, Wai^ Soaps and Olean- 
ere, TextUee and Fibers. Trade Name Cheml- 
oals, Where to Buy Cbemloale and Supplies 

Ordir frra Seluntlfio Arnsrioan 

24 West 40Hi Street New YeHc It, N Y 


Owners of 

‘‘AMATEUR TELESCOPE MAKINO’* 

who have been bitten deeply by the 
hobby bug of glass pushing will hnd 
a competent guide to advanced mirror 
technique, fiat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby m the Lompamon 
volume 

“AMATEUR TELESCOPE 
MAKINC-ADVAHCED" 

This is a wholly different book 
from **Amatear Telescope Making*’* 

C)50 pages 359 illustrations 

Over SOOjOOO words 

$5.00 postpaid, domestic 
$5*35 foreign 

SCaENTlFIC AMERICAN 

24 West 40th St., New York 18, N.Y* 



Moving a bsovy prsss dis 

from the press the cable hooks are at- 
tached to the far side of the die and it 
tt pulled forward from the press onto 
the platform Onp man only, the driver 
if necessary, can change dies, once 
the die is unbolted from the press. 

This method of handling is finding 
extensive application in forging depart- 
ments doing a wide range of work, be- 
cause of the ease and safety of the op- 
eration The Elwell-Parker truck con- 
serves manpower and avoids tying up 
expensive presses while changing dies 
manually 

LOUPE 

Has Light and Comfortablo 

Frame of Plastics 

UsEPtTL m occupations mvolving eye- 
tiring close work, a new Berger loupe 
has a light-weight plastics frame whi^ 
18 held securely and comfortably be- 
fore the eyes by an adjustable elastic 
headband 

Also adjustable for different facial 
contours and widths between eyes, the 
loupe is well-ventilated and will fit any 
type of face It can be worn over 
glasses comfortably, thus providing 
for both magnification and eye correc- 
tion Precision-ground glass lenses give 
a magnification of 21ix. 

The American Optical Compansr’s 
new loupe has innumerable applica- 
tions in different fields where magnifi- 
cation is desired, with free use of the 



Eye coeilerl for cIom work 




.WiUi 

OAMIF 

HOI/E/liOE 


4 0UNCEAINICOV 



ALSO AN 8 OUNCE HORSESHOE 
$1.40 POSTPAIOT 



>A* MAONtI 
I. 4" X « W" 

o hel. bor.* H. MnNr 

• 

locludo Romittoaco with your order 
Send $l^p for ierertpthe crrcutm 


HARRY ROSS 

MicRoieons 

KlINTinC I MBORATOty ArfAMlUt 
(*.70 Wm» BrawliMy 
Nw Vorit 7, N r. 


BUY VICTORY BONDS 



(9 X 44)2 x741x3S^(24Sx 009) x I 
r:: 12)44^- 

WImK about tb« docimal point? Plaeo k ^ckly 
and accuracaly with dio DockaalUir, Pockat 
ma. In laathtr caaa, |2 90 1 with axtra (mul- 
tiplWag and dividing) acalo* Mon«y-baclt 
guaraniaa 

GEORGE H. MORSE 
927 28lh Sr. South AHIngtoii, Vo 
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TMI BINARY SUDI RUU 

equAla » 20 Inch 

Btralfht Slid* Eul* in 
preoUlon Hm O, 01, 
A. K, Lot, LLl. LL2. 
U.3, LL4, Bln«r^ Add 
»nd Subtraet SoalM 

f llvai Trif Funotioni 
rom 0 to 90 dofrett 
and reads to I Minute 
The Engine • divided 
Scales are on white 
enameled metal Per- 
manently accurate Dia 
Large figures and 
giiduatlons eliminate 
eyestrain Exceptional vsJue and utility Price 
with Case and Instructions $6 SO Circulars free 
Tour money back if you are not entirely satisfied 

Qilton Slid! Rsit Co., Stuart, Fla. 

SHd€ Rule Maker i since 191 S 



ATOMIC KNKROY 


explains nature of 
rOMlC Energy 


••A NEW PIELD THEORY' , 

Gravitation, Electricity and ATOl . 

mentary |1 00, or write J P Kayne, B-517 8hel« 
drake 4819 Clarendon. Chicago 40. Ill 

i;=INVENT4»Ri^ 

HTnOUBTET needs tour ideas NOWl]”” 

Two ReaeoBs* 1 Manufacturers are getting 
ready NOW for postwar sales and production 
9 Right now, manufacturers are seeking 
products their expanded facilities can handle 
xactorlee must have products to take up the 
slack after war orders stop Tour chance 
comes with patent protection now <lelay majf 
endanger your chance Get our NEW FREE 
Inventor's Book today and valuable "Inven- 
tion Record" form This request does not 
obligate you Act note Write todaji 
McMORROW A BERMAN 
Patent Attornevi 

1759 Atlantic Building Washington 4, D C 


EQUATORIAL MOUNTINGS 

with or without electric drive for professional 
or amateur use 

RAMSDEN EYEPIECES 

’A", ’A”, I” f<K>l l«n(th, ly," 4u Mch fj 00 

c. c. 

25 Richard Rood 


YOUNq 

lost Harm 


^rd 8, Conn 



Free Fall 
Gotolog 

Just Off tlii Prats 

Showing Hunting 
Footwear, Clothing, 
and forty-three 
other leather ond 
canvas specialties 
of our own manu- 
facture for campers 
and hunters 
L L Bean, Inc 
Freeport 286, Me. 



LANGUAGE 
IS POWER 

...Forga ohMcl win 
tpeclal assignments, 
promotion, better job 
in global peace time 
opportunities through 
ability to speak a for- 
eign language* 
MASTCR A NIW LANAUAOlK 
quickly, qacfly, cunccUy by 

LINGUAPHONE 

The world famous LInguaphone Conversa- 
tional Method brings voices of notive teoch- 
ers INTO YOUS OWN HOME, You team the 
new language by LISTENINO, It's anrax- 
tngly simple; thousands hovo guccoeded. 

Send for FSfE book- 

UNGUAPHONE INSTITIITE 

no RCA Bldg., Nt^orii 20 ClrcW 7-0020 


phone I 

no RCA %dg , New York 20 N Y 
Sond mo the FREE LInguaphone look. 


City 


t 

Address 

longugge Interested 


liands. For example, inspectors, die 
makers, draftsmen, denfal and labora-* 
tory technicians, doctors, stamp col- 
lectors, and artists represent a few of 
the many occupations and professions 
where the loupe will conserve eyesight 
and improve efficiency. • 

VERSATILB ALARM 

mi Serve at All- 

Around Time Control 

An ELECTRIC alarm clock which will 
awaken the soundest sleeper to the 
strains of radio music, turn the radio 
on for selected programs throughout 
the day or night, and automatically 
switch the set off upon retiring, heads 
the list of post-war products developed 
by Warren Telechron Company 

Besides automatically tummg on the 
radio, the ^‘Selector” can be used for 
starting a coffee percolator at a given 



ApplioncG timer, 1650-wott copocity 


time, switching household lights on and 
off, timmg roasting operations, and de- 
frosting refrigerators Due to its switch 
mechanism, which is rated up to 1650 
watts, It will time and control any 
household appliance or similar device 
that can be plugged into a conventional 
outlet 

ANTI-FOG 

Preparation Keeps 

Glass Clear 

OoGGXJE lenses, face shields, and weld- 
ing plates are kepb clear by a prepara- 
tion which penetrates the ultramicro- 
scopic pores of glass. It deposits a thin 
film which helps prevent fogging, 
steaming, and frosting of all types of 
glass surfaces In addition, it removes 
grease and dirt from glass, and allows 
perfect visibility 

The American Optical Compan 3 r ’8 
preparation is easily applied by simply 
spreading it on bo^ surfaces of glass, 
rubbing the surfaces thoroughly, and 
then polishmg them with a soft cloth 
or paper. The anU-fog preparation is 
obtainable in one-ounce or one-pound 
jars. 


MICRO SWITCH 

Is A suBp-BotliM, Btkellto boueeS Undorwritors 
llstsd fwiten No totw tiMUi b moa's thumb, 

SUT**- 


^ stoek from |1 90 to 14 00, 




OpM or clot94 ok- 
cult, each . . 

s.pdV 


L.10 

Leo 




Optii or clofad cir- 
cuit, itch SI 25 
S.PDV . iL4S 


ALNIOO Pocket Pleees Wi6* x 9/19^ x V 

pur $1 00 

Norse Shoe MmgneU s x polr 91 SO 
W X 9k* Wsteh else GEAR BOX 
ISO to 1 Ratio 394 3 for 91 00 

BXINDBRVIKBN Transmitter Button with 
19 pate Experiments Booklet 91 00 

TELECHRON 110 volt A C motors 1 revolu- 
tion per minute $3 00 

One ampere Mercury Switch, 

Ions leads 384 4 for $1 00 

SIAN, 641 Dey Street, New York 7, N Y. 


Expetimeirtal and MoM Work 

Fine Instrument* and Fine Machinery 
Inventions Developed 
Special Toole, Dies, Gear Cutting, Etc 

HENRY ZUHR, Inc , 187 Moyelto St , N Y. 13, N Y 







ilflUl Rtpair year swn 
RUN ELECTRICAL APPLIANCES 

with 

CHANITB Self-Welding ELECTRICAL 
HEATING ELEMENT dux Generous 
amount, instructiont enclosed SI 00 posc- 
peid Guerenteed nothing like It 
CHANITB SALES COMPANY 
014 South Main Fort Worth 4, Toxoa 


MAKE YOUR OWN 
TELESCOPE 

at a cost of less 
than $25. 

working from Inoscponolvoy 
proparod kits of gkiESf abra- 
sivos, and pitch, and by fol- 
lowing the praetleal datallod 
Insti^ctlons In 

"AIMTEH 
TELESCOPE MAKIHO” 

This beginner’s book, from which 
more then 25,000 telescopes have 
been made by amateurs, gives ele* 
mentary information on how to plan 
and build the mounting, how to 
grind, polish, and accurately shape 
the essential glats parts by hand- 
All necessary data are presented in 
easily understandable form. 

Over 500 pages Prohfly illutfrattd 

$4.00 postpaldr domoEtlc 
^.38 foroign 

SCIENTIFIC AMERICAN 

M WRtk Mtb StiMl, Ntw York II, N. Y. 


314 


SCIENTIFIC AMERICAN 


NOVEMBER 1945 





Xt40WLBDaB 
IHAT HAS 
endured WITH 
THE PYRAMIDS 



ASE 
FOR THE 
OP LIPS 


Tj^^HBNCB came the knowledge that 
™ built the Pyramids? Where did 
the first builders in the Nile Valley acquire 
thetr astounding wisdom that started man 
on his upward climb? Did their knowledge 
come from a race now submerged beneath 
the sea? From what concealed source came 
the wisdom that produced such diaracters 
ts Amenhotc^ IV, Leonardo da Vinci, Isaac 
Newton, and a host of others? 

Today it is known that they discovered 
and used certain Secret Methods for the 
development of their inner power of mind 
They truly learned to master life. This 
lecret art m living has been preserved and 
handed down throughout the aaes and to- 
day is extended to those who dare use its 
profound principles to meet and solve the 
problems of life in these complex times. 

This SeaUd Book FREE 

The Rostcnidans (not a religious organi- 
zation) have prepared an unusual book, 
which will be sent free to sincere mquirers, 
in which the method of receiving these 
pnnaples and natural laws is explained. 
Write today for your copy of this 
sealed book. Possibly it will be the 
first step whereby you can accom- 
^plish many of your secret ambitions 
.and^ the building of personal 
achievements. Address your in- 
quiry to: Scribe IC.O.Z* 



TAeROSICRUCIANS 

(AMORC) 

San Jose, California 



NOW 

Teltccopet 

Mounts 

CKtings 

Tubts 

Drives 


A COUMPiiTf S6RVICC FORt- 
AMAHUR ASTRONOMIRS 
TflESCOPE MAKERS 

Kits Bisnks 

Tripods Abrisivet 

Eye Pieces Testino 

Mirrors FIgurini 

Achrooiats Panchronizlng 

MIRRORS MADE TO ORDER 

*** Quality ovtLMomo •*** 

PROFESSIONAL SERVICE AVAILABUI 
Writp for CeHrieffu# 

ASTRO TELESOOPE OOMPANY 

P. O Bax 13 «$-OlwiM. 5, CM. 
OMrg. CMratl-TM I. Ilk, elwiM. S. 
•■SiltVINO THI WISffiRN STATIS- 


Oorreot Bulletin 
Briefs 

Conducfed by K. M. CANAVAN 


(The Editor will appreciate It 
If you will mention Scientific 
Ampricon when writing for any 
of the publications listed below ) 


The Incentive Wage is a 24-page book- 
let based on a survey of incentive 
wage plans now in use A three-page 
introductory summary of the survey 
is followed by direct quotations of those 
answering survey questionnaires. In 
conclusion the principles of wage in- 
centives, set forth by the National As- 
sociation of Manufacturers, are listed 
The Douglas T Sterling Company, Re- 
search Division, Stamford, Connecticut 
— Gratia 

Federal Presents FM Broadcast Trans- 
mitters With Antennas is a four- 
page brochure announcmg a new hne 
of FM transmitters designed for the 
new 88 to 106 megacycle band. Techm- 
cal data, answering questions 18 and 
19 of Federal Communications Commis- 
sion Form Number 319, are supplied 
Federal Telephone and Radio Corpora- 
tion, Radio Equipment Division, 200 Mt 
Pleasant Avenue, Newark 1, New Jer- 
sey — Gratia 

Introduction to Electronics is a 20- 
page educational booklet written to 
provide an imderstandlng of the prin- 
ciples of electronics and an idea of 
the part electronics will play in future 
mdustrial developments Request Book- 
let E-6358 Allis-Chalmers Manufactur- 
ing Company 568, Milwaukee 1, Wia- 
conain — Gratia. 

Physical and Chemical Properties or 
Pennsylvania Anthracite is a 26- 
page booklet presenting a technical 
digest of a number of research studies 
and standards for the better understand- 
ing of the value of this product for fuel 
and non-fuel uses The Anthracite In- 
dustries, Inc , 101 Park Avenue, New 
York 17, New York — Gratia 

Bulletin Number CB-45 is an eight- 
page bulletin covering a complete 
Ime of thread milling cutters that are 
heat treated and iinish-machined ready 
for thread grinding to customers^ speci- 
fications There are 52 shell type and 
32 shank type standard cutters listed 
in various sizes and with any thread 
form Detroit Tap and Tool Company, 
8432 Butler Avenue, Detroit 11, Michi- 
gan — Gratia 

Books, Publications, and Patents op 
Battelle Memorial Institute, 1929- 
1944, IS a 72-page catalog which lists 
the institute’s published contributions 
to education, science, and industry 
More than 800 contributions ih the fol- 
lowing fields are listed organic chem- 
istry, electrochemistry, chemical engi- 
neering, graphic arts, welding tech- 
nology, applied mechanics, mineral 
dressing, industrial physics, ceramics. 


PEACE 

, AND 

RECONVERSION 


These have brought in- 
creased activity to the 
optical field Long held 
up civilian orders for 
optics and optical instru- 
ments are filling our 
plants. In view of this, 
and to assure service, 
may we suggest that you 
contact us at your earliest 
convenience if you have 
definite optical require- 
ments for the near future 


Wn. MOGEY & SONS, Inc. 

Eitahhthad 1$S2 

PLAINFIELD NEW JERSEY 


kTINTC 



Fatemi AHomep Jiupf JIF> I 
iwtwwm^wbii^R it P.t.1 
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Eosy to Piolt CHROMIUM 

OOID, SILVER, NICKH, COPPER 
• . . for A/coturt and Rrefit f 

It you have a workahop— at homt 
or ID b 08 lD«a»— you iiae<l ihtt new 
Warner Bloetropiator Atlheatrokt 
of an eleolrlAed krueh you ean 
electroplate models and projects— 
you can replatc worn articles fau- 
cets tools fixtures, sttverwsre, ete 
wlttk a durable sparkllmt coat of 
metal OoKI Silver, Chromium, 
NlckeLCoppcror Cadmium Mttitod 
Is easy, simple aulok Everyttilnit 
fumlsn^— eoulpment complete 
readr for use By ds/ay a bit oftaors 
/or othtra. pour maebine css pay /or 
uitbfn 9 icfffr So makt your 


IfssV 
shop complete b: 
Eleetropister rlr 


s Warner 
Send to- 


day for FRBE SAMPLE and Illus- 
trated Uteroturs ACT AT ONCRI 

WARNtfl tUCTRie es., StPV. D 82 
n Wills St Clileaw to tit 


FREE Details & Sam file! 


I « WASStM tWAttSil. Ui 

! 663 N Weill St , Chlcaoo 10, Dipt 0-82 

I Osntlsmsn Send Free Sample and DeUUa to: 
I Mams 
I Address 
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Zone 


state 
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All Serious-Minded Production Men 

SHOULD H»VE THIS FREE BOOKLET! 


FORGING AHEAD IN BUSINESS 
contains a message of particular impor* 
tance to production men. This is your 
opportunity to obtain a copv of this 
famous book, which has been described 
as a **turnmg point in the lives of liter- 
ally thousands of men*1 

Although **Forging Ahead in Busi- 
ness'* has neen distributed to more than 
3,000,000 men. today’s timely edition 
was written in the light of recent world- 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities. Subjeas direa- 
related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one anotner. Thus, 
a helpful, over-all piaure is provided. 

Said one man who had sent for 
’’Forging Ahead in Business”: 

”/if Mffty minutes this little book 

f ave me a clearer picture of my 
Hsiness future than Vve ever had 
brforer 

. and that represents the opinion of 


the Institute’s 400,000 subscribers, in» 
eluding 134,000 production men! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time; how the In- 
stitute program fits in with the most 
crowded of war-time schedules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in **FORG- 
ING AHEAD IN BUSINESS” are: 
Alfred P. Sloan, Jr , Chairman of the 
Board, General Motors Corp.; Thomas 
J. Watson, President, International 
Business Machines Corn , and Frederick 
W Pickard, Vice President and Direc- 
tor, F I du Pont de Nemours fir Co. 

Send for 

‘F0R6INB AHEAD IN BUSINESS’* TODAY! 

Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual— the man with 
ambition and **drive”— ’’Forging Ahead 
in Business” has a message of distinct 
importance. If you feel that it is in- 
tended for you. don’t hesitate to send 
for a copy toaay. Simply fill in and 
mail the coupon below. 


fuels, and metallurgy. BoUelle Memo- 
rial Institute Columbus i, Ohio.— 
Gratis. JRed{ttest this catalog on your 
univereity or company letterhead. 

SELBcm Hnnaamcia on IimtrsTRXAL 
Uses or Cssiitm Wxtr Aluminum 
AND MAONleeiUM are two lists of refer- 
ences to the uses of cerium as an alloy- 
ing agent In conjunction with alumi- 
num and magnesium. Included are 
Annotated bibliographies; summaries 
of important articles; sources; and 
patent listings. Cerium MetaU Corpo- 
ration, $22 Fifth Avenue, New York 18, 
New York.—43rati$» 

Ships of tbs Mbhchant Marins is a 
30-page booklet presenting pictures, 
data, and silhouette models of the 
prmcipal types of vessels of the United 
States* merchant Beet An mtroduction 
by Admiral Chester W. Nimitz is fol- 
lowed by definitions of various terms 
used m giving factual data of ships, and 
a section describing how merchant ves- 
sels are named Tide Water Associated 
Oil Company, Publicity Department, 79 
New Montgomery Street, San Fran- 
cisco, CaltJomia.-^ratis. « 

Dsming Pumps Evbrywhere is a S2- 
page booklet compiled to acquaint 
the reader with the history of the com- 
pany, giving typical views of the plant, 
a list of owners of Demmg pumps, and 
illustrations and descriptions of how 
these pumps and water systems can be 
used The Doming Company, Salem, 
Ohio — Gratis 

Electrical Contact and Data Book 
18 a 36-page catalog describing many 
types of contact materials with appli- 
cations of each type, factors m the 
choice of materials, methods of attach- 
ing contacts, and other pertinent data 
Request Contact Catalog Number 12 
Stackpole Carbon Company, St Marys, 
Pennsylvania — Gratis 

Shipmate Restaurant and Hotel 
Ranges is a 16-page catalog describ- 
mg and illustrating 16 different ranges 
for coal, wood, ofl, or stoker-fired op- 
eration Complete techmeal Information 
on each mc^el is mcluded. Request 
Catalog Number 45 The Stamford 
Foundry Company, Stamford, Connecti- 
cut — Gratis. 

Dillon Dynamometer Manual is a 20- 
page booklet telling the story of the 
traction type dynamometer and its in- 
creasing number of uses for testing and 
weighing procedures in various in- 
dustries. W. C. Dillon and Company, 
5410 West Harrison Street, Chicago 44, 
Illinois —Gratis, 

The Biological, Hygienic, and Medical 
Properties or Zme and Zinc Com- 
pounds is a 44-page bulletin on zinc 
and its relation to health. Compiled by 
the United States Pubhc Health Ser- 
vice for scientific, industrial, and medi- 
cal reference libraries, as well as other 
interested persons, it is aimed to cor- 
rect much misinformation on the sub- 
ject. American Zinc Institute, Inc,, De- 
partment A, 60 East 42nd Street, New 
York if. New Yorh,*^ratis, 
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Our Book Corner 

THE BOOK DEPARTMENT of Scientific Amerieon If conducted, with the co- 
operation of the Editors/ to make available for you a comprehensive book 
service. Each month the Editors select and review In these columns new books 
In a wide ronge of scientific and technical fields In oddition, they are ready 
at all times to advise you regarding the best avolloble books on any subject 
You are invited to use this service freely Tell our Book Department what 
kind of books you wont, and you will be furnished with the names of available 
books. Including prices When inquiring about books, please be specific; 
remember that we can be of the greatest help only when you tell us just what 
you are looking for. Books listed In these columns moy be ordered from our 
Book Department. Add 25 cents per book for mailing outside U $ All re- 
mittances are to be made in U S funds Prices given are subject to chonge 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, located In 
the United States, or men in the Navy, Morines, or Coast Guard, located any- 
where, will be delivered. Insurance fees should be sent with orders, os follows 
To $5 In value, 3^ additional, from $5 to $25, lOd; ffom $25 to $50, 15^ 


CATALYTIC CHEMISTRY 

By Henry W/lliam Lohse 

B fUKF^ factual consideration of the 
underlying principles of catalytic 
phenomenon and the application of 
catalytic reactions in mdustnal process- 
ing 15 the aim of this compact volume 
designed to aid the mdustnal chemist 
in pursuing his work Numerous refer- 
ences are given to more extensive 
sources of information on specialized 
phases of the work (471 pages, 6 by 
9 mches, 30 illustrations ) --$8 00 post- 
paid — AJPJ^ 

UNIVERSAL MILITARY 
TRAINING 

By Col Edward A Fitzpatrick 

A n intelligent discussion of all angles 
of a question intimately affecting 
almost every Amencan family — ^peace- 
time military traming for all youths. 
The author explains the delicate inter- 
national situation today and its in- 
fluence on our future military and 
naval policy, together with the effect of 
compulsory military traming on the 
civihan. (374 pages, 5% by 8 mches, un- 
illustrated ) — $3 1,0 postpaid —W D A 

ENGINEERING PREVIEW. 

HOME STUDY EDITION 

By Seven Technical Writers 

S eniors m high school or freshmen 
in college will find this mtroduction 
to the whole broad field of engmeering 
to be a great help in determining their 
future careers, moreover, those who 
have been away from academic halls 
for several years will find the contents 
equally informative and stimulating 
A review of mathematicB is included for 
those who may have become rusty 
The avowed purpose of this volume is 
to open the field of engineering study 
in its entirety, and then break it down 
mto specific subjects, each treated by 
an expert in die field Chemistry, 
physics, and mathematics— tools of 


engmeers — are treated compactly yet 
completely Not only is the material 
presented for study, but the reader is 
shown how to study it A comprehen- 
sive examination section is included, 
with an answer key, so that the reader 
may examine and grade himself. (619 
pages, 6 by 9 inches, over 400 illustra- 
tions plus logarithmic and trigonometric 
tables )-~$6 10 postpaid — AP»P 

THE AUTOBIOGRAPHY 
OP SCIENCE 

Edited by Moulton and Schifferes 

M any times in scientific books you 
have read about the famous world- 
changing key writings of the great 
scientists but it is hard to get actually 
at many of these same passages, instead 
you get somebody else*s reha^ This 
book is an anthology of careful selec- 
tions from such key passages from the 
master works of all die sciences of all 
times Its editors have hunted them up 
and brought them, together in one vol- 
ume which you can pick up at any 
tune, wherever you are, open anywhere, 
and dip into some such classic. For ex- 
ample, Roentgen discovered the X 
rays; wouldn't you like to read the 
actual paper m which he first so lucid- 
ly announced them to a local scientific 
body’ Here, too, is Mendel’s famous 
lost paper on his experiments m hy- 
bridization (666 pages, 5% by 7 y 4 
inches, unillustrated ) — $410 postpaid 
— AG7 

YOUR PERSONAL PLANE 

By John Paul Andrews 

M any aspects of private flying— the 
planes themselves, safety, initial 
costs and costs of operation, landing 
fields, airparks, air routes and the way 
to go home, the problem of munici- 
palities in ei^blishing air facilities, and 
vacations by airfare covered in this 
timely book. A chapter entitled ‘Ter- 
sonal Planes for Personal Gain*' dis- 
cusses gainful activities in private fly- 
ing for a man of small capital seeking 



ON TECHNICAL BOOKS 

QttcmtitiM Limlltd 

Ord«r Now 


Title Author 

Onginol 

Pneo 

NQW 

Scattering of Light and the Raman Effect 

Bhagaventam $4.79 $2^90 

Hair Dyes 6C Hair Dyeing 
Radgrove 

900 

2.90 

White Shoe Dreaeinga and Cleaners 
W D John 1.79 

1.00 

ChromoBomea 

White 

1.50 

1 00 

Chemical Special 

Timtaannana 

4.00 

200 

Private Generating Plant 
Proton 

2 90 


SubitituteB 

H Bennett 

400 

2 90 

Tin Solders 

Nigfaongale Sc 
Hudaon 

2 79 

K50 

Milling Practice 

Melloy 

200 

1.00 

Manual of Endocrine Therapy 

Onberg 3 29 

200 

Windows & Window Glazing 
Molloy 

2 50 

1 50 

Tropical Fruita 

Sukh Dval 

2.75 

179 

Welding 8C Metal Cutting 
Molloy 

2 90 

179 

Firepumpa SC Hydraulics 

Potta Sc Harriaa 

2 90 

1 29 

Handbook of Mica 

Chowdhury 

600 

300 

Stromberg Injection Carburetor 

Fiaber 2 90 

175 

Glue and Gelatin 

Smith 

3 79 

2>0 

Reinforced Concrete Construction 
Cantell 3 00 

1J>0 

Elementary Mathematics for Engineers 

Fleming 2 90 1 90 

Method, ft Analy.!* of Coal ft Coka 

1 50 

1.00 

Aviation Instrument Manual 

5 00 

3.00 


Wiring Circuits 

Stuart 

2 90 

1 90 

Modem Oil Engine Practice 

E Molloy 

500 

3.00 

Aircrew’s Book of Practical Mathematics 
Robinson and 

Allan 1 50 ld>0 

Automatics in Engineering Production 

Molloy 2 90 1.25 

Rubber and Its Use 

Fiahar 

2 29 

1 50 

Drug Be Specialty Formulas 
Belanger 

6 00 

3^00 

Plastic Molding ^ 

4 00 

2d>0 

Insect Pests 

Harvey 

4 29 

2 50 

Adhesives 

Brauda 

3 00 

200 

Fruit Pectins 

Hinton 

1 79 

1 00 

Cellulose Chemistry 

Plunguian 

2 29 

175 


(To above prioe* add 10 canhi domaatic poatago 
for each book For foreign poataga add 39 ceata 
lor each book ) 


(All pncea aubject to change without notice ) 
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ACHRIMATIC WIDE-ANSLE 
nn ELEMENT 
TELESCOPE OBJECTIVE 



3" PI 

Outtid* Diaintttr 1-f/16 front, r J |||| 
ond 1-5/16 bock 

CentltH of "t 

1} Achromatic plono-convox lone 
Momotor, P.l. Out- 
tido turfoco fluorido coatod 
2) Achromatic nofaHvo lent in 
Altimimim mount, 1-1/16'* 

Oiomotor{ -12** P L Outside 
•urfacos lluondo cootod 
5) Motol AAounting (aluminum- 
moflnotium oll^) 

Offers innumcrebU usosi Excellent wtde* 
angle telephoto lensi superb enlarger and 
slide projector lens; covers 2 V 2 ** x lYz** 
plate; wide*angle telescope objective for 
small finders; for Schmidt cameras, col- 
limater, and macro-photo lens Many 
other uses will suggest themselves Works 
well with our focusing eyepiece A gem 
of beautiful optical workmanship 

e 

OPTICAL RING SIGHT 


A unique adapta- 
tion or polarised 
light Us^ as a 
telescope and 
camera finder of 
sho^gun sight, as 
well as for target 
sighting, centering 
and leveling In- 
cludeC a mono- 
chromatic deep rpd 
filter; finely pol- 
ished, plane parallel; metal mounted; 
I 5/16** ebameter With mounting screws 

• 

PIIISM— lltllT FlINT CUSS 





Fluoride coated, in mounting of aluminum- 
magnesium alloy, with ball bearmg swivel 
Meets most exacting requirements 1 5/16** 
by 'A" face. Suitable as diagonal for 
reflectors up to 8**, also as star dugonal 
on refractors These prisms can be used 
to make Porro's system No 2 erector 
PORRO ABBE-DIHEDRAL PRISM 5/16** 
square face, each 15^ 

To those who have purchased our focusing 
eyepiece we can supply an mverfer, which 
threads into their o uiar, outside diameter 
1 V 4 **, Price $7 00 This converts astronojn 
leal to a terre st r i al telescope 

See our previous ads for other optical 
bargains 


tnetudt Post 0 g€ — Retmf with order 

CotoloQ of Unsos, Prisiiit, etc , lOd 

HARUY ROSS 

Microseopos 

Sciontifie ond Loborofory Apporofui 
70 WEST ItoADWAY, N Y 7, N Y 


a business of his own A directory of 
small airports is included A compre- 
hensive, conscientious book dealing 
fairly well with a subject of vital in- 
terest, but poorly illustrated, written 
somewhat at second hand, and con- 
taining a number of misconceptions 
(230 pages, 5V4 by 7% inches, illus- 
trated)— $260 postpaid.— A K 

INDUSTRIAL PLASTICS 

By Herbert R. Simonds 

R evised and enlarged, this third edi- 
tion of a standard text includes a 
list of important industrial plastics, the 
latest war-time developments and proc- 
esses, and a section on the chemistry 
of plastics This is at once a source 
book on plastics in general and a specific 
text on practices and procedures. (396 
pages, 6 by 9 inches, well illustrated 
with photographs and drawings, several 
tabulations ) 10 postpaid —A P P 

FIBER TO FABRIC 

By M. D, Poffer 

A n interesting textbook on textiles, 
both natural and man-made, which 
everyone connected with the textile or 
related mdustries should study, as well 
as every woman responsible for buy- 
ing family weanng apparel, household 
Imen, rugs, carpets, and so on It con- 
tains valuable information which might 
be of considerable economic worth in 
the course of a year The chapters 
^Testing Fabrics for Identification** and 
“Care of Fabrics** alone are well worth 
the price of the book (314 pages, 5% 
by 8% inches, amply illustrated with 
photographs and drawings ) — $2 10 

postpaid — WJ7A 

REFRIGERATION AND AIR 
CONDITIONING ENGINEERING 

By B. F. Raber and 
F W Hutchinson 

P RACTICING engineers and engineering 
students will find this thorough 
treatment of refrigeration and air 
conditiomng fundamentals and pro- 
cedures to be invaluable as a reference 
text There is no descriptive material 
on specific equipment nor are per- 
formance data presented, emphasis is 
entirely on the science of the subject 
Chapters cover* Thermodynamic Prin- 
ciples, Fundamental Cycles, Analysis of 
Cycles, Heat Transfer, Heat Flow, Psy- 
chrometric Prmciples and Processes, 
Ventilation Systems, and so on (291 
pages, 6 by 9 inches, thoroughly illus- 
trated with drawings) — $410 postpaid 
— APP. 

MACHINE TOOL GUIDE 

By Tom C. Plumndgo, Roy W, Boyd, 
Jr,, and James McKmney, Jr. 

T ool and mechanical engineers, mill- 
wrights, and tool equipment sales- 
men will find much of interest and 
value in this convenient compilation 
of data on all types of machme tools 
True, the assembled information has 
previously been available m service 


manuals or catalogues but has never 
before been assembled in organized 
form. The text is entirely composed of 
photographs, drawings, data sheets, and 
specifications covermg all of the prin- 
ciple forms of machme tools m use by 
mdustry Some of the machme tools 
covered are automatics; boring, broach- 
ing, and drilling machines, gear cutters, 
grinders; lathes; millers; presses, tap- 
ping machmes, and specialties (^ 
pages, 9 by 11 inches, loose-leaf bmd- 
mg ) -^7 70 postpaid — A PJP. 

CALCIUM-4BETALLURGY 
AND TECHNOLOGY 

By C. L. Mantel! and Charles Hardy 

C alcium is an important metal quite 
aside from the abundance and im- 
mense usefulness of its chemical com- 
pounds Even traces of calcium impart 
useful properties to alloys or modify 
existing properties m important ways 
Particularly in the present period of 
avid demand for metals, both old and 
new, the family of calcium alloys is 
proving highly valuable The present 
authors review m some detail the 
preparation and properties of metallic 
calcium and the alloys contaming it 
No less than 11 families of alloys are 
described in addition to the many uses 
m various metallurgical and chemical 
operations (148 pages ) ---$3 60 post- 
paid — D H K 

APPLIED MATHEMATICS 
FOR RADIO AND 
COMMUNICATION ENGINEERS 

By Carl E. Smith 

R anging from arithmetic through cal- 
culus, a clear and simple presenta- 
tion is given of the principles of mathe- 
matics used in radio and communica- 
tion engineering. The text is designed 
for self-study and each theory is de- 
veloped from basic fundamentals, the 
application of each theory to useful de- 
sign equations is then traced carefully 
Practical examples show how the prm- 
ciples are applied in practice The text 
is carried far enough to cover fre- 
quency modulation, television, and 
radar (330 pages, 6 by 8^ inches, 
numerous drawings and complete ap- 
pendix of useful tabulations and for- 
mulas ) — $3 60 postpaid — A PJP 

HAY FEVER PLANTS 

By Roger P. Wodehouse 

H eretofore, clinical studies of hay 
fever, an mdustnal man-power 
scourge as well as an individual handi- 
cap, have received the major portion 
of research In this book, however, the 
botanical aspects of hay fever are ex- 
haustively treated, covering all plants 
in the United States known to cause 
hay fever, most of those suspected of 
doing so, and many which possibly do 
not While not written for ‘‘popular** 
appeal, the intelligent hay-fever suf- 
ferer will acquire much valuable in- 
formation from this volume, as will also 
the researcher (245 pages, 7 by 10^ 
inches, illustrations and mdex)-~$485 
postpaid.— >W D.A. 
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Telescoptics 

A Monthly Department for the Amateur Telescope Moker 
Conducted by ALBERT G. INGALLS 

Idltor of Iho Sclonflllc Amorican books ''Amotoor To l osoo j p o Mokln^'' 
ond ''Amotour Tolotcopt Mokiii«*Advaiic^' 


T he following is the concluding part of 
the article on mirror making on the 
hand-lever spmdle machme» which was 
begun last month by Patrick A Driscoll 
of the Eastman Kodak Company Hawk- 
Eye Works 

C LEAN up all traces of 180 emery 
around the machine, make up a 
jar (one pint) of 500 emery, and use a 
new brush Mike the glass and larite 
this figure down We must grmd with 
500 emery until we have removed at 
least 0 008" and until the surface once 
more exactly fits the gage 
Before proceeding with the 1200 
emery, the mirror must be re-miked on 
its location mark and the reading noted 
down To wipe out all No 500 pits we 
must remove at least 0 004" 

Assurmng that the surface is once 
more a gage fit we now can look for- 
ward to polishing, with the assurance 
that we have a perfect fine-ground sur- 
face, free from pits or scratches A 
spindle speed of 200 rpm was recom- 
mended for gnnding For polishing, we 
must reduce this to about 36 rpm 
Any speed within those respective 
ranges will, of course, prove quite sat- 
isfactory In Figure 1 (in last month’s 
mstallment) the pulley or gear trains 
have been left to the builder’s discre- 
tion, in the belief that many will have 
their own gear boxes and pulleys and 
individual mitiative for devising ways 
to change spindle speed 
For polishing, Hindle’s machine 
(“A T M page 234) will give a close 
approximation to the action of the 
machine in Figure 1 and will be quite 
satisfactory if the worker prefers it 
In either case, the spindle should have 
a speed of about 36 rpm All beltmg, 
Hindle or Driscoll, should be double V- 
belt The speed reduction from the 
motor can be accomplished by beltmg 
or, in the probable event of financial 
affluence, by a gear reduction unit 
Try the gear shift unit from the family 
flivver 

Elaboration or addition of automatic 
stroke is left to the individual’s discre- 
tion 

To shape the cold polisher to curve 
we place it and the mirror in a large 
pan of water and slowly heat them until 
the pitch is fairly soft to the touch and 
the glass is fairly warm to handle 
Next, place the hot, wet polisher on 
the machine, apply thick rouge, start 
the spindle rotating and form the polish- 
er to curve, using the mirror as a form- 
ing instrument 

If the polisher and glass cool down 
too soon, dunk them back mto the pan 
of water for a while and proceed as 
before. The pan of water will stay good 
and warm if you make it big enough 


Do not use soap and water as a 
lubricant 

The rouge will color the polisher as 
it conforms to the glass, and any black 
areas may be assumed not to be in 
contact But when the lap is a dull red 
all over it is formed to curve and 
contact 

To cut the polisher we place it, cold, 
on the maclime and, with the spindle 
rotatmg, hold the comer of a smgle- 
edged razor blade against it and scrape, 
not cut, grooves mto it, spaced about 
apart and 1/16" deep They need 
not be wide nor deep I have found 
nothing better than the single-edged 
razor blade for cutting the polisher, not 
because of its cutting edge but for its 
sharp coiner when used as a scraping 
device 

During the formmg of the polisher 
and m all polishing it ts most important 
that the grooves in the polisher or lap 
he kept open They do not have to 
be deep or wide 

On a concave surface a polisher hav- 
mg the same diameter as the work will 
have a tendency contmually to shorten 
the radius of curvature, that is, it will 
“drive the center low,” polishmg the 
center more than the edge Therefore 
a hyperbola develops, even with a ra- 
tional stroke In trying, then, to length- 
en the radius and get out of his hyper- 
bola, the worker resorts to a very short 
stroke, and thus, by polishing the edge 
much more than the center, he length- 
ens Its radius and winds up with two 
foci, a short center and a longer 
(turned) edge The turned edge is 
caused by trying to correct the tenden- 
cy of the shorterung effect on the radius 

Thus, three fourths of the polishing 
time is lost in trymg to keep the focal 
length up to standard and, m so doing, 
three fourths of the abrasive effect of 
the polisher is put on the edge of 
the mirror This is one of the causes 
of that great bugaboo, turned edge 

By inverting polisher and mirror the 
worker can reverse the action of Ins 
equal diameter polisher but, while the 
polisher when on the bottom unduly 
hits the center because it is too small, 
so does the polisher when on top un- 
duly hit the edge because it is too 
big— and m both cases much too hard 
Thus we have the dilemma either the 
turned edge or hyperbola Of course, 
by juggling the polisher and glass, and 
by usmg all sorts of strokes, a spherical 
surface is finally attained — if our judg- 
ment, timing, and patience are working 
overtime 

A convex surface with equi-diameter 
polisher on top will be hardest hit on 
the edge (and once again a shortened 
radius) The equi-diameter method 
holds the worker to a short stroke, less 


abrasive or polishing action, and a 
greatly increa^ polishing tune. 

Proceeding once more on the assump- 
tion of a concave surface to be polished, 
we place the idx^fifths diameter polisher 
on the spindle, lay the mirror face down 
on it, adjust the stroke neither long nor 
short but medium, and give the work a 
15-mmute polishing spell. 

The rouge should be of a creamy con- 
sistency. Keep it in a jar and apply 
it with a soft brush. 

The center of the mirror should cross 
center of polisher at every stroke 
For a 6" mirror a pressure of about 
eight pounds will suffice A fair rule 
for weight on the drive-pin of the 
stroke arm (which has a slip fit so that 
the weight of the worker’s arm, itself, 
IS not transmitted to the work) is Vk 
pounds per inch of diameter. 

Remove the work and measure the 
radius by the Foucault test Use a Vi'' 
pinhole covered with window screen- 
mg, and substitute a piece of fine- 
ground glass for the knife-edge, the 
two mounted so as to move as a unit 
together When the image of the 
squares of screemng is sharpest on the 
ground glass (scan with a 1" f 1 mag- 
nifier) we have ascertained the radius 
of curvature, and half this distance is 
the f 1 of the surface within 1 mm. 

If the radius is too long, the center 
of the mirror must be polished more 
than the edge Therefore, increase the 
length of the stroke If the radius is 
too short the stroke must be shortened 
to polish the edge more than the center. 

By testing often, the action and 
effects of the machine will become more 
and more familiar as we proceed. 

Thus far the radius of curvature has 
been referred to as too long or too 
short In optics a concave surface is 
often referred to as “high” (long 
radius) or “low” (short radius), and 
hereafter we shall use these terms. 

If the low surface is fitted to the 
gage it will show space under the 
center, because the curve is too deep 
The high surface will show space under 
the edges because the curve is too flat. 

Let the polishing spells be about 15 
minutes in length ^en approaching 
the desired radius of curvature, shorten 
these spells and test often 
Rmg grooving of the polisher affords 
an additional correction to obstinate 
zones An example The curve is too 
low (deep) and short strokes do not 
seem to change the radius during a few 
polishmg spells Therefore, from the 
center to half way out on the polisher 
we scrape additional grooves between 
each present groove Conversely, if the 
surface is high we scrape more grooves 
on the polisher’s outer area 
A warning Do not make these cor- 
rective grooves too deep Be easy with 
pressure on the razor blade scraper 
The grooves are to correct a temporary 
fault only, and when this has been ac- 
complished we do not want them to 
continue their effect Regroove them 
lightly and often but only as long as 
they are needed If, however, they 
should remain after the surface is cor- 
rected, scrape balancing grooves on 
the remainder of the polisher, to nullify 
their effect and from now on 
mtermediate grooves close un ( 
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COMPLETE HIOH-QRADE KITS 
OUR SPECIALTY 

Bach kit has two glaM disco 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur- 
face), instructions, FREB 
ALUMINIZED DIAGON- 
AL, etc. 

Mirrors for Cameras, Range Finders 



4'' Kit 
6 '* Kit 
8^ Kit 
10'' Kit 
12" Kit 


$2 93 
4 00 
6 30 
10 00 
13 00 


(Pyrex, MOO) 
(Pyrex, 3 30) 
(Pyrex, 8 00) 
(Pyrcx. 13 00) 
(PyrM, 23 00) 


PRISMS IV 4 " ^3 73, IV' 2 '' $ 4-50 

ALUMINIZING 

A harder stid brighter eluminum cesting that it 
uniform and produces a lasting and superior re- 
flecting surface Guaranteed not to peel or blister. 

6'* $2.50 

r ssjo 

10*' $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL COs 
1001 East 183rd StrMt 
New York 58, N. Y. 


ALUMINIZED 

EURFACE HARDENED OOATINO$ 

Get the BEST* No change in prices 

PRECISION PLUS 

ALUMINIZED DIAGONALS, Recunaular 
pitch polished flats, suitable for 4" short focus 
and 6^ and 8^ long focus tcopaa U/a" x 1%" 
Pnca, flat to wavalangth #2 30 aa flat 
to Va wavalength M 30 ea , flat to 1/10 wave- 
length 83 00 ea. 

LEROY M. E. GLAUSINQ 

55074IS09 Lineoln Ava Chicago 25, 111 


RKFLECTINO TELESCOPE KITS 
OUR SPECIALTY 

PARABOUC PYREX MIRRORS Made to Ordar. 
oorrectly figured, polished, and parabolised Preolae 
worlunanship guaranteed Prices on request 
WB DO POLISHINO. PARABOLIZING, AND 
ALUMINIZING 

Send for FRKE ILLUSTRATED OATALOOUB 

M. CHALFIN 

e.P.O. Box aOT, N«w YqHi, N. Y. 


TELESCOPE' 


MAKERS 


t^allty materials of the RIGHT kind 
Kit — OlaM, abraalvca, pitch, rouge and 
instruments t5 00 

LENS GRINDERS, pitch, abraalvea IS 00 
HOBBYGRAFS— llirORMkTlON-dNSPECmN 
We offer you the benefit of our 26 years of 
experience at this hobby Free price list 
4snii M Pierce, 11 Harvard St, Sprlngflekl, Vt 



TEin 


iSCOP^ 



A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers — - new ster 
cherts, Gleemngs for telescope mekera, 

g aga lor observars, and celaailal phoeoa. 

tar cherta for N aad S HemiMheraa 
82 30 a year, domesdct 83 00 in Canada 
ai^ Pan-Amertcan Union t 83 30 foreign 
Single copy, 23 cents Sample on requeat. 

SKY FURLISHINQ CORPORATIOR 

Harvard Ohaemtory, Cambndga 38, Mv*- 


not fail to keep the regular grooves 
open at all times. Never let them close 

A corrective method, alternative to 
local grooving, is to scrape the center 
or edge with the razor blade held square 
on Scrape ever so lightly, my friend, 
ever so lightly Even with this wammg 
some probably will scrape too much 
and get into trouble 

If a slight stam appears on the mirror, 
a IS-mmifte spell using plam water 
and no rouge will usually remove it 
If not, add about % teaspoonful of 
vinegar to % pint of rouge 

It is not necessary to remove the 
work every time the tool needs re- 
chargmg In applying emery or rouge 
use a brush and apply while the machine 
IS runnmg 

Since all the foregoing has treated 
the concave surface for the benefit of 
the mirror maker, we must now make 
amends to the refractor builder and not 
leave him high and dry Let us bring 
him down to our lowly level and carry 
this discussion into the field of convex 
surfaces 

Our rule calls for the convex surface 
to be ground and polished face up, tool 
on top The grmder will be 4/5, and 
the polisher 5/6, the diameter of the 
lens 

In reversing the position of the lens 
from the top to the bottom we also re- 
verse the action of the stroke for cor- 
recting high or low test findings The 
high concave would require a long 
stroke The high convex would require 
a short stroke The low concave would 
need a short stroke. The low convex 
would need a long stroke In sum, on 
a concave surface, when the curvature 
IS not deep enough it is high When 
the curvature is too great, it is low On 
a convex surface the conditions are 
directly opposite The polishing tech- 
nique for a convex surface is different 
from that of the concave only in the 
mversion of the lap and action of the 
stroke 

A last and oft-repeated warning Do 
not attempt to polish until the surface 
exactly fits the gage after fine grmding 
We do not wish to polish ourselves into 
an early grave 

Fmally, I extend my condolences, in 
the form of a more simplified polishing 
machine, to the amateunT who lack the 
material, space, and so on, for a better 
one This machine will do everything 
the one already described will do, 
except that the time factor will be ex- 
tended considerably The spindle 
should be vertical, running at about 
36 rpjn, and the stroke arm should 
be double, consisting of your own two 
strong arms with sleeves rolled up 
Merely place the work in a chuck 
(Figure 3, insert, last month), and ap- 
ply your strokes exactly as if you were 
a part of the machine The chuck for 
hand polishing may be made of metal 
or wood, and lined with glued-in felt 
The drive pm notch shown on its top 
is not for hand work, but with it this 
same chuck may, if preferred, be sub- 
stituted for the metal button of Figure 
1, in polishing 

After each 15 or so strokes, let go of 
the chuck. The work will revolve with 
the spindle After about three seconds, 
drop the hands back on the Ohuck and 


proceed Do not be afraid of the work 
flying off the spindle when you let go, 
it won't, $lnce 36 rpjn is not fast 
enough to cause alarm on this score. 

With this machine no single condition 
or relation of work to politer will be 
dupheated, and neither monad, astig- 
matism, nor one-sided test (one area of 
different radius) will occur. 

It is my humble opinion that amateur 
optics can well afford to get away 
from some of the do's and don’ts pre- 
scribed by workers m the past, not 
omitting the wearing of round-the- 
barrel ruts m the rug So roll out the 
barrels 

End of Driscoll's contribution 

R eaders are warned that the 200 r p m 
recommended in the above articles 
should not be carelessly exceeded 
^Taster, disaster," is Driscoll's warning, 
m a private commumcation, while Leo 
J Scanlon of Pittsburgh, who has used 
a hand lever machme, is of the same 
mind and urges not falling asleep even 
at 200 rpm Especially is this per- 
tinent in the final stages of grmding, 
since at this stage the grindmg surfaces 
become dry or warm and seizure may 
take place so quickly as to end possibly 
m the disaster against which Driscoll 
warns Henry Paul, Norwich, N Y, 
also has used a hand lever machine 
and protects his mid-section by em- 
bodymg a heavy steel splash pan in 
his equipment, an added piece of plank 
would serve same purpose. In the 
next number an illustrated description 
of Paul's hand-lever machme will be 
published, with numerous sidelights 
on Its operation 

G LEANED while reading a back num- 
ber of the Journal of Scientific In- 
struments (London, February, 1938, p 
3) IS the followmg fragment abstracted 
from a paper on **The Mechanical Am- 
plification of Small Displacements," by 
Professor AFC Pollard, and of prob- 
able mterest to Carborundum-conscious 
readers 

Place a well-made agate kmfe-edge 
from a micro-chermcal balance in con- 
tact with a microscope cover-glass 
under a high power of the microscope, 
in monochromatic light Note fringes 
from the two facets, also black areas 
surrounded with very irregular con- 
tours from the edge 
“One wonders," Prof Pollard remarks, 
“how it is that agate knife-edges fimc- 
tion as well as they do" 

Now select a perfect Carborundum 
crystal about long and similarly 
test It Though the crystal edge in- 
cluded by the facets is at an angle of 
about 117 **, this edge is almost perfect 
and is seen as a black fringe along its 
whole length. Such perfect crystal edges 
should form ide^ knife-edges for 
highly sensitive and delicate lever 
systems, Professor Pollard states, “but 
I know of no case in which the crys- 
tals have been used for this purpose " 
But he adds that Professors McBain 
and Tanner have used two sharp 
points of Carbonmdum crystals to 
function as the knife-edge of their 
highly sensitive microbalance, and with 
great success 
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The “JO-BLOCK” 
Guards the Jewel 
of Accuracy 

Right now, with the long-hoped for postwar 
battle for business getting into full swing, the 
establishment of high standards of shop 
accuracy becomes all-important in thousands 
of plants 

Don’t let the hurry of reconversion sidetrack 
this basic precaution Protect the per- 
formance of your product— make assembly 
easier — provide parts interchangeability — 
with genuine Ford Johansson Gage Blocks. 

Guaranteed accurate within 000002, 000004 
or 000008 of an inch, plus or minus Avail- 
able lA sets or individual blocks, with all 
accessories needed to establish and maintain 
true accuracy in your plant Write for new 
Catalog 

Ford Motor Company, Johansson Division, 
Department 1412, Dearborn, Michigan. 
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Previews of the Industrial Horizon 


ATOMIC POWER 

Now THAT the hrst buist ot enthusiasm — misguided and 
otherwise — regarding atomic power has simmered down 
somewnat, it seems appropriate to scan briefly some well- 
founded opinions on the subject 
At a recent meeting of the American Society of Mechani- 
cal Engmeers, members of the Gas Turbme Coordinating 
Committee rendered a preliminary report on atomic power 
Looking upon atomic energy as an addition to the world’s 
supply of fuel, the committee goes on record as say mg “It 
IS felt that atomic power certainly will not replace present 
fuels but will supplement them, as oil supplements coal.” 
They look forward to the possibility of power-plant umts 
“above 200,000 kilowatts, wherein both the gas and steam 
turbme are utilized m the same plant, usmg both present 
fuel and atomic power to achive ^e greatest efficiency” 
Because the heat evolved in atomic flssion offers an m- 


A P^ck 


can be sprayed like an ordinary lacquer and cured in a 
matter of mmutes, using infra-red The resulting film is 
tough and hard, and resistant to water, mild acids, alkalies, 
and abrasive compounds Best of all, from an industrial 
standpoint, it makes possible the development of a beauti- 
ful finish on a piece of wooden furniture within three or 
four hours after the parts have been assembled 


FUNNY FUZES AND RADIOS 


trigumg lure to the power engineer, the Gas Turbine Com- p 

mittee warns “Possibility exists also that radio-active engineers see great commercial possibilities in the 

pioducts of the atom-splitting process might make the air '^tended use of the equipment that made possible the radio 
unusable in a gas turbine It appears from this considera- prbximity fuze This device, dubbed the “funny fuze,” causes 

tion that a semi-closed cycle might be preferred, usmg the sockets, bombs, and other projectiles to burst when within 

heat created but eliminating the radio-active by-produtts a pi edetermined radius of the target Heart of the funny fuze 

from the gas turbme.” ® set-up of five vacuum tubes housed in a space smaller 

All informed sources stress two important aspects of atomic than that encompassed by a tea-cup The fuze operates on 

power Cost of material and time of development Cost will radar principles but its greatest implication at the moment 

undoubtedly be extremely high for years to come, and the for the development of pocket-size ladio sets and ex- 
necessary development work will pursue a long and arduous tremely compact electronic equipment for many industrial 

path Thus, to central power stations, railroads, and other control and indicating purposes 
businesses in which the generation or use of power is of ex- 
treme importance, General Electric engineers put it this way 
“Were we responsible for conducting the affairs of such or-* 

ganizations, we would go right ahead with our plans for the TELEVISION COST 
years to come on the basis of present-day commercially n 

available sources of energy namely, coal, oil, and water ■ rices of television receivers are subject to serious dis- 

power Only as research and development proceed shall we cussion these days And here’s what to expect in the near 

learn the limitations and possible practical commercial ap- and medium-near future For $100 there will be sets giving 

plications of nuclear power a picture of about post-card size, suitable for two or three 

persons to view, for $250 to $300 it will be possible to buy a 
receiver that will give a picture which eight or ten persons, 
sitting an average of ten feet from the screen, can enjoy, 
PATENTS AND SMALL BUSINESSES projection on a screen is wanted, so that a whole roomful 

^ of people can be entertained, expect prices upward of $1000 

Stating that “the Patent System functions as the indis- ' or* more Its all a case of getting what you pay for The tele- 
pensable stimulant to that competitive enterprise upon which vision field surely will have its Fords and its Cadillacs, and 

the continued progress and security of America depends,” now as always, more people ride in Fords than m Cadillacs 

the National Patent Council has been organized to represent 
smaller manufacturers m the defense of the United States 


Patent System The Council, controlled by the smaller manu- 
facturers, will appeal directly to fair-minded Americans to 
prevent misled “reformers” of the patent system from pro- 
moting monopoly by making changes in our patent laws 
which would threaten the life of every smaller company 
relying for its existence upon patent protection 


FURNITURE FINISH 

ENTIRELY ncw finishing system for wood looms on the 
horizon and promises a better, faster, more economical 
method of operation for all wood furniture plants 
In the past, the accepted method of finishing fine furni- 
ture involved the use of a number of coats of comparatively 
slow-drying varnish Each coat was carefully sanded by hand 
and given its final polish by the same method Then came 
the fast-drying lacquers that cut fimshing time from weeks 
to a matter of days, but still required polishing to bring out 
the gram of the wo^ But — and here was the catch — a fimsh 
that could successfully be sanded could not be hard, tough, 
and elastic, and hardness, toughness, and elasticity are great- 
ly to be desired in furniture finishes 
Now comes the new Durez process, in which neither var- 
nish nor lacquer is used Rather the protective film is a pure 
resin of the type found in phenolic molding comnounds 
However, it does not have to be applied in sheet form but 


WOOD WASTE MAKES WOOD 

HARD wallboard made from sawdust, by a process so 
simple that it can be applied even by small saw -mill op- 
erators, holds promise of solving many of the problems of 
our diminishing wood supply Production of the new grain - 
less board has been likened to the housewife’s use of pre- 
j^ared cake flour — add water, stir, and bake 

Secret of the process is the use of chemical catalysts, 
themselves made from wood Reports so far indicate that 
the entire procedure, from sawdust through mixing and 
pressing, takes less than 15 minutes to the finished board 


FOR FUTURE REFERENCE 

^Automobiles, says an alummum authority, should weigh 
1000 pounds and up, mstead of the present 3000 pounds and 
up Those concerned with the development of aviation — 
both commercial and private— should give serious considera- 
tion to the development of more sightly airports Color, 
bright and durable color, has great industrial significance, 
buyers of everything from tooth-brushes to tractors are 
more color conscious than ever before Ceramics, resistant 
to intense heat, will in part replace metals In tomorrow’s 
gas turbines 




SCIENTIFIC AMERICAN 


DECEMBER 1945 



So YOu'U 
see better 




Nature designed your 
eyes for seeing by day- 
light. But the average 
person spends most of his waking 
hours under artificial light 
To develop better artificial hght 
—for all living and working con- 
ditions— has been a continuous 
project of G-E engineers and re< 
search scientists. They have even 
developed a whole new Saenoe 
of Seeing. 

The pictures on this page illus- 
trate a few ways in which G. E. is 
helping you see the day-by-day 
and night-to-night things more 
easily. General Electric Company^ 
Schenectady, iV. Y. 





Powd«r«a Llghf. Thw lummou# powder that you see is a phosphor Coati^^ inside of 
every G-B fluorescent lamp, it transforms invisible rays into soft, cool light Recently 
General Electnc developed a remarkable new phosphor which wiU be used m a n^ 
fluorescent sun lamp to provide healthful summer sunshine all year round, economically 
and efficiently And speaking of economy. G-E lamp research hM reduc^ the c»et of a 
60-watt G-E bulb by 75% since 1923 Another way In which General Electric helps to 
bring More Goods to More People at Less Cost 



The tifiy 7-watt G-E bulb m this night hght 
bakes darkened halls safely navigable for sleepy 
^ple It*s especially useful m homes with small 
Children. And the cost of electnc current has 
brought so low that, at average residential 
rates, this httle lamp wiU bum for four 8-hour 
nights for only a penny or sol 


What's the best light for reading*^ 
Above 18 one of many testing devices 
in the G-E Lighting Research Labora- 
tory The amount of light on the 
page and the amount of general illum- 
ination inside the sphere are varied 
to determine best seeing condiLions 


You'll soon soo important events as they happen 
— by improved television with a bigger screen 
and clearer reception Back in 1928 a G-E en- 
gineer. Dr E F W Alexanderson, gave the first 
pubhc television demonstration And for more 
than five years now. G E has been telecasting 
regular programs from its own station, WRGB 


The best investment in the world is in your cx>untry's future 


KitP All THI BONDS YOU BUY 


GENERAL m ELECTRIC 
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50 Years Ago in . . . 



(Condensed from Issues of December, 1895) 


TELEPHONES — “Chicago police now have a telephone and 
signal system, consisting of 887 public and 370 private boxes, 
operating on 81 circuits, connected with the 37 precinct 6t»* 
tions of this department, in which they are located The sys- 
tem includes public sentry boxes placed at street intersections, 
equipped with a signal box to transmit the number of the 
station, a telephone for patrolmen to report and receive 
orders over, a chemical register at the station which records 
the calls, and the necessary switches for operatmg the tele- 
phone and testing for electrical disturbances.” 

ELECTRIC MOTORS — “On January 1, 1895, the Edison Elec- 
tric Illuminating Company had connected 7,615 horse power 
of electric motors, but at the end of October it had no less 
than 11,263 horse power, an increase of 3,648 horse power 
in the short period of ten months The company has ^1,487 
incandescent lamps connected and 3,280 arcs This would 
figure out in the neighborhood of 25,000 horse power, so that, 
one-third of the company’s total connected capacity is now 
represented by motors It is evident that the stationary 
motor industry must be mcreasmg at a rapid rate, for these 
figures, large as they are, take no account of other stations 
than the Edison and do not include isolated plants ” 

WINDMILLS — ‘In this country the windmill has of late 
years been greatly improved and brought extensively into 
use It is estimated there are over half a million windmills 
now runmng, and the annual increase in sales is estimated 
to be upward of 50,000 They are mainly used for pumping 
the domestic water supply, m many of the Western States a 
farm is scarcely considered to be complete unless it can boast 
of Its windmill pump” 

FIREFIGHTING — “At a recent fire the Chicago firemen dem- 
onstrated at the Masonic Temple’ their ability to cope with 
fires in the upper stories of the tallest buildings Engine No 
1 of the city fire department pumped a stream of water 
through 500 feet of hose and standpipes to the roof of the 
building, where there was sufficient force to drench the 
roofs of neighboring buildings The water pressure at the 
engine was 240 pounds On the roof at the same time the 
pressure was 54 pounds to the inch ” 

FROPELLER SHAFTS — “It is getting to be pretty well under- 
stood that the frequent breaking of propeller shafts is not 
due to the defective material of the shafts themselves so 
much as to the excessive strains to which they are subjected, 
owmg to the working and straining of the hull of the shin 
In a seaway ’’ 

JORDAN DEVELOPMENT — “According to consular reports, it 
is the intention of the Turkish authorities, at Jerusalem, to 
establish a steamship line on the Dead Sea The existence 
of asphalt in that region has been ascertained, and it Is sup- 
posed that petroleum will be found also A rational develop- 
ment of the Jordan Valley from Lake Tiberias down, and 
especially the opening up of the rich mineral resources of 
the Dead Sea basin, is considered a very profitable under- 
taking ” 

CABLE STEAMER — “One of the great companies, the Com- 
mercial Cable Company, owns and operates three complete 
submarine lines between Europe and the United States To 
keep these cables in order this enterprising company has a 
fine steamer, the Macktev-Bennett She is 260 feet long, 40 
feet beam and 22 feet deep, and propelled by twin screws 
driven by independent compound engines The Mackay-Ben- 



324 


nett IS provided with three cable-holding tanks with a total 
capacity of 385 nautical miles The steamer Is fitted up 
with all the modern machinery for grappling, picking up and 
paying out cable On the deck are placed two powerful 
engines foi heaving in and paying out the cable.* 

GAS VS STEAM — “The gas motor occupies less space than 
th^r steam engine with its boiler and chimney, and it has i^e 
advantage as regards attendance, for one man can look after 
several gas engines, while a steam engine plant of any im- 
portance requiies an engineman and stoker, and often an 
additional hand to keep up the coal supply Another ad- 
vantage of the gas motor is the fact that it can at any time 
be put to work immediately ” 

HEELS — “One of the latest features of wood pulp industry 
IS the manufacture of shoe heels from that material, white 
pine and other kinds being used for the purpose 

WOODWORKING — “No branch of mechanics has received 
greater development in the United States than that which 
relates to woodworking America has been pre-eminently a 
wood -producing country, and has brought shaping, planing 
and sawing machinery into the greatest perfection 

SULPHUR — “The Standard Oil Company has finally soWed 
the great problem, on which hundreds of thousands of dol- 
lars have been spent in vam, of getting at the immen^ mass 
of sulphur which lies some hundreds of feet below me sur- 
face in Calcasieu Parish, Louisiana Sui^rheated water 
is forced through ten inch pipe on the sulphur, 
and the liquid sulphur water is then pumped up A little ex- 
posure to the air, so as to evaporate the water, leaves almost 
pure sulphur The experiment has been a success beyond ex- 
pectations ** 

CALCIUM CARBIDE — “The production on the large scale of 
calcium carbide to be used for the manufacture of aceWene 
gas is now being carried out at the works of the Wilson 
Aluminum Company By heating in an electric nmace a 
mixture of lime and carbon a combination of the ^o sub- 
stances ensues, and a stone like material, the calcium car- 
bide, is produced When water comes in contact with It, part 
of the hydrogen of the water combines with the carbon, 
forming acetylene, the rest of the hydrogen, with the oxy- 
gen of the water, combines with the calcium, forming cal- 
cium hydrate** 
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Target practice with Relays and Keys 





('leff to right) Thm operator punches the problem 
data on tape, which is fed into the computer The 
solution emerges in the teletype receiver Relays 
which figure out the problem look like your dial 
telephone system 


In designing the gun control systems 
vvliich sjiot down enemy planes, Anny 
ballistic experts were faced by long 
hours of mathematical calculations 
So Bell Laboratories developed an 
electrical relay computer It solved 
complicated problems more accurately 
and swiftly than 40 calculators work- 
ing in shifts around the clock 
Resembling your dial telephone sys- 
tem, which seeks out and calls a tele- 
phone number, this brain like machine 
selects and energizes electric circuits to 



corresjxind with the numbers ted in 
Then It juggles the circuits through 
scores of combinations corresponding 
to the successive stages of long calcula 
tions It will even solve triangles and 
consult mathematical tables The 
operator hands it a scries of problems 
with the tips of her fingers — next 
morning the correct answers arc neatly 
typed Ballistic experts used this calcu- 
lator to compute the performance of 
experimental gun directors and thus to 
evaluate new designs 


In battle action, Electrical Gun Di- 
rectors are, of course, instantaneous 
Such a director helped to make the 
port of Antwerp available to our ad- 
vancing troops by directing the guns 
which shot down more than go ' 4 of 
the thousands of buzz bombs 

Evcr\^ dav, your Bell System tele- 
phone calls arc speeded by calculators 
which use electric currents to do sums 
CvTii now, lessons learned from the 
lelay computer arc being applied to 
the extension of dialing over toll lines 


BELL TELEPHONE LABORATORIES 


EXPLORING AND INVENTING. DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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As Reflected In Dichroic Coating 
Of Optics By Swain Nelson 

When the new techniques of coating are correctly executed, precision optics cease merely 
to be highly polished pieces of glass, but take on new properties and offer possibilities 
once undreamed of 

The high type of artistry and technical perfection put into the Dichroic coating of lenses 
by Swam Nelson experts offers amazing selectivity as to light reflections and color trans' 
mission Close to 100% efficiency is the standard result you may expect from Swain Nelson 
Dichroic coating 

Throughout the war period and since. Swam Nelson techniques m coatings of all types — 
including low reflecting coatings, and aluminizing, on a production basis, have attracted 
inquiries and business from some of America's largest manufacturers 

^ SWAIN NELSON COMPANY 

2320 GLENVIEW ROAD GLENVIEW, ILL. 

' Creators and Manufaetur»r$ of 

OPTICAL, ELECTRONIC AND RELATED PRODUCTS 
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A Century of 


Scientific American 


By ALBERT G. INGALLS 


Founded as a Serious Newspaper for All Ameri^ 
cans Whose Interests Were Scientific, Mechanical, 
and Inventive, Scientific American Grew Up with 
Americans Great Age of Invention and Took Promts 
nent Part in that Age. Its Main Aim Has Always 
Been to Report Technological Progress, Especially 
as it Miry Affect Industry 

DECEVB«^R 1945 • SCIENTIFIC AMERICAN 


B efore the writer lies prized, century-old Volume 1 
of Scientific Ameiican, dated 1845 its pages only 
slightly browned with age, otherwise in a perfect 
state of preservation Physically it is almost as large as 
a modern newspaper, its pages measuring 15 fey 20 
inches Its publishers in 1845 thought of it as a news- 
paper and called it such — not a magazine Scientific 
American a century ago was a new species of periodi- 
cal, a specialized newspaper for those Americans whose 
interests were scientific It aimed “to furnish the in- 
telligent and liberal workingmen, and those who delight 
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A view of the 
interior of 
the Scientific 
Americjin of- 
ficefl of the 
period of 1859 
to 1882. Re- 
produced from 
an issue 
dedicated to 
the 50th An- 
nuersary of 
the founding 
of the publi- 
cation 


in the development of those beauties of Nature, which 
consist in the laws of Mechanics, Chemistiy, and other 
branches of Natural Philosophy, with a paper that will 
instruct while it diverts or amuses them, and will le- 
tain its excellence and value, when political and oidi- 
nary newspapeis are thiown aside and foi gotten*’ 

To find enough material of a scientific nature, in the 
limited circumstances of the American community of 
1845, to hll a newspaper with things scientific must have 
taxed the resourcefulness of Rufus Porter, the publisher, 
during the opening year of the periodical Yet within 
only a very few yeais Scientific Ameiican (published 
from 1846 on by Munn & Co ) became so widely known 
that matter of that kind gravitated toward it from all 
over the nation and world 

At first, however, everything scientific, neai -scientific, 
and only slightly scientific had to be grist to Rufus 
Poi ter’s mill, and his struggles to keep the new venture 
alive and make it grow show plainly thiough the pic- 
tuiesque pages of 1845 “If our paper appears dull this 
week,” he confides to his subscribeis in the numbei for 
January 22, 1846, “our readeis must attiibute the fault 
m part to the dullness of oui exchanges, for we can as- 
suie them that we have selected the biightest ideas 
fiom nearly 200 newspapers, besides adding the best of 
our own ” “The best of out own” consisted of oiiginal 
feature articles and, in each number, “two to five oiigi- 
nal engravings, many of them elegant, and illusti ative of 
New Inventions, Scientific Principles, and Curious 
Woiks” In addition theie were “geneial notices of the 
progress of Mechanical and other Scientific Im'prove- 
menta, American and Foreign Improvements and In- 
ventions, Catalogues of American Patents, Scientific 
Essays, illustrative of the sciences of Mechanics, Chem- 
istry and Architectuie, useful information and instiuc- 
tion in various Arts and Trades, Curious Philosophical 
Experiments, Miscellaneous Intelligence, Music and 
Poetry ” For some yeais each early number of Scientific 
American contained a column of poetry — at least it was 
verse — and not a few homilies on temperance Except 
for these components the aim of Scientific Ameiican 
today centers aiound the same scope — things of a prac- 
tical and industrial kind 

The subscription price to Scientific Amei ican was two 
dollars a year and the paper was published weekly The 
publisher announced each week that “any person pro- 
curing two 01 moie subscribeis will be entitled to a 
commission of 25 cents each, Postmasters who will send 
us four subscribers shall be entitled to one copy gratis ” 
Subscriptions were payable in advance and “persons de- 
sirmg to subscribe, hjive only to enclose the amount m a 
letter ** 

Bound volumes of Scientific American occupy m its 


present publication offices 19^ feet length of shelf- 
loom, or 33 V 2 feet if the Scientific American Supple- 
plements are included Often have the editors of the 
present, and no doubt all those of the past, looked at this 
long vista and resolved someday to read all of those 
fascinating back numbers Futile hope^ Merely to turn 
the pages and examine the illustrations would require 
mote time than a modem editor can find But no normal 
human being could even turn over those same pages 
without an urge to stop and read The editor who each 
month selects the items for “50 Years Ago m Scientific 
American,” complains that he suffers perennially fiom 
“repressed complexes” because the pace of modern 
work does not permit him to read evexy word of the 
fascinating volume he surveys 

ELEGANT STREET CAR - The very first number of 
Scientific American affoids as succulent browsing, as 
far as sheer reader interest is concerned, as any in the 
earlier years The “supeibly long, elegant car,” states 
the caption beneath the opening illustration (see front 
cover), “runs with a steadiness hardly equalled by a 
steamboat in still water, while flying at the rate of 30 to 
40 miles per hour Let any person contrast with it the 
awkward and uncouth cars of ’35 ” Perhaps as we lead 
this we smile, yet if we of today smile at the best that 
1845 could offer, we shall in turn deseive to be smiled 
at by someone writmg the stoiy of Scientific Ameri- 
can’s first two centuries in 2045 

Page 2 of Scientific American’s fiist issue tells its 
readers that “Morse’s Telegraph, this wonder of the age, 
which has foi several months past been in operation 
between Washington and Baltimore, appears likely to 
come into general use through the length and breadth 
of out land Arrangements are already made for ex- 
tending the lines to Philadelphia, New York, Albany, 
Buffalo, Spiingfield, Boston, and various other cities 
and sections It is contemplated by the merchants of 
our Western states, to communicate their orders for 
goods, &c, by means of the telegiaph, instead of abiding 
the slow and tedious process of rail-road cars ” 

HEADLINES OF 1845 — The same maiden number of 
SNiiaptific American announced that the Frenchman, 
Martmer, has invented a panoiamic daguerreotype 
camera with a cuived metallic plate 

The skeleton of a carnivorous mastodon 23 feet in 
length IS being exhibited in New Yoik (In 1845 there 
was nobody of scientific knowledge to which publisher 
Porter could turn to check an impossible claim for a 
“carnivorous” mastodon ) 

Pittsburgh is buildmg 26 iron furnaces of 100 tons 
daily total capacity 
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There is much talk of introducing electio-magnetic 
light as a substitute foi oil or gas Just exactly what this 
prophetic terminology connoted, publisher Porter does 
not state in the ancient files of Scientific American nor 
m any piivate lecord piescrved today (Readers in 1945 
sometimes ask for “further data from your lecords” on 
things published in Scientific American as long ago as 
half d century, but even cditois grow old and die, and 
so do records ) 

On the third page of his first numbei the publisher 
editorialized scornfully concerning Signor Muzio Mum’s 
travelling balloon “We doubt,” he asseited, “whetltier 
any event has transpired within the present century, 
which has served to develop the ignorance and gulli- 
bihty of the citizens of New Yoik to so great an extent 
We have been distressed with mingled sensations of re- 
gret and vexation to witness the applause of several of 
the most popular city papei s and men of reputed scien- 
tific attainments, appended to a certificate of commen- 
dation of a contrivance, the futility of which is so pal- 
pable at first sight, that a schoolboy of nine yeais would 
be censuiable for dullness if he could not icadily detect 
It ” 

The futile contiivance consisted of a spheiical balloon 
to be steeled by a i udder Suspended beneath the bal- 
loon was to be a sloping oi diagonal plane When the 
balloon ascended, the sloping plane would drive it 
ahead When it had iisen to its summit its gas was to be 
valvcd off and the plane was to be icvcised, so that the 
descending balloon would pioceed an equal distance 
farther, or, in all, two miles’ “Such, gentle leadei,” 
ridiculed the infant anccstoi of the magazine you aie 
reading, “is the invention which has been lauded by oui 
first men and biggest cditois ’ 

AIR-MINDED --Not, howcvci, that Scientific Ameii- 
can »vasn’t an -minded even in 1845, foi it offered, three 
weeks later, on its own account, “an aeiial apparatus, 
on peifectly lational and established pimciples, that 
will navigate the atmospheie at a speed of 100 miles 
pel hour, with safety, and peifectly at command, being 
m the form of an elliptic spindle, with a buoyancy of 
several tons, and duven foiwaid by the powci of steam, 
applied to levolving spiial fan-wheels” 

The original woodcut of this proposed prc-Zeppelin 
dirigible deserves detailed and serious examination 
The 350-foot balloon was to be hydrogen-filled It was 
to be stiffened by 16 lengthwise rods — would weigh 
7000 pounds and, with a 12,000-pound lift, would cairy 
a net useful load of 5000 pounds A two-horsepowei 
engme which, the publishci stated, “we have already 
constructed and put into operation, if built on a scale 
of ten horse-powers, or if necessary, 30, will diive two 
spiral fan-wheels 16 feet in diameter and give a speed 
of 100 miles an hour ” 

The rudder was to consist of “two broad fans, mter- 
secting each other at right angles in the centre and con- 


trolled by foui lines, by means of which the diiection 
of the balloon is completely governed, both horizontally 
and vertically ” 

“This balloon being once inflated, is intended to be 
kept constantly afloat, being moored at about 100 feet 
distance from the earth With regard to the safety of 
this mode of travelling, we think theie will be less 
danger in travelling ovei land in aerial vessels, than 
theie now oidinarily exists in tiavelling by eithei sail- 
ing vessels or steamboats The balloon will be furnished 
with an improved paracliute foi each passenger ” 

Not so accurately prophetic was a note in Jun^, 1846* 
“A project is in motion foi extending a submarine 
[telegraph] line between England and France, but it is 
known to many m this countiy that the plan is utteily 
impracticable ” 

UNINHIBITED — In Volume 1, No 5, the outspoken, 
uninhibited pubhshei Portei hotly resented a slur “It 
is repoited,” he wrote, “that oui paper is generally well 
received, and that the only objection is that *it is too 
small foi the price ’ We can assure the stupid, senseless 
boobies who make this asseition, that we could afford 
the paper at one-half its piesent puce, if wo weie to 
fill two pages with adveitisements We should be glad,” 
he continued, “to instill a little common sense into the 
heads of such people, but as that cannot be done, we 
must be content to fuimsh oui paper to those who 
have moie considei ation than to suppose that the value 
of a papei is in pi opoi tion to its dimensions ” 

Aftei eight weekly numbei s of Scientific Ameiican 
had appealed the peiiodical’s publication offices m 
Spiuce Street, downtown, then mid-town, Manhattan, 
wcic completely burned with a loss of $700, and there 
was no insuiancc The account in Scientific Ameiican 
a month latci when publication was resumed tells us 
that the flames wore at the door, and that Rufus Porter 
siezed his most valued possession, the subscription list, 
and rushed through these flames to gain the stiect A 
young man who was present m the offices hod asked 
foi a pail of water and then impulsivel> followed the 
pubhshei to the street “without attempting an applica- 
tion of it” Thus from the flames weie rescued two 
things, the infant Scientific American’s precious sub-^ 
SCI iption list and a bucket of water 

In June 1846 Rufus Porter, so Scientific American^ 
columns state, made a business trip to Washington, 
D C , and conveniently skipped a number, apologizing 
in the next numbei This precedent will be an attractive 
one to all cditois of the piesent day’ 

ENTER MUNN AND BEACH --When Scientific Amerf- 
can was almost a year old, publisher Porter sold his 
mteiest to two young men, Orson Desaix Munn, grand- 
fathci of the present editoi and publisher of the same 
name, and his school-mate chum, Alfred Ely Beach The 
sale puce was $800, roughly equivalent to $1500 today, 



Reproduction of **The Travelling Balloon,'^ from the September 18, 1845 itane of Scientific American Said the 
editor: •‘The practicability of travelling rapidly and safely through the air, has been already estoblished* so far aa 
theory can esublish a point without actual experiment | and the principles . . . have been already thus established 
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and each man put up half of this amount Munn was 
then twenty-two and had recently come to New York 
City from Monson, Massachusetts, where his father had 
a general store Educated at Monson Academy, at 19 he 
had become a clerk m a bookstore m Sprmgfield, Massa- 
chusetts This experience eventually proved to be the 
turning point m his career, for he then became con- 
scious of the future possibilities m the publishing field 
He later became a clerk m his father’s store and post 
office in the village of Monson and, being gifted with a 
keen busmess sense, he built up a reserve of capital 
which >vas later to start him in business in New York 

Mr Munn lived to the age of 82, dying in 1907, and 
devoted much of his time during the intervening 60 
years to Scientific American as Editor His active span 
therefore covered fully 60 percent of the whole life span 
of Scientific American even today 

Alfred Ely Beach was only 20 years of age when 
Munn and Beach bought Scientific American, but he 
had spent some yeais in the office of the New York Sun, 
then owned by his father This experience was of great 
value in building up the small and still struggling little 
journal which they had purchased And because Beach 
was a minor, his friend, Orson Munn, held his half in- 
terest m trust until he became of age, at which time a 
partnership was formed known as Munn & Co This 
name appeared on the mast head of Scientific American 
from then on 

Mr Beach, a man of versatile mechamcal bent and 
great perspicacity, was intimately associated with the 
preparation and prosecution of patent applications 
which were later undertaken by the ongmal partner- 
ship and gave personal supervision to practically all the 
patent work done by the staff of Munn & Co Beach, in 
fact, was a mechanical genius and an mventoi of note, 
among his mventions being one of the first successful 
typewriters and the timneling shield which made pos- 
sible the construction of his experimental subway under 
Broadway, the forerunner of New York’s present vast 
subway system 

Under the management of Munn and Beach, the 
periodical lost in quaintness, picturesqueness, and ex- 
centricity but gained in authority and standmg No 
further editorial referring to “stupid, senseless boobies” 
and the like are to be found in the files, indicating, no 



A cross-sect ion of the tunneling machine or shield, 
invented by Alfred £. Beach, of Scientific American, 
and which not only made possible the construction of 
the first subway but served to establish the principles 
upon which tnnnek are still constructed. The cutting 
edge of the shield is at B and the hydraulic Jacks at D 

doubt, that Rufus Porter, while remaining for a time as 
Editor, was under constraint of greater decorousness 
and dignity imposed by the new owners After another 
year he dropped out of the picture entirely, and there- 
after Scientific American was urbane and — from the 
point of view of an antiquarian searchmg a century 
later for entertaining evidences of rugged individuality 
— considerably less provocative of chuckles 

INVENTION AND INDUSTRY — The page size was 
reduced to 11 by 15 mches and the number of pages was 
increased from the previous four to eight Paper and 
printing were improved, more illustrations were pre- 
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sented, and from this time on emphasis was placed by 
publishers Munn and Beach on the interests of the 
American inventor and American industry. 

A resident correspondent was placed at Washington, 
“in a measure connected with the Patent Oflace,** so that 
“our subscribers will receive the first notices of any 
NEW INVENTIONS The latest foreign mventions will 
also be published ” This was the beginning of the Patent 
Department of Scientific American and for 50 years the 
two went hand m hand — the periodical proper, largely 
devoted to mechanical progress and its Patent Depart- 
ment for encouraging and assistmg inventors 

Steadily the new journal, unique in kind, grew in size 
and circulation In 1849 the circulation was 12,000, in 
1852, 16,000 Little attention was paid to advertising 
In fact, advertisers were made to jump through the 
hoop as soon as circumstances permitted The advertis- 
ing section each week, beginning m 1853, carried a rate 
card An advertisement of four lines cost for each in- 
sertion 75 cents, 16 lines, $3 00 Accompanying this is a 
statement which may give modem advertisers cause 
to grin or faint “Advertisements exceedmg 16 lines,” 
it stated flat-footcdly, “cannot be admitted, neither can 
engravings be inserted in the advertising columns at any 
price ” With such a frank, forthright statement there 
could be no possible argument 

needed by manufacturers — An editorial m the 

same number called attention to the new typography 
and papei, and the fact that the weekly paper had been 
increased to 16 pages “All the patent claims, as issued 
by the Patent Office, will be published every week,” the 
publishei stated “On this account no man interested 
in patents should be without the ‘Scientific American,’ 
and if he is wise for himself he will not There is not 
a manufacturer in our land but should be a subscriber, 
because he does not know but some invention may 
come up any week to revolutionize his whole busmess 
It affords us no small degree of pleasure to know that 
many of our countrymen have been greatly benefitted 
in circumstances because they have been readers of the 
‘Scientific American ’ ” 

Thus this periodical has had a large share in the 
industrial growth of the nation It arrived on the na- 
tional scene at a period in our history when invention 
was on the upsurge, yet when a virtual vacuum existed 
in legard to media of publication through which me- 
chanics — today we would refer to them as mechanical 
engmeers and machine designers — could meet, as it were, 
m the printed page It became the focus of their common 
mterests and thoughts and, smee the enterprise was 
conducted m an intelligent manner, it thrived lustily 
“There are at least 6,000,000 of our population interested 
in mventions, science, chemistry, and the arts,” con- 
tinued the editorial of 1853 The great wave of mven- 
tion which was to place this land m the industrial lead 
w;as advancing and Orson D Munn and his partner 
Alfred E Beach, the country youths, were on the spot 
at the coirect time waiting for it 

A century ago patent attorneys were practically un- 
known Isolated mventors scarcely knew how to pro- 
ceed to obtain patents and market their mventions 
Scientific American, with a corps of experts on patents, 
became the genial sim that thawed out this frozen 
ation A former commissioner of patents. Judge Charles 
Mason, was retained to head the periodical’s patent de- 
partment and a branch office, an essential link, was 
opened at Washmgton The busmess grew rapidly. At 
the time of Munn’s death 60 years after he and Alfred 
Beach purchased Scientific American for $800, more 
than 100,000 patents had been secured for clients. 

Naturally, Scientific American’s offices soon became 
a resort of mventors m the flesh, and to them came men 


now famous m the histoiy of invention to consult with 
the editors — Capt. Ericsson, Commodore Stevens, Capt 
Eads, Samuel Morse, Ehas Howe, Dr Gatling, Peter 
Cooper Hewitt, Thomas Edison, and others of fame In 
1877 Edison dropped in one day with a package under 
his ai m, which he silently proceeded to open and whose 
content announced itself, when he turned a crank, by 
speaking the words “Good morning How do you do? 
How do you like the talking box*^” 

The editors of Scientific American weie among the 
first to see the Edison incandescent lamp, the Edison 
dynamo, and the Edison moving picture machine, the 
“kinetoscope,” and it is not Edison’s fault that we do 
not today go to the “kinetos” instead of the movies 
For half a century the Patent Department of Scien- 
tific American flourished and Munn & Co served the 
dual purpose of publishing an industrial journal and 
advancing the interests of mventois Then, in the early 
1890*s, a law was passed prohibiting corporations from 
practicing before the Patent Office At that time a sepa- 



A typewriter of 1B88. Fnndamental to its development 
were radial swinging arms, invented by A. E. Beach 


rate partnership was formed to repiesent mventors. 
Fiom then on the publishing and patent businesses went 
their separate ways, operatmg as scpaiate entities The 
present patent partnership is piacticing under the name 
of Munn, Liddy, and Glaccum, with Orson D Munn, 
editor of Scientific American, as seniot membei of the 
firm 

THE '^SUPPLEMENT” — In 1876 Munn & Co an- 
nounced the publication of the new Scientific American 
Supplement, uniform in size with Scientific American 
and designed “to meet the wants of that large class of 
leaders who desire an increased supply of scientific 
information, particularly of the more technical and de- 
tailed character It will embrace a wide range of con- 
tents, covermg the most recent and valuable papers by 
eminent writers in all the prmciple departments of 
science and useful knowledge, to wit chemistry and 
metallurgy, mechanics and engineering, electricity, light, 
heat, sound, architecture, technology, agriculture, 
botany, and horticulture, rural and household economy, 
materia medica, therapeutics, hygiene; natural history 
and zoology, meteorology, terrestrial physics, geogra- 
phy; geology and mineralogy, astronomy ” The Supple- 
ment was a separate and mdependent publication 
No longer by then was a “scientific newspaper” 
unique Other more technical scientific journals were 
being published and from these journals Scientific 
American Supplement reprinted the best selections, 
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with credit to the sources Thus, by subscribing to the 
Supplement the reader could, in a sense, subscribe to a 
htmdred other periodicals The Supplement was pub- 
lished until 1921 when it, the child, was swallowed by 
its parent pubhcation which at the same time became a 
monthly Explammg this major change of policy the 
editor candidly stated 

“The position which the scientific weekly held 75 
years ago, when Scientific American was founded, is no 
longer a sound one In 1845 the daily pi ess gave the 
scantest space to scientific matters There was a real 
demand for a periodical devoted to the world’s advance, 
which should not necessarily give such complete or such 
technical statements as the quarterlies and the annuals 
of the physicist, the chemist, the electrician and the 
engineer, but which should enable the intelligent reader 
to get a sufficient idea of what has been done, and to get 
this without waiting for the appearance of quarterly or 
annual 

“Today,” it continued, “this is no longer the case 
The daily papers give excellent summaries of every 
scientific advance, of every invention of importance As 
regards the mere function of a scientific newspaper, it 
IS obvious that the weekly can compete with the daily 
no more than the quarterly could compete with the 
weekly ” 

In short, times had changed and the serious news- 
paper for scientific Americans of 1845 no longer en- 
joyed near uniqueness A formidable book of 814 large 
pages, entitled “A World List of Scientific Periodicals,” 
pubhshed in 1934 (Oxford University Press) and avail- 
able for inspection in most large libraries, contams the 
names of over 36,090 (thirty-six thousand) such jour- 
nals 

TODAY — Scientific American has traced the trends of 
the times for 100 years, often presenting its reports m 
advance of the obvious trends And its development into 
the mdustnal publication of today is just as logical as 
was its change from a weekly to a monthly in 1921 
Before Scientific American was started in 1845, there 
was no “newspaper” that served the mechamcally in- 
clmed, m 1943 (when the last major change was made 
m the editorial policy of Scientific American) there 
was no general magazine that lepoited technological 
progress for Industry as a whole It was simply a case 



Edison** phonogniph of 1877 


of expanding industrial coverage, with a background 
of almost a century of experience in mdustrial report- 
ing Into that niche, which sorely needed fillmg, stepped 
Stuentific American with its September 1943 issue To- 
day, with a group of contributmg editors who are in- 
dividual specialists in their own industrial fields, its 
pages not only report technological progress but in- 
terpret and prophesy as well 

Thus Scientific Ameiican is the dean — the senior — 
of American periodicals of popularized science Even 
among professional scientific journals only two m this 
nation. The American Journal of Science, largely de- 
voted to paleontology, and The Journal of the Franklin 
Institute, are older A century of Scientific American’s 
history is essentially a century of American advance m 
scientific and industrial progress and invention 

OTHER ACTIVITIES — It is only natural that a suc- 
cessful magazine publishing concern should at times 
turn its attention to book publishmg But reaUzlng that 
its first interests should concern the magazine, Munn & 
CJiK, Inc , has entered the book field only m a specialized 
way^ For over 40 years “The Scientific American Cyclo- 
pedia of Formulas” has been the standard of its kind 
and has run through many editions and hundreds of 
thousands of copies “The Finger Print Instructoi” is 
another volume that has made an enviable name for 
itself It IS the “Bible” of police departments throughout 
the country and is widely used by the FBI, in private 
detective work, and in industrial plant personnel op- 
erations 

In the middle 1920’s the wiiter of this article pub- 
lished a senes of articles in Scientific American on the 
subject of amateur telescope making As a result, fur- 
thei information was requested by readers in such great 
numbers that a small book entitled “Amateur Telescope 
Making” was published Its reception was warm in- 
deed, and now, in its fourth edition, it is a full-grown 
volume of some 500 pages The appeal of telescope mak- 
ing as a hobby requiring more than usual application 
and dihgence was so great that the elementary book was 
followed by a companion volume named “Amateur 
Telescope Makmg — Advanced” Altogether, these two 
books have been sold m numbers approximatmg 40,000, 
with an estimated readership of several times that num- 
ber 

At the height of enthusiasm for amateur photography 
in the decade prior to World War II, Scientific Ameri- 
can published a book for those camera users who wanted 
fundamental instruction m how to get the best results 
from their cameras This volume, “So You Want to Take 
Better Pictures,” is now out of print 

In addition to its specialized activities m the book 
publishing business, Scientific American conducts a book 
department for the benefit of its readers In connection 
wiA this service, its pages each month carry a number 
of reviews of the latest books of other publishers These 
Books are made available through the department, 
whose slogan is* “We can supply any book m print.” 

PRESENT EDITOR — Since 1923, Orson Desaix Munn, 
grandson of the Orson Desaix Munn, the enterprising 
clerk m a Massachusetts village general store who al- 
most a century ago purchased a half interest in a strug- 
glmg new venture and built an institution that is closely 
linked with the history of American mvention, is the 
publisher and editor of Scientific American First as- 
sociated with the pubhcation m 1906, he succeeded to 
the editorship upon the death of his uncle, Charles A 
Munn, to whom the publication was bequeathed by its 
builder Mr Munn is a Princeton graduate Litt B , and 
holds the degrees of LL B from New York Law School 
and ScD from Oglethorpe University 
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On Jkly 4* 1853 R T Crant poured the 
first metal m tbts little foundry m Chicago, 



90 YEARS 


^ .Service 4c Qiuiu4tr^ 


W^hen R T Crane poured a ladle of molten metal 
into a flask 90 years ago, a new industry was born. 

The growth of Crane Co. from 1855 to 1945 is 
symbolic of the growth of America’s dominance in 
;>roduction, for Crane Co 's business is supplying the 
r^alves, fittings and pipe so essential to all industry. 

It is difficult to conceive of any production that 
loes not depend to a greater or lesser extent on pip- 
ng. For wherever steam, air, water, oil or any other 


liquids flow, It takes valves, fittings and pipe to con- 
trol them. 

Today Crane Co is the world’s largest producer 
of flow control equipment and the Crane line in- 
cludes. “everything foi every piping system.” Users 
of piping are familiar with Crane’s nation-wide dis- 
tribution that serves every section of the country 
through Crane Branches and Wholesalers 
Crane Co., 836 S. Michigan Ave , Chicago 5, 111* 
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ENGINEERING Conducted by EDWIN LAIRD CADY 


Lost Wax At Work 


Precision Costings Con be Produced Commerciolly by the Lost-Wax 
Process, but Not by "Off-in-the-Corner" Methods. Moteriols, Process- 
ing, ond Equipment Must be Fitted to the Job in Hand, then Lost Wax 
Can Show Outstanding Advantages in Accuracy and Scrap Reduction 


A PRECISION cam which is the 
nerve center of a business 
machine needed 59 machining op- 
erations to complete it Many of its 
dimensions had to be held to plus 
or minus 001 inch on irregular con- 
tours, its cam-curve outside di- 
ameter was held to plus or minus 
0025 inch 

Naturally, the precision machin- 
ing spoilage was high Allowing an 
average of less than 1 percent spoil- 
age on each operation, the manu- 
factuier would have to start with 
150 blanks to obtain 100 finished 
cams The oveiall costs added up to 
moie than $7 a cam 


serves and profits But before such 
a result could be had the company 
management’s attitude toward lost- 
wax casting had to change 
This company, like so many 
others, had regarded lost-wax cast- 
ing as an **off-m-the-corner” process 
which almost anybody could operate 
After all, the process is simple A 
full sized model of the part to be 
produced is made of metal, wood, or 
any other hard mateiial, a mold 
with suitable parting faces and sprue 
passages is made around that model, 
wax is poured into the mold to 
for m a wax replica ^ of the model 
with Its sprue, several wax replicas 



Right Gas 
fired 
melting 
furnace 
for metols 

Left Gas 
fired 

furnoce for 
eliminating 
wax 


Lost- wax* pi ecision-in vestment 
castmg allowed this cam to be made 
for $1 25, a savmg which when mul- 
tiphed by the usual factors applying 
to manufacturing mark ups would 
provide $15 a machine for reducing 
the retail price, or for sales and 
advertising costs, or for cash re- 


*Por further details on the lost-wax caetinv 

process itself see page 250 Eiecember 1943 issue 
Ql Bdintitin Amerloan — Editor 


are ganged by connecting their 
sprues, an investafn^nt is poured 
around the gang, the investment is 
hardened or “set,” the wax is evacu- 
ated by putting the investment into 
a furnace and “losmg” the wax up 
the chimney as gases, and molten 
metal is pioured mto the investment 
where the wax used to be. Cut or 
dissolve the investment away from 
the cooled metal, cut away the 


‘sprues, and there are the finished 
parts with accuracies as close as 
001 inch 

The trouble is, molten metal will 
shrink, swell, warp, turn porous, 
become harder in some areas than 
in others, and play other tricks as it 
cools The company tried the 
simplest form of lost- wax precision 



castmg and found the part coming 
neither to tiue dimensions nor to 
acceptable metallurgical quality 

DOWN TO CASES— Then a con- 
sultant, Baker Castmgs, was called 
in and real work began First of all, 
the model had to be changed This 
company had beheved the all too 
common statement that a finished 
piece of correct dimensions is all 
that IS needed for a model, and had 
proceeded accordingly in its origmal 
experiments And, of course, where 
the finished dimensions do not need 
to be too close, as m ornamental 
parts making, the origmal piece does 
make a good model But if cast metal 
is gomg to shrink or warp as it 
cools then the dimensions of the 
model must be changed to com- 
pensate for all that 
The final model was by no means 
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<1 <a& 0 4 ^ 

Courteiy Eooo Htrh Frequency Oompeny 

Smoll parts like these, made from brass, gold, platinum, high carbon, and stain- 
less steel are quickly and accurately produced by the lost wox method 


an ovei sized version of the oiigmal 
piece Lost -wax casting has methods 
which can improve products as well 
as its own processes, and some of 
these were used 

A pm, for example, ground to 
0001 -inch accuracy, was used in 
the molding of the wax replica 
Withdrawn from the wax, this would 
leave a hole which would be within 
the tolerances usually achieved by 
gnndmg-in the finished piece The 
hole would be only three sixteenths 
of an inch in diameter and eccentric 
to the axis of the piece, a size and 
position in which mternal grinding 
would have been so difficult to per- 
form that the company had aban- 
doned the idea of obtaining the de- 
^-ired accuracy 

Soft rubber plugs attached to 
parts of the mold could be pulled 
stiaight out from the wax replica, 
causing them to stretch thin and 
come out without distorting the 
wax One of these was used to form 
an oil hole which followed a curved 
path from the side of the piece to 
an oil chamber at the axis of the 


piece Another foi med the oil 
chamber itself, with the chamber 
lecessed in the middle of the piece 
and the sides coming down to the 
diameter nee4ed for the bearmg 
bushing Without this lubricating ar- 
rangement a costly di illed shaft 
would have had to be used to get 
oil to the bearmg 

Arrangements like these bi ought 
the company’s product designer into 
the picture Lost-wax casting was 
ceasmg to be considei ed an odd 
process for the production of one 
part of the machine, and was work- 
mg its way into the family of proc- 
esses which make up the production 
line 

NEW MATERIALSr-With the new 

process a stainless steel could be 
used for the part In fact, lost- wax 
precision casting works better on 
alloy steels than on plain carbon 
ones This brought the metallurgist 
into the picture 

Finally came the question of the 
cost of lost -wax castmg It was found 
that, although this process can hold 



Oounacy 1000 High rrmiueney Oomimny 

Above: Electric equipment for loit wox costing— costing modiine, furnace, hign-fre- 
quency converter Above, ot the right Unit for moking four castings at once 


very fine tolerances on nearly any 
dimensions, the cost can be less if 
some tolerances aie allowed to go to 
plus or minus 005-mch Further- 
more, although lost wax does pro- 
duce smooth surfaces and true ones, 
it does not yield the brightness and 
sn^voothness of ground ones 

The decision was made to cast 
some dimensions slightly oversize 
and grind to size And thus lost- 
wax precision casting worked itself 
fully into the pioduction scheme as 
a production line process which 
feeds othei piocesscs Part of this 
decision involved selecting the con- 
ti ol surfaces by which the parts were 
to be chucked for grinding These 
had to be made of ample widths 
for the collets to grasp, and of high 
concentric as well as parallel and 
dimensional accuracy Further modi- 
fication of the part was involved, 
with consequent remaking of the 
model 

Installation of a lost-wax pre- 
cision castings department was con- 
sidered But the company found that 
the lost-wax process shares one con- 
dition with forgings, screw machine 
products, stampings, die castings, 
plastics, powder metallurgy, and 



other lesources available to ma- 
chmery makers There are wide 
varieties of equipment available, 
and each variety has special but 
limited abilities Contractors which 
devote themselves mostly or wholly 
to this process either have widely 
varied and highly adaptable equip- 
ment to take on almost any job, or 
else have highly specialized produc- 
tion hnes to do extra good work 
at low prices on narrow ranges of 
products 

Equipment for lost- wax castnig 
has been developed very rr^jidly 
Old-hne makers such as the Jelrus 
Company, Ecco High Frequency, 
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OourtMj The Jelrue Oompeny 
A typical set-up showing the mold, 
investment, and the molded product 


Detroit Dental Casting, Kerr Dental 
Manufacturing Company — to men- 
tion d few — and specialized supply 
houses like Alexander Saunders and 
Company, arc bringing out new and 
improved equipment and supplies at 
a rapid pace Companies like Gen- 
eial Electric have some new prod- 
ucts and ideas too Furnace makers 
such as Baker are well up m the 
equipment parade 

The fact is, lost-wax precision 
casting equipment and supplies form 
a tempting target for every phase of 
industry 

BETTER WAXES— The waxes-pn- 
maiy key to the whole process — 
must be capable of assuming high 
dimensional accuracies when forced 
under pressure into molds, of flow- 
ing into all sorts of recesses, of as- 
suming true shapes when molded to 
such contours as threads and sharp 
1 e- entrant angles, and of holding 
their accuracies and contours while 
handled by human hands or by ma- 
chines at room temperatures Many 
improvements in the qualities and 
abilities of waxes have been made, 
others are on their way Waxes 
which, for example, will have higher 
structural stabilities in thin walled 
sections, soon will be obtainable 
Some of the “waxes” are plastics 
which contain little or no wax Com- 
plete evacuation ability is needed 
too 

Investment materials, the second- 
ary key to the process, are another 
chemist's opportunity in this busi- 
ness The investment must be 
capable of penetrating to the tiniest 
openings in the contours of the cast 
wax, and of holding true contours 
while being set, while the wax is 
being gasified and evacuated, and 
while heavy and somewhat abrasive 
molten metal is being forced into 


them under the pressure of cen- 
trifugal casting The higher the 
structural strength of the invest- 
ment the more complex, heavy, and 
large can be the castmgs — structural 
strength of the investment also af- 
fects the final accuracy of the part 
Most of the present mvestments are 
ceramics But graphite-bearing ma- 
terials and others familiar to metal 
mclters are in use And in the test- 
tube stages are investments which 
under the heat of the molten metal 
will release nitrogen or other oxida- 
tion inhibiting materials, or will pro- 
vide other special surface conditions 
on the finished parts 

Molds for castmg the waxes aie 
receiving a great deal of study They 
can be made of pl^tic rubber which 
later is vulcanized — this is the 
simplest process Some of the bis- 
muth alloys are especially adapted 
to the making of these molds Molds 
can be made of hydrolized wood 
(Masonite die stock) or of plastics 
They can be simk by die makers 
In short, molds foi wax are a brand 
new invitation to imaginative tool 
and die makers 

The metallurgical end of the pro- 
duction line offers chances for metals 
makers and users to remove some 
of their limitations The fact that 
the process works at its best on some 
of the metals which are too high in 
meltmg points for die casting, too 
tough for machining, and too hard 
or brittle for extrudmg, already is 
putting plenty of lost-wax casting 
equipment to worl^ The advantage 
that this piocess wastes only the 
very least of the raw material to 
machining chips and to scrap of any 
kind, is one of the mam reasons 
why it appealed to jewelers and 
other users of precious metals before 
it did to industry as a whole Lost 
wax will solve many a problem 
where scrap losses are headaches In 
many a shop it will be practical to 
transfer chips, rod ends, and other 
scrap to the lost- wax line and con- 
vert them mto useful products with 
raw materials costs calculated at 
only scrap values 

EQUIPMENT — Any kmd of metals- 
heatmg equipment from oil and gas 
furnaces to dielectric and induction 
heaters can find employment here 
Some of the most modem equipment 
uses electrical means to melt the 
metal right in the casting machine 
It is practical to run such equip- 
ment — and other casting equipment 
— in controlled atmosphere chambers 
and thus get rid of oxidation and 
other problems. 

Supersonics methods can improve 
both the applying of the investment 
and the*casting of the metal Elec- 
tronic equipment, psrrometers, and 


other contiol instruments find plenty 
of use 

With all of this available the com- 
pany decided to use the services 
of a contractor until it got its lost- 
wax precision-casting experience 
iipened a bit, after which it could 
install its own equipment But many 
another company has gone through 
this stage and has its own lost-wax 
pioduction line going at full speed 

Lost wax may yet solve such prob- 
lems as the commercial molding of 
such exceedingly hard materials as 
boron carbide (Noi ton's “Norblde”) 
But aside from these experimental 
opportunities, the process has a firm 
giip on production lines, it has come 
of age 


^ ^ ^ 

SENSITIVE CONTROLS 

Use Principle of Changing 

Electrical Resistance 

Use has long been made of the fact 
that a wire of a given alloy changes 
its electrical resistance with changes 
in diameter One veiy old use, for 
example, is to find the diameter of 
an extremely fine piece of wire of 
a known alloy by measuring its 
resistance and from this computing 
its diameter 

With the diameter and alloy al- 
ready known, use has been made 
of this same principle by measuiing 
the amount which the wire stretches 
under extremely minute movements 
of devices which are attached to its 
ends When the wire stretches, its 
diameter is reduced and its electri- 
cal resistance goes up Movements 
of as little as one millionth of an mch 
of the devices fastened to the wire 
ends can thus be accurately meas- 
ured 

Instruments which measure tiny 
movements in this way are known 
as strain gages They measure the 
bendings or twistings of machine 
parts such as gears and shafts under 
load, and thus permit the accurate 
analysis of the loads which these 
parts are carrying 

Latest reported use of the princi- 
ple IS to measure the pressures of 
gases or liquids The pressure is 
imposed on a member to which one 
end of the fine wire is attached, this 
member moves accordingly, and the 
amount of its movement and there- 
fore of the pressure upon it is found 
by the changing electrical resistance 
of the wire. By electronic means this 
resistance change is amplified and 
caused to register on instruments, 
to make records, or to operate pres- 
sure regulating automatic controls 
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In a laboratory a SCIENTIST experiments 
with a new gas turbine . . . using heat-resist- 
ing alloy blades that are far stronger, at 
1100°F., than ordinary steel at room 
temperature, 

the name on the GAS TURBINE is Westinghouse 




On a special machine a TESTER employs 
a Rototrol* for smoothly accelerating a large 
flywheel, used in determining the wear- 
resisting qualities of tires and brakes - 
for huge air transports of the future. 

the name on the ROTOTROL is JVestin^house 


* Registered Trademark 


In a power plant an ENGINEER uses a 
Vibrograph to “take the pulse” of a turbo- 
generator . . . recording the smallest 
vibrations as a trace on a film. 

. . the name on the VIBROGRAPH is Westinghouse 




a manufacturing plant an OPERATOR 
uses an electronic control to regulate 
the movement of milling cutters— 
for accurately machining irregular con- 
tours on giant ship propellers. 


the name on the ELECTRONIC CONTROt 
IS Westinghouse 


TVfestin^oiise 

nMNTS IN 29 CITIES OmCI$ fVftrWNItl 


NOW THAT Westinghouse technical skill and “know-how” have 
turned from war to peace, expect great things from Westmg- 
‘ house research, engineering, and precision manufacture. 


Titnt in JOHN CHARLES THOMAS Sunday, 2 30 pm, EST, NBC * TED MALONE— Mon thru En , JJ 45 ant, EST, American Notwork 
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fUSTlCS Conducted by CHARLES A BRESKIN 


Your Home 


In Plastics 


Combining Utility With Beauty, Plastics Provide the Modern Smoll 
Home With Transporent and Rodiant Walls, Giving the Illusion of 
Greater Size to Small Rooms Plastics are Used for Cur n Rods, Color- 
ful Door Knobs, Drawers, Trays, Tables, Chairs, an Bath Fixtures 


M aterials of all types have 
come in for their share of 
over-publicity in the last few years, 
and plastics are no exception To 
counteract this condition and to help 
crystallize the thoughts of architects, 
homebuilders, and buyers alike, 
Rohm and Haas Company has de- 
signed and constructed a full-size, 
compact bedroom, dressing loom, 
and bath assembly wherein plastics 
are used only wheie good engineer- 
ing and good design dictate This 
exhibit was constructed with one 
idea m mind — to show how plastics 
in home furnishings and fittings can 
be at once functional and attractive 
Plexiglas IS the only plastics used 
throughout this mock-up except for 
the bedroom curtains, spread, and 
pillow covers which are of Koro- 
seal, and the Tego-bonded plywood 
closet doois and dresser fronts 
Most home- owners have frequent- 
ly longed for an air conditionmg unit, 
particulaily for the bedroom Yet 
too many have refrained fiom posi- 
tive action in the belief that such 
equipment would be overly costly, 
both to install and mamtam, An un- 
usual solution to the problem is this 


exhibitiou bedroon;^ which is held to 
a size that peimits the efficient op- 
eiation of a small air-conditioning 
unit at a cost appi oximatmg that of 
a home refrigerator 

LIMITLESS ROOM-To offset the 
closed-in feeling that might come 
with solid walls enclosing such a 
small space and to give the impres- 
sion of almost limitless room, curved 
tianspaient sheets of acrylic are 
used as the front and half of the 
Side paitition This space-giving 
wall sweeps aiound to the doorway, 
also of acrylic sheet, which opens 
without noise oi effort by sliding 
back into the other wall 
An equally unusual featuie of 
this sleepmg loom is the muial that 
arches over the head of the bed 
In the exhibition room the scene 
IS one of lighted skyscrapers leach- 
ing up into the darkened night, but 
the design could as easily have de- 
picted a green foiest, a surrealist’s 
nightmare, or a child’s dieam 

The thiee-dimensional effect and 
the startling lighting achieved m 
this mural aie produced by engrav- 
ing or painting individual elements 


of a design on separate pieces of 
acrylic, each the size of the finished 
mural The top layer was painted 
with buildings for the foreground, 
the next sheet with those a bit fur- 
ther away, while the last or bottom 
piece was entirely covered with a 
solid background of color Small air 
spaces separate the various layers 

Befo» e insertion into position in 
the w« ', the mural is provided with 
edge-1 hting from a concealed hght 
source Hiis light causes the etched 
or pai ed portions of the acrylic 
sheets > glow and sparkle, pro- 
duemg c muial that is truly “painted 
in light 

Small by comparison with the 
mural but equally well designed for 
the role it must play is the clear 
flat strip of aciylic which acts as a 
curtain rod for the multi-striped 
polyvinyl chloride curtains in the 
bedroom More impoitant than the 
ease of installation is that these 
pieces can be wiped clean with a 
damp cloth And, unlike the usual 
metal rod, this flat stiip of trans- 
parent plastics sheet blends in- 
to the walls and diapes, and does 
not need to be painted 

The knob of the bedioom door is 
a good example of the ingenious 
manner in which color is combined 
with transparent acrylic materials 
To get a colorful, workable unit, 



Medicint cobinet has shalvet in th« door Tb# daii^n It tfehtd Info fht ciirvtd shower woll 
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a hole was bored in a clear acrylic 
knob, then color poured into the 
space in the center Another piece 
of this same plastics, pierced by a 
bolt, was next cemented to the knob, 
acting as a means to attach the knob 
to the door 

SPACE-SAVING — As m the entire 
assembly, not an inch of space is 
wasted m the attractive dressing 
loom Even a projecting corner just 
outside the bedroom door has been 
put to use as a hat and shoe closet 
Double doors swing wide to reveal 



Air conditioned spociousness in the 
bedroom is achieved by use of trons- 
porent wolfs ond edge-lighted mural 


a hat lack at the top and three ticis 
of tiansparent acrylic shoe shelves 
at the bottom About 15 small hats 
can be accommodated on the re- 
volving rack, which is formed en- 
tirely of acrylic bars 
Near the dressing table is a double 
closet which provides space for full- 
length evening gowns, street- length 
dresses and suits, and men’s coats, 
trouseis, and so on Drawers, built 
in above the clothes rack and on the 
floor, add considerably to the stor- 
age space m this imit assembly 
Acrylic handles on the drawers 
in this closet serve a second purpose 
—that of label holders Slips of 
paper printed with the contents of 
particular drawers can be slipped 
under the transparent handles which 
are m the form of a scroll The 
acrylic acts as a magnifying glass 
so that the labels can easily be read 
from a considerable distance — or by 
a somewhat nearsighted person 

RADIANT WALLS-<Both the deco- 
ration and the illumination of the 
dressing room come from its walls 
To accomplish this double purpose, 
they are covered with a sheet of 
Plexiglas which has been engraved 
and painted with a design — in the 
case of this exhibition room, a color- 



Curved plashes trays--easy to clean 


ful and bold chestnut leaf pattern 
Hidden fluorescent lamps edge-light 
the wall, causing it to glow radiantly 
wherevei the paint or engraving has 
interrupted the smooth polish of the 
normal aciylic suiface The theory 
behind this effect is like that of the 
bedroom mural, only in this instance 
one sheet of acrylic is used instead 
of sevei al This wall follows the 
curves of both the dressing room 
and bath, and provides general il- 
lumination for both rooms 

This somewhat new concept m 
loom lighting is comparable to the 
“warm wall” idea of room heating — 
the light spreading out evenly fiom 
the entire wall instead of intensely 
from a hxtuie In both the radiant 
wall and the mural painted m light, 
a different design is seen by re- 
flected light than is evident when 
the acrylic sheets are edge lighted 

Special provision has been made 
for bottles, jars, small articles of 
clothing, and the odds and ends 
which usually hide themselves away 
as soon as they are needed Withm 
easy reach is the perfume niche 
whose circular shelves will hold a 
myriad of bottles Illumination is 
provided by the radiant wall which 
also forms the background of this 
tier of shelves 

One side of the dressing table 
swings open to reveal a set of re- 
movable transparent acrylic trays 
for cosmetics, hose, and other small 
articles These trays are formed 
with deep sides and rounded comers 
which combme to make them easy 
to clean 

On the other side are three deep 
drawers which are designed to hold 
lingerie or other articles of apparel 
These drawers are equipped with 
blown acrylic liners whicli can be 
quickly and easily removed for 


cleaning After these liners were 
formed, they were sprayed on the 
back with a pale pink pamt to make 
them opaque 

The huge dressing-table chair is 
a transparent drum formed from 
sheets of acrylic resin, topped with 
a tufted cushion covered with poly- 
vmyl chloride fabric With room 
enough for two, it does away with 
odd chairs that are always getting 
in the way m most bedrooms and 
dressing rooms It also adds a strange 
lightness and sparkle which comple- 
ments the airiness of the rest of the 
compact three -room unit 

What might otherwise be waste 



Dressing-table chair is o plostics 
drum, perfume niche in right back- 
ground has circular plastics shelves 


space in the bath is again put to 
good use, a piotiuding coiner is 
turned into a drying lack Thiee 
bent acrylic lods are affixed to the 
door of this cabinet which is de- 
signed to be heated with a special 
unit so that drying time can be cut 
to a minimum 

Just beyond the drier is the over- 
size wash basin where baby can be 
given a bath or where small articles 
of clothing can be washed with ease 
Like the drawer liners, this basin 
was deep drawn from clear acrylic 
sheet, then sprayed on the back 
with white pamt 

The faucet handles are fabricated 
from heavy pieces of this same 
transparent plastic to a shape which 
IS easy and comfortable to grip 
They are cut m such a way that 
the clear plastics catches and le- 
flects the light almost like a gem 

There is double space m the medi- 
cine cabinet because acrylic shelves 
are attached to the back of the mir- 
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rored door, supplementing those 
usually found xn such cabinets To 
prevent bottles from falhng into the 
basin whenever the door is opened, 
each of these four shelves has an 
inch-high lip at the front 

POISON — The fear of mistakenly 
seizing a bottle of poison instead of 
some innocent medication seems to 
be univeisal Recognizing this fact, 
the designers of this three- room 
suite have set aside one entire shelf 
in the medicine cabinet for poisons 
To make doubly sure that no mis- 
take can be made, this shelf is cov- 
ered with a downward swinging 
sheet of red acrylic lesin upon which 
the word “POISON” is painted in 
white letters 

And to top off the wash basin 
and medicine chest is the com- 
mutei’s clock whose aciylic dial is 
lighted by fluorescent tubes set on 
either side of the mirror that covers 
the cabinet door As with the 
fluorescent tubes around the dress- 
mg table mirror, these lamps also 
light the radiant walls 

The toilet, the smooth functional 
lines of which mean easy cleaning, 
is shielded from the remamdei of 
the bath by a row of aciylic lesin 
bais cut in the shape of prisms Be- 
cause of the reflections thrown fiom 
the surfaces of these bars, the 
acrylic appears to be opaque — pro- 
viding complete privacy 

Just beyond, half-way between 
the wash basin and the shower stall, 
are towel shelves and racks, and a 
concealed hampei Again, trans- 


BOTTLE BREAKAGE 

Higher in Glass 

Than in Plastics 

Some light is shed on the question 
of the compaiative resistance of 
blown thermoplastics and glass 
bottles to shippmg hazards by a 
series of tests recently carried out 
through the co-operation of a manu- 
facturer of blown plastics bottles, 
two container manufacturers, and 
an independent testing laboratoiy 

A seven foot hexagonal drum, 
studded on the inside with vaiious 
obstacles designed to subject the 
test packages to a great many dif- 
ferent types of falls, was used for 
the test For purposes of accurate 
comparison all bottles were of sim- 
ilar shape and size, or as nearly so 
as possible Bottles made of three 
types of plastics formulation were 
tested acetate. Butyrate, and poly- 
st 3 nrene, as well as bottles made 
from flint glass All the bottles were 
filled with a similar liquid and fitted 


paient acrylic resin sheets and bars 
are used to good account 

Immediately adjacent is the 
shower which is equipped with auto- 
matic temperature controls both 
outside and in Anyone who has 
tried to regulate the flow of watei 
in a shower without either freezmg 
oi scalding himself will appreciate 
the convenience of this dual system 
of watei regulation 

The spacc-giving effect that can 
be achieved through the use of large 
sheets of acrylic lesin is again put 
to test in the shower wall One half 
of the wall of this shower consists 
of two pieces of cuived Plexiglas, 
one of which slides back of the 
othei to permit entiance to and 
exit fiom the stall In this ex- 
hibition unit the tianspaient wall 
of this ciicular shower is etched 
with only the faintest design How- 
evei, should greatei privacy be de- 
sired, the pattern could be so heavy 
as to make the sheets almost opaque 
Just as with the lest of the illumina- 
tion in this exhibit, the lighting foi 
the shower comes fiom fluoiescent 
tubes set into the wall on eithei 
side of the tianspaient enclosuie 

A GOOD START—Many novel uses 
have been suggested for plastics in 
this hfe-sized bedroom, diessing 
loom, and bath assembly — but as 
many more will probably occui to 
the reader The way has been shown, 
however, in which beauty can be 
combined with practicality — with no 
sacrifice of either of these essential 
qualities 


with standaid type closures The 
caitons oi boxes used to pack the 
bottles were of identical size and 
construction 

Accoiding to reports of the tests 
carried out, acetate bottles showed 
the gieatest endurance, survivmg 
five drum tests, each of which in- 
volved 150 falls of the drum, with- 
out visible damage Butyrate bottles 
stood up almost as well as acetate, 
withstanding 150 falls in all but one 
of the tests In the case of the poly- 
styrene bottles, performance varied, 
breakage occui ring after 36 to 104 
falls of the drum The glass con- 
tainers performed according to long 
established standards — ^breakage oc- 
curring in each case after 46 to 69 
falls 

SEALING UNIT 

Has Plastics Housing and 

Uses Plastics Tape 

A truly all-plastics application is 
a sealing unit put out by Cofax 


Corporation Not only is the housmg 
of the unit injection molded of 
Lumarith, but the tape is produced 
on a cellophane backing or Lumarith 
film 

The sealmg tape holder is made 
up of two parts — a base and a snap- 
on cover Both parts piesented a 
number of molding problems to the 
Steiling Plastics Company In the 
case of the base the difficulty was 
with the proper forming of the 



All plastics 


teeth which are used to cut the 
tape to the desired length As foi 
the cover, it was necessary that this 
piece snap in and out without too 
much prcssuie being exerted, yet 
hold firm when the sealer was used 

The Pax diy seal tape is available 
in transpaient foim and in a lange 
of colois 

UPHOLSTERY MATERIAL 

Resists Constant Scuffing 

And IS Easy to Clean 

SiNCF leal leathers and fine woods 
aie almost prohibitively expensive 
manufactui ers of dmmg-ioom 
equipment are always on the look- 
out foi materials which will give 
the same effect of elegance yet will 
not lequiie too laige an initial in- 
vestment Furthermore, they aie at- 
tracted by materials which will le- 
main flexible, will not crack and 
spot, and will not lose color under 
constant exposuie to light 

The Monsanto Chemical Company 
has come to the aid of these res- 
taurant materials manufacturers 
with a vinyl butyral coated uphol- 
stery covering which is designed 
to meet all these adverse conditions 
Used for the fiist time in the dining 
room of the Sheraton at Sprmgfield, 
Massachusetts, the new covering 
has proved specially smtable as the 
outer lining of the pantry service 
door Not only does it resist the con- 
stant scuffing it receives from the 
feet of waiteis but it can be wiped 
clean with a damp cloth And as a 
covering for the seats and benches 
that Ime the walls of this dining hall 
it has proved itself to be stain proof 
and remarkably resistant to sunlight 
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Diirez laboratoty technicians said that the stiength of a 
Durez 12688 bond was such that even elephants couldn’t 
pull It apart the wood would give way first Subsequent 
tests (without the elephants) proved this to be absolutely 
true In fact, a Durez 12688 bond is viitually indestruc- 
tible This remarkable lOom-temperaturc resin adhesive 
produces bonds which are just as durable and water- 
proof as those in hot-pressed plywood opens up many 
new markets of which laminated lumber, keels, and pre* 
fabricated housing aie but a few 


OIL SOLUILE ntSlHS 


BREWING REAL PROFITS 

Like most products which arc being successfully mei- 
chandised in the highly competitive consumer markets 
of today, the Cory Coffee Brewer makes skillful use of 
plastics The hinged decanter covei, safety upper glass 
stand, easy-grip handle, and measuring cup are all molded 
from a Durez phenolic compound Such inherent char- 
acteristics as heat resistance, dielectric strength, brilliant 
finish, excellent moldability, highest dimensional stability 
at temperature extremes, and moisture resistance, make 
the more than ^00 versatile Durez molding compounds 
of tiemendous value to the imaginative design engineer 
make them the natural starting point when you’re looking 
for the plastic that fits your job 





The phenolics are the most versatile of 
all plastics and, therefore, are the most 
widely used throughout industry As 
specialists in the production of phenolic 
plastics and resins for the past quarter 
century, Durez technicians have gamed 
the vast experience so necessary for giving 
competent guidance to the newcomer 
This rich background is furthei enhanced 
by the fact that these men have actively 
participated in the successful development 




HOW TO DO A DESK JOB . . . 24 TIMES FASTERI 

Furniture which used to take three or four days for 
finishing can now be ready for packing and shipping in 
four hours if Durez 50824 Liquid Resin is incorporated 
in your paint manufacturer’s formulation This amazing 
new resin tjpifies the continuing leader ship of Durez 
oil soluble resins in the protective coatings field 


of literally thousands of products Their 
services are available at all times to you 
and your custom molder A new booklet 
entitled '^Plastics Pnmer" was recently 
completed by the Durez staff Its pui- 
pose IS to inform today’s over burdened 
executive of the ba^ic facts about phenolic 
plastics You’ll find it a brief, simple, 
crystal-clear digest filled with the kind of 


PLASTICS THAT FIT THC JOB 


authoritative information you’ve been 
waiting for Write for your free copy to- 
day Absolutely no obligation, of course 
Durez Plastics & Chemicals, Inc, 5212 
Walck Road, North Tonawanda, N. Y 
irpori Jgents Omni Produch Corporation, 
40 East 34th Street, !New York 16, !N y 
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METALS IN INDUSTRY Conducted by FRED P PETERS 


Two-in-One Materials 


Powder Metallurgy, Inserting, and Cladding, Of- 
Moterials With Desirable Properties for Many Specific 
Plastics Plus Metals and a New Aluminum-Cast-to-Steel 
Fields of Application Hitherto Undeveloped 


Plating, Hot Dipping, 
fer Virtually New 
Purposes 

Process Open Many 

1^ ROCRESS — technical and other- 
* wise — often comes from unex- 
pected diiections The war de- 
manded many materials with special 
properties oi combinations of char- 
acteristics not previously available, 
and the natuial approach was to de- 
velop new alloys or improve the old 
to solve such pioblems While sev- 
eral new materials were born out 
of this stimulus, the answer in many 
cases was found in composite mate- 
rials — combinations of two different 
metals, for example, in which the 
best propel ties of each are utilized 
in a way not possible through alloy- 
ing 

The composite materials have 
opened up a vast new field for ma- 
terials engineers and metallurgists 
and, indeed, the technique has joined 
the more familiar alloying as a sec- 
ond method of achieving needed ma- 
terial characteristics for special 
applications They are already being 


widely incorporated m the new 
peace-time pi oducts ilow being blue- 
printed or manufactured 

For such mdustnal products the 
two-m-one materials of gieatest In- 
tel est are metals plated or coated 
with other metals, duplex powder- 
metallurgy products, inserts of one 
material in another, composite me- 
tallic-nonmetallic mfttenals, a wide 
range of clad-metal lombinations, 
and bonded-assemblies of different 
metals, such as the Al-Fin cylinder 
bai rels 

Although not popularly consid- 
ei ed ns composites, electro-plated or 
other wise-coated metals ar e actually 
the oldest and most familial of the 
duplex materials A can, for 

example, is made of sheet steel 
coated with tin the steel pio- 
vides the mass-pioductibility, foima- 
bility, and low cost lequued of can 
materials and the tin confers the 
necessary corrosion-resistance, non- 


contaminating quality, and soldera- 
bihty 

The double advantages of thin 
layers of one metal applied on an- 
other are widely appreciated, so that 
the application possibilities for some 
of the newer developments of this 
type are broad indeed For example, 
the recently developed alummum- 
coated steel sheet (produced by hot 
dipping) combines the corrosion- and 
heat- resistance, the reflectivity, and 
the appearance of aluminum with 
the cheapness and workability of 
steel, and may find uses in such 
diverse products as mufflers for in- 
ternal combustion engmes, oven and 
furnace linings, and firewalls in air- 
planes 

The reverse of this^ -the plating of 
other metals on aluminum — yields 
a pioduct that fcatuies the light 
weight of aluminum with bettei 
surface weai or elect rical-contact 
properties than those of the light 
metal Thus gold and silver outer 
coatings are used where low contact 
resistance or high surface conduc- 
tivity are required Nickel and 
chromium may be employed to im- 
piove the wear lesistance and tin or 
cadmium to facilitate soldering 
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Oourtmj Hvyooiai Mvtaia uompaay 

Hot rolling a slob of clod oluminum alloy motoriol 


Electronic equipment, electrical ap- 
pliances, and aiiciaft instrument 
components are among the applica- 
tions expected to develop for this 
type of plated metal 

Similarly the development of 
high-speed continuous zinc electio- 
platmg on steel piomises a new, in- 
expensive duplex material for many 
purposes, such as automotive and 
ladio-set stampings and general 
haidware — all of which will require 
the workabihty and built- in coat- 
ing-adhesion of such prc-plated 
steel 

BUILT-IN DUPLICITY — Certain 
types of powder metallurgy parts 
are shining examples of built-in du- 
plicity Electrical contacts, in which 
copper and tungsten particles are 
unalloyed partners within the met- 
al’s structure, possess the conduc- 
tivity of the copper and the hard- 
ness and aic-resistance of the 
tungsten 

The same principle applied to dis- 
ci ete aggregates of other dissimilar 
materials is being used to make 
bearings, friction plates, and arma- 
ture brushes with one wear-resist- 
ing and one lubricating constituent, 
it will doubtless be expanded to give 
us light-weight aluminum aircraft 
bearings, thermal insulating refrac- 
tory parts with the built- in extra 
stren^h of dispersed metal pow- 
ders, and molded plastics products 
containing enough admixed metal 


powder to provide a metallic sheen 
or semi-luster for ornamental uses 
or to increase the strength of in- 
sulating parts foi dielectric applica- 
tions 

The possibility of using inserts of 
one material cast or molded into an- 
other has not received the attention 
it deserves Steel pins in non ferrous 
castings and brass threaded studs in 
plastics moldings are familiar, but 
the opportunities for new combina- 
tions of built-in properties can go 
much farther than these 

For example, die castmgs in zinc, 
aluminum, and magnesium can be 
produced with cast-in or anchored 
steel springs, with brass bushings 
for bolts or bearing uses, with 
bronze strengtheners for extra- 
load-bearing, or with insulating 
plastics for localized insulation in an 
electrical part Buch applications, if 
more widely used, would bring the 
fast -production and close -tolerance 
advantages of die casting to indus- 
tries like machine) V building, auto- 
motive engine manufacturing, and 
railway equipment production whose 
highest mechMical strength re- 
quirements have often led them to 
avoid the use of die castings for 
structural parts 

The combmations of metals and 
nonmetalhc mipterials that are now 
available provide one of the most 
fertile fields for modem designers, 
especially m architectural and 
buildmg products, in furniture and 


consumer durable goods, in boats, 
and, of course, in aircraft The auto- 
motive industry has long made suc- 
cessful use of plastics-metal com- 
posites, as m many modem dash- 
boards 

Several engineers are sure that 
lammated products — ^a light non- 
metallic material in thick section 
combined with a strong alloy in thin 
section — may provide the combina- 
tion of light weight, strength, and 
general rigidity needed m many 
fields An interesting recent devel- 
opment of this type is a combmed 
wood-and-aluminum sheet which 
possesses strength, lightness, rigid- 
ity and eye-appeal as well as resist- 
ance to fire, termites, and seasonal 
temperature changes These quali- 
ties will make the material especial- 
ly attractive for post-war buildings, 
railway cars, buses, and private air- 
planes [Other metal-nonmetallic 
composites have been described m 
recent articles on plastics m April, 
and on glass in September, Scien- 
tific American ] 

METAL ON METAL— The clad met- 
als represent today the largest two- 
in-one mateiial tonnage produced 
and offer the greatest opportumty 
for exploitation by designers The 
Alclad aluminum alloys and stain- 
less-dad steels, for example, are 
already well-established ptoducte 
with gieat potentialities 

The pure-aluminum-clad alloys 
weie developed to piovide a sheet 
material for airplane construction 
that would have the strength of the 
underlying age-hardening alum- 
inum alloy with the corrosion re- 
sistance of the pure aluminum sur- 
face The recent improvements in 
both underlying strength and sur- 
face (fatigue) strength inherent m 
such new and stronger combinations 
as Alcoa’s Alclad 75 S and Reynold’s 
R 301 and R 303 have now broad- 
ened the market for the clad alum- 
inum alloys to include all types of 
transportation equipment and home 
appliances as well 

Stainless-clad steel is today the 
fair-haired boy of the duplex ma- 
terials field, with the possibility 
ahead that it may roach production 
tonnages near those of straight 
stainless a few years ago The stain- 
less clad steels are made by a a- 
viety of processes but in their final 
form they are all sheet or strip ma- 
terial consisting of a thin layer of 
stainless steel permanently bonded 
to a heavier base of ordinary steel 

This combination in effect offers 
the corrosion resistance of stainless 
steel m a much cheaper material 
In addition, the clad material has 
better fatigue strength than ordinary 
steel It can be fabricated by the 
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welding, cutting, and forming proc- 
esses suitable for stainless steel 
Originally developed for applica- 
tions m the chemical process mdus- 
tries, the stainless -clad steels are 
reaching out for structural uses as 
well and are sure to find employment 
ultimately in building construction, 
automotive components, and rail- 
way equipment as well as widely 
increased use in the chemicals, oil 
refinmg, rubber, paper- processing, 
and related fields. 

Similar to stainless-clad but more 
specific in their serviceability are 
nickel-clad, Inconel-clad, copper- 
clad and even admiralty-metal-clad 
steels Those are mostly designed 
for and will be ultimately used m 
chemical processing One manufac- 
turer has brought out a line of du- 
plex tubes that are simultaneously 
good for two corrosive environments 
— one on the inside of the tube and 
the other on the outside 

CAST COMPOSITE — One of the 

most significant of recent develop- 
ments m the composite materials 
field IS the Al-Fin process in which 
aluminum or an aluminum alloy is 
integrally joined to steel, iron, oi 
other base metals by casting the 
light metal in the usual manner 
against a specially prepared steel or 
other surface This particular com- 
bination combines the heat-dissipat- 
ing ability, light weight, conductiv- 
ity, and coirosion resistance of the 
aluminum alloy with the stiength 
and hardness of the ferrous metal 
Developed originally for airplane 
cylmder barrels (the aluminum 
muff and fin structure removes the 
heat from the steel barrel around 
which it is cast) the Al-Fin process 
and product can rely on other ad- 
vantages (for example, the excellent 
high- temperature oxidation resist- 
ance of aluminum and its good bear- 
ing properties) to make them suit- 
able for such diversified uses as 
radio transmission power tubes, air- 
plane exhaust stack heat exchang- 
ers, bearings, and composite gears 
Indeed it has been characteristic 
of the two-in-one materials that the 
purposes for which they were orig- 
inally devised in each case have 
been ‘‘only the beginning,’’ and they 
have gone on to many new applica- 
tions m fields undreamed of by their 
original developer 

^ ^ 

WELDING DISTORTION 

Can Be Cured by 

Finding Causes ^ 

\A/elding will play an important 
role in America’s industrial future 


as a means of fast production and in 
making possible the streamline de- 
signs that engineers are projecting 
for many consumer and industrial 
goods of tomorrow, says Charles H 
Jennings, weldmg authority with 
the Westmgbouse Research Labora- 
tories This engmeer terms distor- 
tion as one of the -major problems 
of welding He explains that the 
heatmg and cooling of the metal 
withm the area being welded, and 
the contraction of the filler metal 
during the cooling period cause the 
fabricated structuie to shrink oi 
warp 

“However,” Mr Jennings contin- 
ues, “by properly studying the fun- 
damental factors producing distor- 
tion and applying corrective meas- 
uies — such as clamping the parts in 
fixtuies durmg weldmg, pre-distort- 
ing the parts to compensate for ex- 
pected distortion, or developing 
special welding techniques — distor- 
tion can often be held to a very 
low point or entirely eliminated 

COPPER TUBING 

Is Finding Increased 

Use in Factories 

The familiar advantages of copper 
oi brass tubing that have led to its 
use foi house watei lines are begin- 
ning to be recognized by plant men 
and engineers and should lead to its 
inci easing use for water, air, oil, and 
hydiaulic lines for factoiies 

For industrial water lines, coppci 
tubing with solder-jomt fittings not 
only outlasts rustable piping seveial 
times but also is lighter in oveiall 
weight and more convenient to in- 
stall 

WELDING HAZARDS 

Proved to Be 

Largely Mythical 

Arc welding is the victim of more 
unjust or exaggerated chaiges of 
danger to health or safety than any 
other metal-working operation, and 
a recent mvestigatiop has scientifi- 
cally laid many of^llim to rest 

Thus It IS definitely untrue that 
most arc-welding equipment gives 
off “mystery” radiations that may 
cause sterility or other strange ail- 
ments At General Electric’s Schen- 
ectady plant, welding operators have 
carried pieces of photographic film 
aiound in their clothing for weeks 
at a time without any evidence of 
X-ray-like radiation appearing 

Again, a survey of four manu- 
facturers using arc welding showed 
that they employed a toteil of 14,475 
industrial workers and suffered a 
total of 13 fatalities m one year, or 
an average of one death per 1100 
workers Included m these totals 


were 1125 arc welders, among whom 
there was one fatality. 

Obviously, the electrical shock 
hazard in arc welding is no greater 
than the 4iormal hazard m industrial 
woik in general 

MAGNESIUM ALLOYS 

Are Not Potential 
Fire Hazards 

The greatest factor curtailmg the 
wider application of magensium al- 
loys has been the common misap- 
prehension that these alloys are in- 
flammable 

This ghost has been scientifically 
laid to rest by Louis A Carapella 
and Wm E Shaw, of Mellon Insti- 
tute, who conducted tests on a num- 
ber of magnesium alloys to ascer- 
tain their behavior on direct ex- 
posure to file It was demonstiated 
beyond question that solid mag- 
nesium alloys do not burn 

Melting must occur before burn- 
ing can take place, which means 
that Ignition cannot possibly occur 
until the metal reaches tempera- 
tures from 840 to 1500 degrees, Fah- 
renheit Massive magnesium does 
not leach such temperatures easily, 
either, because of the relatively high 
heat conductivity of the alloys Fur- 
theimoie, buining need not occur 
even when handling the molten 
metal, for with simple precautions 
alloy-making, metal-refining, pour- 
ing, casting, and welding are widely 
peifoimed without trouble 

POROUS CHROME 

Is Successful in Prolonging 

Life of Engine Cylinders 

An example of how successful por- 
ous chromium plating can be in 
lengthening the operating life of 
engine cylmders to which it is ap- 
plied has recently been reported 

A merchant ship whose main 
Diesel-engme cylinders were porous 
chromium plated ran for five yeais 
and traveled 300,000 miles before 
the chromium had worn enough to 
require reprocessing At one time 
the engine was submerged in sea- 
water 14 days before the ship could 
be salvaged 

Porous chromium plate differs 
fiom the usual chromium plate in 
that its surface is covered with tiny 
pits or small channels which effec- 
tively retam lubricating oil While 
its use IS steadily increasing on ship 
Diesel piston rings and cylinders, 
this type of plating has operating 
advantages that are also of special 
interest to makers and users of auto, 
truck, and railway engine cylinders 
as well as for cylinder surfaces m 
hydraulic equipment, pumps, and 
so on 
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Quick Facts for 
Manufacturing and Sales Executives 


Do not confuse CORRONIZING with other metal coatings 
This patented pnnesn provides a permanent! alloy ^armor^* 
with 5 layers of defense against corrosion I It becomes part 
of the steel base can be worked in any manner Permits 
using lighter materials by prolonging steeVs period of greats 
est strength Write for samples and complete information 

STANDARD STEEL SPRING COMPANY 

CORAOPOLIS, PENNSYLVANIA 



prmor"for steel can 
ica millions each year? 

Y ear after year— m war or pteace — America 
pays a colossal toll in dollars to a foe as unre- 
lenting as any ever known 

It IS the enemy rust, that attacks and destroys 
tilings made of steel But now a remarkable new dis- 
covery can bring you steel products that will defy 
rust up to 4 times longer Hardware, screens, 
fencing, automobiles, tractors, dozens of important 
items that will outlast any you’ve ever owned by as 
much as 4 to 

This lemarkable discovery is CORRONIZINd, the 
patented alloy “armor” that gives steel a new 
lease on life Yes, CORRONIZING is new but 
also thoroughly tested and proved For CORRO 
NIZING has demonstrated its overwhelmmg superi- 
ority in the war, under the worst possible conditions 
on land, at sea and in the air 

By tast and performance, CORRONIZING FAR 
OUTLASTS OTHER PROTfeCTIVE COATINGS FOR 
STEEL Now, the more progressive factories and 
retailers will be able to bring you products made 
of “Corroni/ed” steel Motor car makers — always 
leaders— will be among the first to offer you this 
sensational advantage 

Remember that name — CORRONIZING It can 
save you and millions of other Americans a huge 
tax bill now needlessly paid to the enemy rust 

Standard Steel Spring Co* 

ORIGINATORS OF 


CORRONIZING 
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CH£Mi$TRy In industry Conducted by D H. KIUEFFER 


Research For Small 

A Little Research into Effective Means of Utilizing Reseorch Reveols 
thot Small Businesses Can Put Themselves on a Par With Big Business 
By Making Use of Availoble Facilities Government Research Must Bene- 
fit All and Hence Must Fail in at Least One of its Avowed Purposes 


A s THE story of industrial prog- 
ress during the war years is 
gradually uncovered, tremendous 
forward strides are revealed Basi- 
cally, this progress has depended on 
the development to commercial use- 
fulness of scientific research for a 
long period precedmg the war This 
agam emphasizes research as the 
stuff of all progress, that industry 
must build on science As has been 
truly said, man has come to hve m 
a fourth kingdom, a synthetic kmg- 
dom, cognate with the animal, vege- 
table, and mineral kingdoms of his 
childhood This synthetic kingdom 
is clearly a creature of research, of 
science put to work, of the abstruse 
concepts of science materialized m- 
to the work-a-day things of modern 
living 

No longer is it possible for any 
busmess or mdustry to ignore 
science Research has of necessity 
become an mtegral part of all civih- 
zation There can no longer be any 
argument about its value The only 
question that can now properly 
arise concerns the types of research 
appropriate to a particular enter- 
prise and when and how these may 
be obtamed 

Research — m the chemical field or 
elsewhere — is the method of discov- 
ery and invention It stands out as 


a dominant force in war It is equally 
vital, though less spectacular, m 
peace Its immense value has been 
stressed and explained to greater 
and greater numbers of people 
through extraordmary research 
achievements of the past five years 
Quite naturally it has attracted 
political attention and pressure has 
been applied to put our paternalistic 
government into the busmess of sup- 
plymg research facihties to those 
who presumably cannot afford it for 
themselves The idea is to help the 
small business man by providing 
research for him, at taxpayers* ex- 
pense, thus giving him an advantage 
comparable with that enjoyed by 
big business That is a perfectly 
good idea and a laudable objective, 
but It can only be made to work by 
observing and considering the pe- 
culiarities of research itself 
Considering the significance of 
the place research occupies m the 
world, it IS amazing how little is 
actually known about it by other- 
wise well informed busmess execu- 
tives Where to go to get research 
for one’s business ne^ds, what types 
of research one should engage in, 
and even what research is, these 
and like questions apparently vex 
many intelligent busmess execu- 
tives and impede ’^'their progress 



Oounflsy Food JieoMreh ijftOorotortM, Uo 


The chemist in the 
reseorch 
loborotory of 
todoy ;^ldom stands 
ot 0 Window 
peering through 
0 test tube 
More often he is 
found ot 0 
foble such os 
this one, 
making use of 
photoelectric end other 
precision equipment 


Business 

A 



Courtesy United States Teetine LaOoratory 


Materials testing 

toward that Utopia which research 
is expected to open to business and 
mdustry 

It will be worth while to look into 
the whole subject because of the 
danger, already apparent, that re- 
search may become a political issue 
Not that a thinking person can be 
of two mmds as to its fundamental 
value, but rather that handling of 
the mechanics of reseaich in the 
customary political manner is sure 
to entangle the main proposal with 
useless and complicating appendages 
havmg httle or no relation to the 
mam theme It even seems likely 
that the anticipated benefits may 
become lost in the tangles of red 
tape Therefore it behooves thmk- 
mg persons to become famihar with 
the subject in order to be able in- 
telligently to decide the issues like- 
ly to require decision soon 

RESEARCH DEFINED-Research re- 
sembles food which must undergo 
subtle changes withm our bodies 
before it can be absorbed and be- 
come an actual part of us The pangs 
and perils of overloaded digestions 
are common expenences And it is 
scarcely necessary to emphasize that 
all foo^ are not equally siuted to 
all digestions Picture a rabbit wolf- 
ing a beefsteak, for mstance, or a 
lion nibbling a lettuce leaf^ Re- 
search, which, IS a mental process 
and deals with ideas, is hke that 
Too much research, particularly too 
much successful research at one 
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time» can bankrupt a company quite 
as surely as too Uttle It is also true 
of research that to be useful it must 
be directed toward ends compatible 
with the abihties and aims of its ex- 
pected beneficiaries 

We must recognize as types of re- 
search both the search for new 
knowledge for its own sake alone 
that characterizes the purest of re- 
search and the extremely valuable 
application of acquired knowledge 
to new situations and combinations 
These are distinguished by the new- 
ness of the knowledge acquired and 
by the novelty of its applications 
fiom the repetitious and more or 
less mechanical operations of testing 
and analyzing products The scien- 
tific speculations, experiments, and 
observations which led up to the 
idea that vast amounts of energy 
could be released from atoms by 
bombardment with neutrons clearly 
belongs to the first phase of research 
The second phase is equally well il- 
lustiated by the development of 
methods, mechanisms, and materials 
to apply this basic principle to a 
military weapon During the course 
of both phases of this incomparably 
important research almost countless 
numbers of moie or less routine 
analyses and tests had to be made 
in collecting mformation necessaiy, 
but subsidiary, to the mam objec- 
tives This last belongs in a category 
that may at one time be definite- 
ly research and at another quite 
as definitely outside of that class 
The distmction is based on the pur- 
pose for which the tests are con- 
ducted 

For present pui poses, then, re- 
search is the search for new knowl- 
edge, facts, and combinations m 
whatever field and for whatever 
purpose Physical entities alone are 
the concern and hence researches 
are conducted by the experimental 
method of the physical sciences That 
greatly narrows the definition but 
it stiU covers an immensely wide 
territory, excludmg only certain ac- 
tivities sometimes falsely called re- 
search which are simple searches 
for mformation known already to 
exist. 

^'FOCUSING" RESEARCH-While it 

is obviously true that no research is 
worthy of the name whose result 
can be known m advance, yet it is 
always necessary to direct and con- 
trol the progress of an investigation 
so as to brmg its probable result 
withm a limited area In other 
words, it is possible, as well as neces- 
sary, to “focus” research This “is an 
essential of fruitful research Where- 
as it IS entirely proper for an aca- 
demic group m a university alone to 
pursue a search for knowledge for 


its own sake alone, without serious 
thought as to its possible economic 
value, this is qmte out of the ques- 
tion for most commercial enter- 
prises Such abstiact research may 
also be conducted by government 
agencies 

Endowment of such pure research 
IS sometimes provided by the earn- 
ings of industry and certainly in- 
dustry can sometimes profit by such 
investigations, but only in rare cir- 
cumstances can industry itself afford 
to carry on such excursions into 
knowledge for its own sake Notable 
exceptions were the researches of 
Irvmg Langmuir and others m the 
laboratories of the General Electric 
Company into atomic structures, 
high vacuums, surface chemistry, and 
related matters which ultimately 
materialized m tremendous econo- 
mies in electric hghtmg, among other 
benefits 

Veiy few corporate gioups are 
able to engage directly m such puie 
lesearches because of lack of focus 
on specific problems Hence, most 
businesses confine their effoits moie 
particularly to what may be called 
the next circle of lescaich Leaving 
such purely theoretical investiga- 
tions to the universities and other 
purely academic gioups — defined as 
unconcerned with economics — the 


applies them to specific problems 
either existmg or likely to arise 
through expansion The research 
group may be part of the organiza- 
tion, the common situation with big 
business, or it may be a specialized 
group employed for this sole purpose 
but maintaining a quite mdependent 
existence 

GOVERNMENT RESEARCH? — 

Those who would provide research 
for small busmess at taxpayers’ 
expense overlook several essen- 
tial aspects of the general problem 
While the objective is to put little 
busmess on a competitive par with 
big business, merely providing the 
results of government research can- 
not affect the competitive situation 
Pioponents of the plan overlook the 
fact that no governmental activity 
can, by its very nature, confer a 
competitive advantage on any group 
but must, on the contrary, be equally 
available to all — big and little alike 
This basic fact requires that any 
governmental research be conducted 
primarily on the plane of pure 
theory — designated as academic re- 
search since it must ignore economic 
considerations In other words, the 
research that can be conducted by 
governmental agencies requires that 


usual busmess leseaich accepts the 
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the beneficiary be able to adapt its 
findings to his own problems 
This IS an important requirement 
and one that cannot be ignored 
The mere application of economic 
considerations to the findings of 
academic research makes a vast dif- 
ference in both its value and its 
cost Redman, past president of the 
American Chemical Society, inves- 
tigated the relative costs of re- 
searches and their applications some 
time ago and found that the cost 



Gourteiy UnUed states Testing Ldboratory, Ino 
Checking strength of cloth 


of applying the lesearch was roughly 
ten times the original cost of the 
research In other words, govern- 
ment research will on the average 
cost the beneficiary some ten times 
its own cost after he has applied 
it to his operations before he begins 
to draw profits from it 

All this applies to the broadest 
view of reseaich and neglects an- 
othei vital aspect of the pioblem, 
mentioned above — the focus of re- 
seaich A small business necessarily 
has problems, as does a big business, 
but they are usually of a different 
nature and certainly of a different 
order of magnitude Even given the 
research organization and activity 
of a big business, a little man would 
surely find himself bankrupted in 
attempting to utilize it On the 
other hand, the small business can 
profit substantially from researches 
planned for him and directed at his 
particular problems 
To illustrate The researches on 
atomic fission, mentioned above as 
leading to the atomic bomb, can have 
no more than a most casual interest 
for any but the largest business 
groups On the other hand, as parts 
of this stupendous project, numbers 
of subsidiary researches could prop- 
erly interest even small businesses 
A number of chemical elehients and 
their compounds, not otherwise 
common, are requued m certain 
kinds, purities, and quantities in 
some of the operations connected 


with the production of the bomb 
Researches on these subjects ulti- 
mately led to methods that could be 
applied on reasonable scales by 
companies in the smaller ranges of 
big business Numerous other sub- 
sidiary projects suitable for small 
business have resulted from the 
prosecution of other major cam- 
paigns on larger objectives The 
growth of a small company making 
the instruments developed and 
needed by a laige research organi- 
zation IS quite typical of this kind 
of thing 

CONVERTING IDEAS -The essen- 
tial point IS that the small business 
must be in a position, within its 
available means, to convert the ideas 
developed by its research into 
profitable activity This aspect of 
reseaich seems neglected by the 
busy planners who would use tax- 
papers’ money to create leseaich 
facihties to put small business on a 
par with big business already or- 
ganized to conduct its own leseaich 
Clearly, the competitive advantage 
which each small business (or large 
one) seeks through reseaich can 
only be gained by the exercise of 
private enterpiise which will center 
its attention on an attainable objec- 
tive and which will further hold the 
results obtained in a satisfactorily 
confidential status 

Small business needs a certain 
guidance in this matter which has 


been lately supplied by Major W P 
Putnam, President of the American 
Council of Commercial Laboratories 
Major Putnam, himself head of an 
important laboratory, points out 
that it is quite possible, and highly 
advantageous, for a small business 
to entrust its problems that can be 
solved by research methods to high- 
ly skilled scientists in well equipped 
independent commercial laborator- 
ies Furthermore, the extent of any 
research can be established m the 
beginning so that the business man 
can limit his expenditure to any 
amount that may seem to him de- 
sirable, whether it be a hundred 
dollars or a thousand or many times 
that amount 

Frequently, too, the need of the 
small business may not involve re- 
search as it has been defined, but 
rather may be the simple and direct 
application of known principles of 
science or engineeimg to solve a 
given problem The wide experience 
available in America’s independent 
consulting laboratories also provides 
this kind of service at the lowest 
reasonable cost to the client 

In these independent laboratories, 
themselves small businesses, already 
exist reseaich organizations for 
other small businesses far more ef- 
fective for then puipose in a com- 
petitive world than government re- 
seaich could be Obviously, small 
business has an important asset here 
that must be recognized 


DISTILLER'S GRAINS 

Waste Contains 

Many Nutriments 

Alcohol distillers use only the 
starch of the gram, the waste con- 
tains the original protein, fat, and 
vitamins of the gram, plus any addi- 
tions, particularly vitamins, made 
by the growing yeast This aspect 
of the alcohol industry has lately 
been emphasized by distillers in an 
effort to obtain more leniency in 
the war-imposed restrictions on 
their operations and raw materials 
One pound of corn distillers’ dried 
grains will replace 3 7 pounds of 
corn in balancing the ration of beef 
animals The high piotem content 
of the recovered gr^jis important 

CABLE SPEED 

Increased by Use of 

Polythene Plastics 

Higher speed transmission is re- 
ported for submarine cables in 
which the customary gutta-percha 
msulation is replaced by the new 


polythene plastics developed during 
the WcU British cable operating 
companies are said to be actively 
prosecuting the development of the 
new insulation for this purpose 
Plants for producing polythene 
plastics are being expanded in the 
United States 

CANNED ARMS 

Are Involved in 

Huge Protection Project 

^^HAT IS probably the largest can- 
ning project ever undertaken is 
being earned out by the Ordnance 
Department of the United States 
Army The purpose is to preserve 
the guns, instruments, and other m- 
tricate units made for the late war 
agamst any possible future need 
Many types of di urns, specially con- 
structed containers, and plastics 
layers are under investigation or 
in use The objective is to prevent 
access of dir, moisture, light, and 
other possibly destructive agencies 
that might damage expensive prod- 
ucts 
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ELECTRONICS Conducted by KEITH HENNEY 


Economics 


of Electronics 


Much of the Enthusiastic but Misguided Publicity Given to Electronics 
May Prove a Boomerang to Acceptonce of Really Worthwhile Develop- 
ments Uses of Electronics, Especially in Manufacturing Techniques, are 
Almost Unlimited, but Require Careful and Responsible Development 

By JOHN MARKUS 

Ahsn iati Ed tor Electfonia 


A mong lecent additions to the 
long parade of electronic in- 
ventions IS an elcctionic rat trap 
that operates when a rat passing 
through an open tunnel cuts an in- 
visible ray beamed on a phototube 
Electio- magnetic latches, energized 
by a photoelectric amplifier, drop 
tiap doors at both ends of the tun- 
nel The bewildeied rat, seeing light 
only above him, goes up a ramp 
to a small chambei wheie he steps 
on a switch plate This turns on a 
cuirent that electiocutes him 

The lat trap just desciibed would 
undoubtedly catch lats and might 
also be technically satisfactoiy, but 
it IS certainly not a good idea fiom 
an economic standpoint because 
such a device would cost way over 


ten dollars, even in mass production, 
and good rat traps can be bought to- 
day for a dime apiece Election 
tubes can and do accomplish won- 
deiful things, but the electionic in- 
dustiy cannot exist on the glamour 
01 publicity value of the job it is 
intended to do 

Dunng war-time the manufac- 
tuieis of munitions and ordnance 
devices knew that their tremendous 
volume of business was due solely 
to wai demands The same was tiue 
of the ail craft manufactuieis Far 
too many electronic manufacturers 
arc hoping, howevei, that somehow 
or other the huge wai-time demand 
for electionic equipment will be 
converted into nearly the same vol- 
ume of peace-time electronic busi- 



An excellent example of on economi- 
cally sound electronic application is 
this Westinghouse photoelectric safe- 
ty system that prevents the metol- 
cutting shears from descending when 
workmen's fingers are in blade's path 

ness, possibly on the much-pub- 
licized premise that we have entered 
the new era of electronics 
What the layman sometimes for- 
gets is that military electronic re- 
quirements were necessarily inflated 
far beyond that of correspondmg 
peace-time lequirements The useful 
life of electronic equipment in war- 
time is necessarily much shorter 
than its obsolescence life in normal 
use, due to vibration and concussion 
in combat and rough handling dur- 
ing tiansit and storage in all comers 
of the globe Commercial electrical 
equipment is capitalized on a basis 
of 10 to 20 years, whereas the life 
expectation of radio equipment m 
war-time is probably more hke 10 
to 20 months, if not weeks 

A second factor m the war-time 
electronics picture is the large num- 
ber of spare parts that were manu- 

Electronic timing and control ore com- 
bined in this Generol Electric heat- 
treatment equipment for surfoce-hard- 
ening geors Alt the operator hot to 
do is handle geors ond press buttons 
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factured for each piece of military 
electronic equipment Tanks, planes, 
and ships had to be used and ser- 
viced in huge numbeis in hundreds 
of widely scattered localities There- 
fore, spare parts were produced and 
distributed so they would be avail- 
able when and wheie needed, in a 
ratio far exceeding that required foi 
normal or peace-time electronic de- 
vices 

SALES APPEAL— The glamour at- 
tached to electronics unquestion- 
ably adds to the sales appeal of a 
product This is due to the blaze of 
publicity that electronics has re- 
ceived and because of its winning 
role in the war Unfortunately, 
however, electronics has been over- 
publicized The marketing of elec- 
tronic devices that are either invol- 
untary or deliberate fakes, doing a 
job no better than cheaper mechani- 
cal or electrical equivalent products 
will harm and discredit the elec- 


Thf electronic morimba 
(left) IS interesting 
but not 0 good 
bet economically On 
the other bond, 
electronic motor con- 
trols ( below ) 
speed up operottons 
ond exemplify 
good engineering 
practice 



tion and dielectric heating equip- 
ment made as standard packaged 
units by 15 diffeient manufacturers, 
and still more firms offermg custom- 
built units foi special applications 

Applications for high-fiequency 
heating are divided into two distinct 
gioups (1) induction heating units 
for meltmg, hardening, brazing, 
soldering, and heat treatment of 
metallic and conducting materials, 
and (2) dielectric heating units for 
heating, dehydrating, sterilization, 
01 cooking of non-conducting mate- 
iials such as tobacco, wood products, 
food, cereals, and other agricultural 
products 

Electronic heating is expensive, 
though — even more than electric 
heating — because the tubes that 
convert the ordinary 60-cycle power 
into high-frequency power are ex- 
pensive and are not 100- percent ef- 
ficient Here, as m every other elec- 
tronic application, the initial cost, 
power cost, and maintenance cost 



of time Electronic timing is indi- 
cated because it is extremely diffi- 
cult to devise mechanical or electro- 
mechanical timers to handle the 
large current with sufficient accu- 
racy and without rapid deterioration 
of contacts 

Another important advantage of 
electronic control is high sensitivity 
combined with the ability to do 


tronic industry For the industry to 
prosper, its products must possess 
definite advantages in greater effi- 
ciency of operation or must do things 
that have never been done before 
Electronic heating, as an example, 
meets both requirements It heats 
and dries materials faster and more 
uniformly than older steam, gas, or 


must be compared to similar costs 
.of other methods and the result bal- 
anced against the advantages of 
electronics before making a deci- 
sion 

Reactmg almost instantly to a 
change of condition is another role 
in which electropics shines, and this 
characteristic of vacuum tubes lends 


useful work such as operating re- 
lays A fine galvanometer can move 
a pomter or deflect a light beam 
up the scale, but nothing more If 
the power for a furnace is to be 
started or stopped as directed by the 
galvanometer deflection, the posi- 
tion of the galvanometer pointer 
must be translated into the desired 


electric methods and it has a high 
score of never-done-before achieve- 
ments Here the future is legitimate- 
ly bright, and every alert business- 
man should investigate the possi- 
bility of applying this war-time- 
mushroomed electromc technique to 
improving his own products The 
extent of industrial electronic heat- 
ing today is cl^rly shown by a re- 
port of a recent survey which hsts 
over 125 different models of induc- 


itself admirably to electronic control 
of machinery and processes 

FASTER AND BETTER— Welding 
timers were the first large-scale and 
exceedingly successful industrial 
application of fast-responding elec- 
tronic control circuits The task of 
the welding timer consists of deliv- 
ering to the welder transformer 
powers running into hundreds of 
kilowatts but only for a short period 


action 

The modem link between a gal- 
vanometer pointer and a contactor 
or an electric motor is an electronic 
device that is controlled by the gal- 
vanometer and yet adds no load to 
the galvanometer Photoelectric 
systems are often used for this pur- 
pose 

The third advantage of electronic 
control is its suitability for remote 
control Electronic Imks can be op- 
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erated over almost any desired dis- 
tance with conventional wirmg, and 
now even radio Imks can be used 
Thus, the readmgs of the altimeter 
and other instruments m a pilotless 
plane can be transmitted to duplicate 
instruments on the ground by radio 
and read there 

One other major point of supe- 
riority IS the flexibility of control 
design The variety of tubes and 
other circuit elements available is 
almost as great as the number of 
combinations m a chess game, so the 
electronic control can be given al- 
most any characteristics It can be 
fast, or time delays may be readily 
incorporated It can be rugged and 
sensitive at the same time 

Electronic control of dc motors 
is a major mdustrial application of 
electronics In response to elec- 
tronic, electiical, or mechanical 
monitoring devices, tubes can regu- 
late or change the speed of the motor 
m the required manner 

DELICATE SENSING - Electronic 
links have been extremely useful m 
stopping or starting some or all op- 
erations on high-speed machines 
where mechanical methods become 
awkward or impossible If, for ex- 
ample, a delicate sensing device is 
needed to start, stop, or control 
heavy equipment, an electronic link 
will probably do the job better than 
anything else An electronic device 
may, for instance, be designed to 
follow up the movement of an in- 
strument pointer and perform al- 
most any control function, either 
near the instrument or miles away 
from it One interesting application 
IS to the automatic cutting torch, 
which reproduces the pattern of a 
template without touching it 

Electronic devices for the inspec- 
tion of metals for xmiformity, sound- 
ness, and size are m use in many 
places Devices of this type may 
reveal cracks, slag inclusions, voids, 
changes in chemical composition, re- 
sults of faulty heat treatment, and 
under- or over-size The devices are 
nondestructive and very fast Old 
style tests sometimes destroy or mai 
the test pieces and are much slower, 
so here electronic techniques are 
advantageous 

Many electronic devices sold to 
industry have ended in the factory 
morgue or curio cabinet after a six- 
weeks trial Such devices were too 
difficult to use, or required too much 
supervision and maintenance 

Reliability is essential for indus- 
trial use A 10 percent variation in 
the output of a radio receiver over 
a period of time will be barely no- 
ticeable, infrequent clicks bemg 
ascribed to static, but such varia- 
tions in mdustrial devices might 


cause spoiled products or even loss 
of life 

This does not mean that elec- 
tronic devices are less reliable than 
their mechanical and electrical 
brethren It means only that elec- 
tronic devices require more in- 
geniuty and meticulous care m de- 
sign before they are manufactured 
and released for use 

Truly, mdustrial electronics is as 
replete with opportunities as it is 
beset with traps for the unwary 
Anyone who looks into a crystal 
ball and sees electronics doing most 
of the work in the homes and fac- 
tories of the future should have an- 
other crystal ball handy, into which 
he could peer and determine the 
date when these marvelous devel- 
opments will become available to 
customers 


® ® « 


MILLISECOND TIMER 

Can Be Used for Test and 

Experimental Applications 

Operating on momentary impulses 
of extremely short duration, a new 
millisecond timer is designed for 
use m factory test departments and 
experimental laboratories Among 
its industrial applications are the 
measurement of pull-m and drop- 
out timing of high-speed circuit 
breakers and relays, and timing of 
other high-speed operations 

The complete timer assembly 
comprises a millisecond timer move- 
ment and an electronic control chas- 
sis The timer movement is driven 
by a 115-volt, 60-cycle synchronous 
motor of the high-speed shaded- 
pole synchronous type The move- 
ment drives two hands over a dial 
that is calibrated m umts of 0 0002 
second and totalizes to six seconds 
before repeatmg The faster hand 
is driven at a speed of 600 rpm The 
timer movement is capable of re- 
setting the hands to zero from any 
position by the manual operation of 
a reset lever or knob The unit is 
made by Standard Electric Time 
Company 

STYRENE PATTERNS 

Removed From 

Molds by Melting 

Centrifugal casting of intricate 
steel parts produces accurate cast- 
ings requiring no machining One 
of the major problems, however, is 
that of getting the patterns out of 
the sand mold without dislodging 
sand and thereby destroying the 


fine details of the castmg In the re- 
cently developed electronic solution 
to this perplexing problem, a heavy 
sheet-metal cylinder serves to en- 
close the molding sand, and a poly- 
styrene pattern is used instead of 
wood The styrene is melted out by 
induction electronic heating applied 
to the metal cylinder, after which 



Induction electronic heating speeds 
up melting of polystyrene patterns 


the molten metal is injected into the 
cavity by centiifugal force 

A slow rate of heat of the styrene 
pattern is required at the start tc 
prevent excessive moistuie and al- 
cohol in the sand mix from explod- 
ing the mold On one set of samples, 
submitted to Commonwealth Edison 
Company engineers, the ideal 
seemed to be four one- minute cycles 
separated by one-minute intervals 
The method formerly used required 
from IV 4 to IVi hours to melt out the 
styiene 

BALL SORTER 

Employs Electronics for 

Extreme Accuracy 

Highly polished steel balls, all 
within 1/20,000 of an mch of the 
same size, are sorted mto groups of 
as many as ten size selections auto- 
matically by an electronic gage de- 



Steel balls from the hopper roll down 
the incline, metol fingers in vocuum 
tube circuits sort them automottcolly 


veloped by Jack and Heintz, Inc The 
balls m any one group then differ 
in diameter by only ten millionths of 
an mch, a precision more than ade- 
quate for the finest ball bearings 
One operator can handle four ma- 
chines easily, and these will sort 
more balls than 32 skilled operators 
could do with conventional measur- 
ing equipment The operator merely 
fills the Plexiglas hopper, and re- 
moves the sorted balls fron^ their 
individual containers a few seconds 
later Vacuum tubes connected to 
contact fingers sort the balls 
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A Hell mobile refueling unit tcive& time and trouble 


AVIATION Conducted by ALEXANDER KLEMIN 


Flying Aids 

Aviotion Gas Stations — Complete With Fuel, Oil, and Intormotion Serv- 
ice-Offer Increased Sofety and Convenience to the Pilot A Number 
of Combination Automobile and Aircraft Stations Have Their Own 
Flight Strips Fire-Fighting Equipment Adds to Overall Safety 


M any an old-time pilot recalls 
with mingled feelings the 
day when to take up a plane for 
even a short cross-country hop was 
very much of an adventure Once 
safely off the rough flying field, 
often just missing the boundary 
fence by inches, he climbed slowly 
above the tree tops and silently 
prayed that his engine would not 
start missing on half its cylinders 
Always he kept his eyes open for 
possible emergency landing spots — 
an open field, a golf course, or a 
rambling estate, where he was sure 
to find a welcome from the owner 
if he developed engine trouble and 
was forced to land Barring a sud- 
den rainstorm, or unexpected ground 
mist, he arrived at his destination 
safely and climbed out of his plane 
with a feeling of genuine relief The 
local garage would supply him with 
gasoline of sorts, filtering it through 
a chamois cloth which the pilot 
wisely carried m the plane with 
him And if he needed any minor 
repairs to his plane, which frequent- 
ly was the case, the garage me- 
chanic would set to with what tools 
he had available Happily — those 
days are gone forever 
Today a pilot takes off knowing 
that his engine will not stop just as 
he rises from the emooth airport 
And as he gams height he can see, 
within easy gliding distance, not 


one, but perhaps several well kept 
airports And he can be infoimed 
beforehand that the weather at the 
airport where he plans to land is 
clear, with no ram or fog hiding it 
from view 

Flying today, thanks to the intel- 
ligent co-opeiation of eveiy one con- 
nected with flying, from the oil com- 
panies to accessory manufacturers, 
IS rapidly becoming not only a pleas- 
ant pastime but, to the busy execu- 
tive, an invaluable time saver 

Profiting by its many years of ex- 
perience in assisting motorists who 
purchased gas at its roadside filling 
stations, Standard Oil Company 
(New Jersey) has prepared a small 
plastics Flight Data card which it 
gives to every pilot who gasses up at 
an Esso station In addition, the 
company provides him with what- 
ever flying mformation he may re- 
quire such as the latest reports con- 
cerning weather ahead as well as 
other flying aids to insure his safety 

BETTER FUELS — ^There are many 
other ways m which the oil com- 
panies are helping flying m general 
and private flying in particular 
They are making available to the 


private flyei 80- octane gasoline 
which IS really as high a fuel rating 
as the current makes of engines in 
private flying require In fact, they 
are making an effort to cieate uni- 
versal acceptance of 80-octane gaso- 
line for private flying Some private- 
ly owned aircraft of the executive 
class having engines exceeding 450 
horsepower may require 91-octane 
and will get it The best fuels will 
now be available to flying generally 
and not to military and naval flying 
only 

The roadside gas service station 
has in many i espects become the 
equivalent of the old coaching inn 
The service station is the place 
where the motorist stops off and 
seeks refreshment for man and 
“beast,” only his beast is a mechani- 
cal one In the aviation gas stations 
are also clean rest rooms, attractive 
merchandise displays, and a lounge 
where flyers may rest Motorists 
have long used credit cards valid 
all over the United States Esso is 
planning mtemational credit cards 
for aircraft owners that will be good 
all over the world In addition to 
the pilot’s flight data card described 
previously, he will be given quick 
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calculators for estimating distances, 
fuel consumption, and so on 
The oil compames have also un- 
dertaken to educate the flymg public 
m matters of lubrication, quite as 
thoroughly as they have done in 
regard to the lubrication of the auto- 
mobile One oil firm has prepared a 
fine “check- chart” for airplane 
lubrication No part of the an plane 
IS left unnoticed An an ow leads to 
such parts as Elevator Tab Diive 
Drum Beanngs, Tail Wheel Shock 
Strut, Aileion Hinge Beanngs, and 
so on For each moving part the 
proper lubi leant is indicated, to- 
gether with the appiopiiate lubii- 
cating mtcival in flymg houis The 
same chart carries piactical instruc- 
tions for filling shock struts and fuel 
tanks Such a chait is an indication 
of the fact that private flymg is be- 
coming as frequent and almost as 
common place as automobilmg Will 
the oil companies issue flymg maps 
like the maps which many motoiists 
treasuie in the pockets of their cais^ 
Not as yet They do not wish to entei 
into competition with the compli- 
cated aciial navigation chaits which 
the United States Coast and Geo- 
detic Suivey issues twice a year 
Considerable thought is being 
given to the development of com- 
bination loadside automobile and 
ail Cl aft service stations, with flight 
strips laid out behind the seivice 
station Several of these have al- 
ready been established As private 
flymg inci eases m volume the 
flight-stiip gasoline stations will al- 
so increase m number 

MOBILE FUELING -Manufactui ers 


Right Partioily cut- 
away vitw of 0 
flooded suction sys- 
tem for gasoline 
storage ond delivery 
ot on otrport In 
this Bowser 
Company set-up, the 
pumps are locoted 
below the level 
of the tonks 

Below Cross -section 
of 0 water ond 
gasoline segregotor 
developed 
by Wright Field 




units Instead of taxymg the heavy 
expensive planes up to the hxed 
fueling station, losing time and ef- 
Uni m the piocess because the au- 
ciaft has to be caiefully positioned 
light at the fuel pumps, the mobile 
lefueler is drawn into position di- 
lectly opposite the fiont of the 


fueling apparatus Welded tank con- 
struction, concealed hose reel, emer- 
gency valves, streamlme design, and 
“ti ailenzed” construction are only a 
few of the things which engineers 
have built into these trucks The le- 
fuelei can travel over the roads as a 
trailer or semi-tiailer at 40 miles 
an hour It can pump fuel fiom a 
tank car into its own tank undei its 
own power, or pump fiom a tank 
car into a stoiage tank, or pump 
fuel out of as well as into a plane 
Fuel meters and fire extinguishers 
are also part of the equipment 
A highly important part of the re- 
fueler’s equipment is its segregator 
which automatically compensates foi 
variations in gasoline and removes 
any water which may be present 
It IS based on the simple principle 
that water and gasoline have dider- 
ent specific gravities The segregator, 
developed by Wright Field engi- 
neers, has a float valve which is bal- 
anced to float in water and sink in 


of accessories aie co-opeiatmg in plane Two wing tanks may be filled 

many ways m the common task of simultaneously fiom two rear hose 

aiding civilian flymg An example Oi, by using the two icar hose and 

IS in the provision of mobile units one side compaitment hose, the 

for rapid fueling and set vicing of wing tanks and the belly tanks of 

airplanes These units aie very planes may be filled at one time 

popular and the gieatei peicentage Capacities of the mobile refueleis 

of aircraft fuel today is pumped aie enoimous, running to 4000 oi 

from tank tiucks or traileis into air- even 5000 gallons 
craft fuel tanks The Heil Company Theie is a gicat deal of engmeer- 
has done much pioneering m such mg design that goes into such re- 



Fire- fighting at on airport with a Cordox crofh truck 


the lighter gasoline When the watei 
accumulating m the segregator 
bowl rises to a point where it lifts 
the float valve, the water is auto- 
matically discharged to the outside 
Experimental work is m progress 
m the use of pressure filters for the 
removal of not only water but of all 
solids down to specified measure- 
ments These filters are made up of 
paper or fabric packs, and the de- 
gree of purity IS governed by the 
number of packs and the degree of 
piessure used The solids accumu- 
late directly m the packs which 
have to be periodically changed or 
cleaned Water is passed off either 
automatically or manually at the 
bottom of the filters Air is elimi- 
nated by means of an air release, 
the air rising to the top of the filters 
where it is accumulated and auto- 
matically passed off 
But if the mobile airplane refuel- 
ing unit is considered a remarkable 
piece of engineering, the fueling 
system at some airports is a revela- 
tion to the uninitiated Growing 
ail plane traffic and gasoline con- 
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sumption necessitated underground 
fuel storage and motor driven pumps 
as early as the 1920’s The first sys« 
tern mstalled consisted of an imder- 
ground storage tank, an electrically 
driven rotary pump, centrifugal 
strainers, and a pipe line to an un- 
derground pit containing a meter 
and hose mounted on a hand-op- 
erated reel Since those days, many 
new developments have come, and 
the Bowser Company has developed 
many fueling refinements Rotary 
pumps have largely, for many rea- 
sons, been superseded by flooded 
centrifugal pumps These centrifugal 
pumps are located below the level 
of the tanks and the fuel flows to 
them by gravity to mamtain the 
flooded suction condition There are 
many valves, strainers, and other 
accessories, such as air and vapoi 
eliminators in the system Pumps are 
installed in an underground pump 
house The system will deliver avia- 
tion gasoline at any desired point 
on the hangai apron 

FIRE PROTECTION — Until non- 
flammable safety-fuel comes into 
general use, the extinguishing of 
gasoline fires resulting from crash 
landings is a vital matter The Car- 
dox Corporation has given the AAF 
much valuable service m the de- 
velopment of fire extinguishing 
trucks, which are now coming into 
civil use Fires due to a crash land- 
ing are the toughest of all to ex- 
tinguish, fed as they are by hun- 
dreds or even thousands of gallons 
of aviation gasoline The problem of 
extinguishing them is a surprisingly 
technical one But the principle is 
simple, involving the discharge of 
tons of carbon dioxide, released at 
low pressure, (but with great rapid- 
ity and power) m combination with 
“foam” discharged at high pressure 
The Cardox airport fire trucks have 
saved hundreds of planes and many 
lives The mass discharge of carbon 
dioxide, supplemented by the 
blanket of foam, cuts a path to the 
heart of the fire so that the rescue 
of entrapped personnel may fre- 
quently be started within five to ten 
seconds after the truck reaches the 
scene of the fire^ 

FUTURE — Safe and comfortable 
private flying is already here It is 
daily increasing in volume With the 
cost of planes now within the reach 
of many, department stores m the 
larger cities are displaying and sell- 
ing them Thousands of young mili- 
tary-tramed flyers are returning to 
civil life 100 percent air-minded 
The future of civilian flying and re- 
lated industries is assured It re- 
mains only for more and far-reach- 
mg flying facilities to be developed 


to see airplanes rival the earth- 
bound motor car in popularity and 
— what IS more important — ^maxi- 
mum safety 

9 $ ^ 

THE DC-8 

Has Enclosed Liquid- 

Cooled Engines 

The airliner most commonly seen 
for many years is the famous and 
sturdy Douglas DC-3 But the best 
of things must come to an end, and 
even the DC -3, splendid as its ser- 
vice has been, must give way to 
more advanced design ideas Theie 
IS no doubt that Douglas engineeis 
have taken a long step forward in 
bringing out the new DC -8, they 
have been both origmal and bold 
in their conceptions 

In the DC-8, there are no engines 
in sight and the huge twin counter- 
lotating propellers are mounted 
astern of the fuselage The two 
liquid-cooled Allison engines of 
1200 horsepower each are mounted 
under the forward cargo compart- 
ment and drive the rear propellers 
through gears and shafting some 
60 feet in length It is a disadvantage 
to have so long a transmission sys- 
tem, but this disadvantage is more 
than balanced by the many ad- 
vantages which the new power plant 
system has introduced 

Thus, the DC-8 has twin engine 
safety without the offset thrust 
which IS such a nuisance on more 
conventional twin-engined airciaft 
The “center-line thrust” is going to 
be very helpful in single-engine 
emergency flying Because the en- 
gines are hidden inside the fuselage, 
the surface of the wing is beautifully 
clean, with greater aerodynamic ef- 
ficiency and a better lift distribu- 
tion along the span Because the pro- 
pellers are aft, the wing can be 
placed quite close to the ground, and 
this makes for easy entry of pas- 


sengers and cargo mto the fuselage 
Again, the shorter landmg gear 
saves weight Because the propellers 
can be made large in diameter, take- 
off and climb are improved* 

It has been said that Douglas will 
have many difficulties to surmoimt 
because of the long transmission 
system, but these difficulties should 
be well worth facmg And the speci- 
fications are very attractive The 
new transport will have a payload 
of 12,000 pounds at 300 miles range, 
and will carry 48 passengers and 
2400 pounds of baggage at 223 miles 
per hour The direct operatmg cost 
per ton mile will be only 3 5 cents 
Maximum gross weight will be 
39,500 pounds and wing span will be 
110 feet 

TWO-CYCLE ENGINE 

Appears fo Have 
Many Advantages 

Engineers have frequently said 
that a two-cycle aircraft engine 
would have decided possibilities 
Now General Motors Corporation 
announces a new 200 -horsepower 
liquid cooled engine, radial in type, 
which seems to have solved the 
two-cycle difficulties At any rate, 
it has very attractive specifications 
The engine has four cylinders, and 
is provided with a supercharging 
blower which provides not only 
scavengmg but also increases per- 
formance and gives reserve power 
for take-off and high altitude flight 
Although the piston displacement is 
but 250 cubic inches, or about the 
displacement of a conventional auto- 
mobile engine, the engine is rated at 
200 horsepower and the weight, dry, 
is only 275 pounds 
This engine is perhaps the only 
small liquid -cooled motor ever Built 
for aircraft use, and the diameter 
is only 35 inches Fuel consumption 
IS comparable to other engmes of 
similar power, runnmg about 13 
gallons an hour on 91 octane gas 
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HIGHWAY TRANSPORTATION Conducted by LESLIE PEAT 


Power Brakes 


Motor Vehicle Brakes, on the Average, Must Absorb Ten Times as Much 
Energy as the Engines Develop Despite the High Energy Absorption of 
Airplane Brakes, They Are Not Yet Adaptable to Automotive Use Cur- 
rent Limits of Braking Systems Must be Overcome in the Future 

A lthough it appears that there Johnson, Jr , of Bendix-Westing- 
IS no satisfactory substi- house Automotive An Biake Com- 
tute for periodic inspection of mo- pany At a recent symposium on 
tor- vehicle brakes, scores of le- brakes hold by the Metropolitan 
search and development projects are Section of the Society of Automo- 
under way to improve this phase tive Engineers, he declared that cur- 
of automotive design Since a tre- rent loads imposed upon biaking 
mendous amount of work is afoot to systems demand pioper balancing 
improve vehicle powerplants, and of the brake effoit, plus periodic in- 
extended research has been and is spection and adequate maintenance 
being concentiated upon new fuels 

and matching them to the engines COMPLEX SYSTEM — Only com- 
of the future, powei brake develop- paratively recently has the brake 
ment is a natural corollary Several evolved fiom a fairly simple me- 
engineers are exploring the possible chanism to a complex system of 
use of the gas turbine for vehicles, highly specialized and effective 
and they admit that with prospec- units, without the aid of which mo- 
tive faster acceleration and highei tor transportation of passengers and 
speeds, brakes will be forced to freight as it is known today would 
handle unprecedented loads in dis- be impossible In the power brake, 
sipating the huge kinetic eneigies the composite action of all the units, 
contemplated from the intake of the compiessor 

During recent years the establish- on the engine to the point of contact 
ment and exploitation of funda- of the tire on the road and the last 
mental prmciples of braking have fitting or couplmg on the truck and 
offset, in importance, many of the trailer train, is effective and efficient 
ingenious powei -brake develop- only in proportion to the fitness of 
ments, m the opinion of Stephen each for the part it must contribute, 




How the eddy-current supptementory broke u instolled on o troctor-troiier unit 


if the final result is to be all that is 
desired or possible 
The analogy between the prime 
mover and the power brake is close 
Both derive their capacity to per- 
form useful work from the engine 
The power of the engine is trans- 
mitted through the clutch, trans- 
mission, and axle — and the wheels 
turn If the frictional resistance of 
the road to the slipping of the wheels 
IS not exceeded, the rolling of the 
tiles on the road moves the vehicle 
When this motion is to be reduced 
or stopped, the same source of en- 
ergy — the engine — and the same ful- 
cium — the adhesion of the tires to 
the road — are utilized, but the im- 
pressed forces are so disposed as to 
resist, instead of sustain, the rota- 
tion of the wheels 
Some of the horsepower of the 
engine is utilized to drive the com- 
pressor or pump which supplies a 
convenient and manageable pres- 
sure to suitable reservoirs This 
pressure is transmitted through 
pneumatic or hydraulic mechanisms 
to the brake chambers on each 
wheel, and the resultant force is 
carried to the brake drum through 
the cam and brake shoes, thus set- 
ting up the required resistance to 
the rotation of the wheels 
As greater speeds become com- 
monplace, the loading imposed on 
brake systems has increased apace 
Engmeeis used to think that prac- 
tically all the effectiveness of the 
power brake was m the performance 
of the air or hydraulic devices, and 
that only a little of the effectiveness 
or efficiency came from the founda- 
tion brake gear However, it was dis- 
covered that this ratio might well 
be reversed, without an efficient and 
properly designed foundation brake 
gear, the most highly developed and 
most efficient power brake mecha- 
nism is of little value. The brake 
which can transform the pressure of 
compressed air or brake fluid into a 
very great mechanical force needs 
a foundation brake rigging suffi- 
ciently rugged for the application of 
this force If this is not provided^ 
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Automotive engineers were recently given informotion on advances in aircraft brake developments Left above is the 
original Linderman expander brake tube The British Palmer tube is shown at (2) and the B F Goodrich tubes at (3) 


every undesirable condition m biak- 
ing that can be conceived may oc- 
cui 

Some of the impoitant opciating 
developments of recent years which 
have aggravated the biake problem 
are 

1 Higher opeiating speeds made 
possible by finer highways lequitc 
increased stopping ability with safe- 
ty 

2 Adoption of larger section, 
smaller nm diameter tires inciease 
the cooling pioblem and limit the 
diameter of brake drums 

3 State legislation which limits 
the overall width of the vehicle 
makes it difficult to find space foi 
adequate biake drum and lining on 
many vehicles 

BRAKE HORSEPOWER -Naturally, 

the power plant or motive power 
equipment used to produce motion 
m a motor vehicle is very impor- 



tant, and a great deal is heard about 
the horsepower of the engine and 
the top speed of the vehicle A great 
many claims are ^o made regard- 
ing the lapid accelefation which the 
incieasmgly powerful engine makes 
possible It is just^^p important to 
slow down or stop Jbvehicle once it 
has been set in motion, but it is sel- 
dom that anyone boasts about the 
horsepowei of the brakes 

A modern truck or bus, in start- 
ing from a dead stop, requires at 
least one minute — for the most 
powerful — up to one and one-quar- 
ter minutes for the average, to ac- 
celeiate to a speed of 60 miles pei 
houi 

This same modern truck oi bus, 
having brakes in good condition, can 
stop from a speed of 60 miles per 
houi in six seconds The engine of 
the modem vehicle is able to de- 
velop anywhere from 100 horse- 
power and up, fhsfefore, since the 
brakes can stop the vehicle from 
60 miles per hour in one tenth the 
time that the motor requires to ac- 
celerate the vehicle to this speed, 
the brakes must be ten times as 
powerful as the engine If the powei - 
plant develops 100 horsepower in 
accelerating to 60 miles per hour, 
then the brakes must develop 1000 
hoisepower to stop the same vehicle 
with the same load in one-tenth 
the time 

The engine has an elaborate cool- 
ing system to protect its woiking 
parts from the effects of wear Wa- 
ter IS carried m the cylinder block 
and head and circulated by pumps 
through a radiator mounted in the 
best position to take advantage of 
the cooling breeze There is also 
a fan which helps to keep the op- 
erating temperature of the motoi 
low On the other hand, the brakes 
which do the same amount of work 
many times faster than the motor, 
are mounted on the wheels under- 
neath the fenders The present-day 
streamlining has brought the 
fenders down on the sides and ends, 
making it very difficult for cooling 

Right and left Back and front views 

of Wogner't outomotic brake odfuster 


air to reach the brake drums and 
carry away excessive heat 

Brakes are mounted in positions 
which expose them to all the dirt 
and muddy water splashed from the 
load by the tires This tends to 
lowei their efficiency 

LUBRICATION PROBLEMS - The 

engine has a highly efficient lubri- 
cation system which insui es that 
parts intended to slide over one an- 
other can do so with a minimum of 
resistance Braking systems some- 
times have the correct amount of oil 
and giease in the coirect places, but 
most of them have insufficient lubri- 
cation on sliding contacts and too 
much oil or grease m places where 
they do not belong, such as on the 
lining suiface 

These considerations are among 
those which have lead to an earnest 
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RCA Laboratories ^Center of Radio and Elostronk Rosoarch 


RCA Laboratoiics at Princeton, N J , aie 
far more than one of the most modern and 
best-equipped laboratories ever built It is 
a community of scientists, research men 
and technicians -each a top man in his field 
—each working with the other— contribut- 
ing wherevci and whenever his specialized 
knowledge will help 

It IS a “university of ide^is”— wheie vi- 
sions are graduated as practical realities 
where human wants aie fulfilled through 
the creation of new products and processes, 
new services and markets 

It IS a birthplace of scientific, industrial 
and social progress for the entire nation 


It IS the reason why anything beaiing the 
letters “RCA”— fiom a radio tube to your 
television receivei of tomorrow— is one of 
tile finest instruments of its kind that science 
has yet achieved 

For just as the RCA electron tube, tele- 
Msion receiver, radio, or the Vietiola is 
stamped by the RCA trademark, so does 
the product itself bear a stamp eif expeii- 
enee and research that gives RCA pre-emi- 
nence in the field of ladio and electronics 

Radio Corporation of America, RCA 
Building, Radio Citv New Yoik 20 Listen 
to The BCA Show, Sundays, 4 30 P M 
Eastern Time, over the NBC nettimk 



PIONEERING 

Scientists and research men who 
work in RCA Laboratories made 
many vital contributions in help- 
ing to wm the war through appli- 
cation of radio, electronic, radar 
and television techniques Their 
skills now are devoted to peace- 
time applications of these sciences 
At RCA Laboratories the elec- 
tron microscope, radar, all-elec- 
tronic television (featuring the pre- 
lection system for the home) and 
many other new instruments of 
radio, including hundreds of new 
electron tubes, were developed to 
improve and to extend the serv- 
ices of radio around the world 


RADIO eORPORATIOM of AMERICA 
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A self-centering broke 
developed 
Wogner Electric 
The ossembly photo 
shows (1) the 
fixed onchor end (2) 
the spring thot 
holds the rounded ends 
of the shoe segments 
(3) snugly to the anchor 


seaich for new and improved brak- 
ing systems for motor vehicles 
Manufacturers have scanned the 
field of aircraft brake engineering, 
in the hope that some of the tre- 
mendous effort put into this work, 
by large outlays of taxpayers’ 
money, might give them a clue In 
general, the expander tube and disk 
types of airplane brakes cannot take 
the long periods of braking that are 
imposed on motor vehicles as com- 
pared with aircraft The concensus 
among brake engineers seem to be 
that they would cost at least three 
times as much as the present shoe- 
type automotive vehicle brake But 
the translation of th^se aeronautical 
achievements is going ahead, be- 
cause of the increase in braking re- 
quirements for the years to come, 
as compared with the cuirent 
“limits” of vehicle brake systems 

• e 

DIESELS AND FUELS 

Both Will Change 

Engineers' Concepts 

New concepts of Diesel engines 
and their fuels have obsoleted the 
pre-war yaidsticks of the cetane 
number scale, and the Navy has 
asked the engine and petroleum in- 
dustries, through the Society of 
Automotive Engmeers, to look into 
this question in view of super- 
charged Diesel power-plants and 
additive fuels The cetane number 
indicates merely the minimum 
quality of fuel foi starting engines 
and to pi event excess smokmg 

Several years ago the Navy under- 
took to standardize Diesel engines 
on all of its ships — large and small — 
and the war caught the Navy Bu- 
reau of Ships short on supply of 
power-plants One of the most press- 


A I ecent study made by J George 
Oetzcl, of Warner Electric Brake 
Manufacturing Company, shows that 
the passenger car, commercial ve- 
hicle, and city bus force their re- 
spective biakes to absorb, and to 
dissipate, on an average, a kinetic 
energy of 2455 foot pounds per 
square mch of active dium surfaces, 
whereas, m airplanes, brakes must 
have an energy absoiption of about 
12,000 foot pounds per square inch 
of active drum surface He believes 
that brake drum and lining per- 
formance must be raised m order to 
chart the course of future develop- 
ment In the meantime, he has been 
working on the development of an 
electrical brake system which em- 
bodies the eddy-current principle to 
supplement the friction type brake 
— particularly in opeiating over 
hilly and mountainous roads 

e 

ing of war production jobs was get- 
ting enough Diesel engines built for 
our Navy and for the needs of our 
Allies In the meantime, little de- 
velopment work on either fuels or 
Diesel engines has been done smee 
the engmeering staffs of all the 
engine builders have been busy 
on manufacturing problems of their 
own plants and those of their sub- 
contractors and parts suppliers 
That a new measuring device is 
needed is shown by the fact that by 
the addition of a small amount of 
amyl nitrate to Diesel fuel of 44 ce- 
tane number, a Diesel engine can be 
made to produce the same power 
output per gallon as on 50 cetane 
fuel containing no additive 
Conversely, the newer concepts 
of fuel and increased supercharging 
of engines will require fimda«» 
mental changes in the thinking of 


engine designers of tomorrow to ob- 
tam the best combination of engine- 
to-fuel relationships* While the po- 
tentialities of tomorrow’s power- 
plants remain barely scratched, the 
recent emergency directed many an 
eye toward the future 

HANDICAPPED DRIVERS 

To Be Aided by 

Research Now Underway 

Development of drivmg aids de- 
signed to enable disabled war veter- 
ans safely to operate cars and trucks 
has been undertaken by the War 
Engineering Board of the Society of 
Automotive Engmeers in co-oper- 
ation with Army officers, motor ve- 
hicle administrators, medical so- 
cieties, and rehabilitation hospitals 

The technical committee is now 
testmg some of the devices installed 
on the committee’s experimental 
automobile When the work is fin- 
ished, the information will be made 
available to car, vehicle, and acces- 
sory manufacturers, garages, and 
others who may be interested 

LIGHT ENGINE 

Made Largely of Aluminum, 

Has Auto Possibilities 

Courting the attention of automo- 
tive engineers is the Skinner gaso- 
line engine, built largely of alumi- 
num die-castmg weldments, and 
soon to be manufactured m quantity 
by Jack and Hemtz, Inc Developed 
by Ralph L. Skinner over a period 
of 20 years, the engine is believed 
valuable as an auxiliary m bomber 
aircraft by AAF officials because of 
its relatively large power output 
due to an eight-to-one compression 
ratio and high speed Weight as 
light as 1 75 to 2 horsepower per 
pound is claimed for it 

It IS a double opposed or “pan- 
cake” type, and is designed so it 
can readily be converted from the 
28 horsepower two-cylmder imit to 
multiples thereof Therefore, its 
sponsors believe, it will fit readily 
into the automobile’s future if it can 
be produced at a reasonable cost 
per horsepower 

Detroit reports mdicate that Henry 
J Kaiser and Joseph W Frazer are 
interested m the Skinner- Jack and 
Hemtz proposition An immediate 
consideration, in respect to price and 
availability, is the large surplus of 
aluminum alloys resultmg from war 
order cutbacks on the one hand, and 
the continued shortage of gray iron 
castings — despite these cutbacks — 
on the other Old-lme automobile 
companies are currently havmg 
trouble m getting sufficient gray iron 
castings for their projected manu- 
facturing schedules. 
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SENSITIIMRI Wil IXICXINS 

LENSES a PRISMS 



SILVERED TANK PRISM 

Stock #3004$ $2 00 Each Postpaid 

PLAIN TANK PRISM 

Stock #3005$ $2 00 Each Post pa d 

FOUR TANK PRISMS— Special $7 00 Postpaid 

The most stnsalional bargain we have efer been 
able to offer 


HOLD PRISM IN SUN'S RAYS 



TANK PRISMS 

In order that tho tank driver shall not get shot 
In the facOo 2 of these silvered Prlema are used 
to make a Periscope We have m cured a number 
of these that are very stit,htly chipped, making 
possible their sale at a very low price They are 
90-45-45 degree Prisms of huge size — long 
2 ^^ wide, finely ground and polished Used to 
build a Periscope excellent also for expert- 

ments classroom demonstrations Some of our 
Ingenious customers have used these prisms to 
make camera stereo attachment lange finder, 
etc Priam easily converted into desk nnme 
plate by affixing gold letters 100 gold letters 
supplied at only 10c (Order Stock #3008-S ) 
Normally these Pi isms would retail from |24 to 
|30 each 

TO 8EK TUB COTaORS OF THE SPECTRUM, 
hold a plain tank prism in suns lays as shown 
in di awing White incident light which passes 
through prism is thus broken up Into a band of 
primary colors known as the spectrum — a beau- 
tiful sight' By looking through a tank pi lam 
at a certain angle you can see a world of 
( olors everywhere Truly amazing' 


SPECIALS IN LENS SETS 

Set #1 S— “Our Advertising Special” — 15 Lenses for 
$1 60 Postpaid, plus 10-page idea booklet For copying 
ULTRA CLOSE UP SHOTS, macropliotography, experl 
mental optics magnifying and for making a two power 
f/16 Telephoto lens, “Dummy Camera, Kodaclirome 
viewer DETACHABLE REFLEX VTLWPINDKK for 
mm cameras, 8tereo<icopic vkwer ground glass and 
enlarging focusing aids TEI.BSCOPES, low Power Micro- 
scopes and for many other uses 

Set #15 S— “The Experimenter’s Dream '—62 Lenses, 
Prisms and Optical Items and New 50 Page Book, “Fun 
With Chipped Edge LensM ” $15 00 Postpaid The 
variety of 1 ensee and Prisms In this set will enable you 
to conduct countKsg experiments build a gnat vurkty 
of Optical Equipment A sensational buy 

NEW 50 PAGE IDEA BOOK “FUN WITH 
CHIPPED EDGE LENSES” 

Contains wide variety of projects and fully covers the 
fascinating uses of all Leases In sets listed above 
only $1 00 Postpaid 

OPTICS FROM 4 POWER PANORAMIC TELESCOPE™ 

Excellent condition Conolsts of Objective Prism Dove 
Prism, Achromatic Objective I/eas Amiri Roof Prism Eye 
Lens Set ( a $60 00 value) 

Stock #5016 S $6 00 Postpaid 

14 POWER COLOR CORRECTED MAGNIFIER SET— 
( onsLsts of 2 perfict 1 8 mm diam Achromatic I/enses 
aixl section of metal tubing for mount 
Stock #1044 S $1 55 Postpaid 

RAW OPTICAL GLASS An exceptional op 
porUinlty to secure a large variily of Optical 
Pieces both Crown and Flint glass (seconds) In 
varying stages of processing. Many prism blanks 
Stock #703 S— 8 lbs (rain weight) 

$5 00 Pastpaid 

Stock #702 S— 1</2 lbs $1 00 Postpaid 

SPECTROSCOPE SETS lliLae sits contain 

all Lenses and Prisms you need to make a 
Spectroscope plus FREE 16 page Insiructlun 
Booklet 

Stock #1500 S — Hand Type Spectroscope 

$3 45 Postpaid 

Stock #1501 S— Laboratory Type Spectroscope 
$6 50 Postpaid 

CLEANING BRUSH SET For Lenses, OpH 

cal instruments, etc Perfect quality —12 Inch 
Fkxlble Plastic handle hollow circular const 
Range from stiff to very soft 4 Brushes to set 
Stock #504 S -(Reg. $6 00 value) 

Price $1 00 Postpaid 


MISCELLANEOUS ITEMS 

Stock No Item Price 

2024 S- 10 Pieces Circular A 1 Plate (Hass (Diam 

31 mm — tor making Miter) 25 

3021 S— Amici Roof Prism (3rd (Irade) Enh 25 

4009 S — Heat Absorbing Olass 1 x 6" Each 35 

4010 S— Heat Absorbing Glas<, 2" x 2" Each 10 

523 S— Six Threaded Metal Reticle Cells 25 

26 S — First Surface Aluminized Mirror, Diam 

Each 25 

624 S^^^Neutral Ray Flltir size 4%" x 2%'^ 25 

3022 S — Round Wedge 66 mm Diam Fnch 5 00 

22 -Intlinometer — Aircraft I jpt Each 25 

704 S— I ens Cleaning Tissue one rtam (480 

sheets), slzi 7%'^ x 11" 150 

1030 S' 2 ' Dl im Reducing I..* ns k^acti 25 

1031 S — Perfect •> Power Mngnllkr — Diam 28 mm 

Loch 25 

2043 S — StaiKiard Crossline Utlkle'— Diam 29 mm 

Each 50 

1034 S — Burning Glass Ltns Each 25 

(Minimum Order on Above — ^100) 


COLOR FILTERS 

1 Red and 1 Yellow FIlUr In following Diam 


20 mm (stconds) 40c 31 mm (seconds) 

12 5 mm (seconds) 70c 45 5 ram (seconds) 

87 mm (seconds) 70c 

(Minimum Order on Above — $100) 


70c 

90c 


Stock No Type 

PRISMS 

Uisi 

Width 

Base 

L( ngth 

Price 

3040 S— Right Angle 

33 mms 

23 mms 

$100 

3049 S— Right Angle 

69 mnia 

167 mms 

10 00 

3047 S- -Rigfit Angle 

53 mma 

103 mms 

400 

3038 S- Roof Prism 

13 mms 

84 mms 

250 

3042 S' - Right Angle 

41 mms 

40 mms 

100 

3045 S— Right Angle 

70 mms 

108 mmi 

8 00 

3001 S — •! ens Surface 

20 mms 

14 mms 

2 00 

3009 S — Porro 

52 mms 

25 mms 

100 

3016 S— 'Pentagon 

46 mms 

22 mms 

75 

3029 S— Dove 

10 mms 

65 rams 

125 

3036 S — 80 Degree Roof 

60 mms 

86 mms 

400 

6136 S -^Rhomboid 

20 mms 

17 mms 

50 


All Items Finely Ground and Polished 
hut Edges Slightly Chipped or Other 
Slight Imperfections Which We Guar^ 
antee Will Not Interfere with Thar 
Use Come Neatly Packed and Marked^ 

YOU CAN EASILY MAKE 

Telescopes, Magniflers, PhotographNc Gadgets and Hun 
dreds of Experiments with these Low Coit Lenses 
Excellent also for XMAS gifts 

To translate millimeter measurements 25 4 mm quals 
one inch 

MONOCULAR SET OF 
LENSES AND PRISMS 

From Navy s 7 x 50 Binocular All the optics you 
need to make a 7 Power Monocular Complete Di 
rrctions includ(>d 

Stock #5101$ $5 00 Postpaid 

MICROSCOPE SETS 

Consisting of 4 Omented Achromatic Lenses for mak 
lug a 40 Power Pocket Microscope or 140 Power reg 
ular size Microscope llitse color corrected Lenso^ 
will give you exiclUnt dtllnliion and may be used fn 
Micro pliot(»graphy 

Stock #1037 S $3 00 Postpaid 

Consisting of Prism Mirror and Condensing Lens 
These used together with Sloik #1037-8 will make an 
exiillint micro projK tor enahling you to get serten 
ma„niflrallon of 400 to 1 000 Power according lo 
set cm distance 

Stock #1038$ $2 00 Postpaid 

ALL THE LENSES YOU NEED TO MAKE 
YOUR OWN TELESCOPE! 

ALL ARE ACHROMATIC LENSES 


GALILEAN TYPE — Simplest to make but has narrow 
Field of View 
Stock #5003 S— 

Power of elifier 5, 6 or 10 $160 Postpaid 

Stock #5004 S— 

Small 2 Power Pocket Scope $1 00 Postpaid 

TERRESTRIAL TYPE- Have much wider Field of 
View than G ililean Type 

Stock #5007 S— 11 Power Telescope $3 20 Postpaid 

Stock #5008 S — 20 Power Telescope 3 45 Postpaid 

Stock #5009 S — 40 Power Telescope 7 45 Postpaid 

PRISM TELESCOPES— ^Uses Prism instead of Lenses 
to hrcct linage and art murti shorter than Terrestrial 
r\|ii Have wide field of view 
Slock #5010 S — 6 Power Telescope $3 00 Postpaid 

Stock #5011 S — 1 1 Power Ttleseopc 3 25 Postpaid 

Sto k #5012 S— 20 Power Telescope 7 25 Postpaid 

LENS FOR KODACHROME EYE VIEWER— 
( nlor corrected cemented Lena 38 mm diam 
1 iiKd) F L 

Stock #6129 S $100 Postpaid 


TANK PERISCOPE 

Complete Set Mounted Components 

Ku>.,h» (J MtioiiK otif^innlly constiuelctl 
foj I s lunk Corps C on-s«lMte of 2 fine 
I’fiiMtope Mirrors mounted fn m«nl 
un«i plaatir iVrffct condition Onl\ 
pljuooil bi d\ frame Is required to 
finish this pxrepllonal Teilarope First 
auifacp mirror is well protected bv 
Kins* windows Set weiRha 2^ Iba 
Ovprall length of mount width 

2%" Would norrnallv retiill at $40 to $50 
Stock #700 S $3 00 Complete Set Postpaid 
TWO SETS (4 UNITS) 

SPECIAL $5 50 Postpaid 


OMtfR BY SET OK STOCK MO. « SATISf ACTION GUARANTEED 

EDWIIIII SUTAGE COIIPIUIT >P.O. AUDUBON, HEW JERSEY 
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PETROLEUM 


Conducted by WESLEY 0 ARCHER 


More Oil From Wells 

A Method of Horizontal Drilling, Using a Turbine-Operated Bit, 
Holds Promise of Opening New Oil Horizons Applied to Old and Seem- 
ingly Exhausted Wells, this New Procedure May Make Available Mil- 
lions of Barrels of Oil that Otherwise Would Remain in the Earth 


W HILE guesses aie constantly 
being made as to the prob- 
able extent of the peti oleum re- 
sources of the woild and the length 
of time it will take to exhaust them, 
petroleum engineers have steadily 
improved pioduction from older oil 
fields by dulling deeper wells and 
utilizing improved means of ex- 
tracting the ciude oil known to he 
under the surface 
One of the latest methods of more 



efficiently tapping the known under- 
ground sources of crude oil is that 
invented and put to use by John A 
Zubhn, a Los Angeles manufacturer 
of drilling equipment His method is 
to drill several holes in a horizontal 
direction, stemming many feet from 
the oiigmal veitical bore of an oil 
well Thus a greater area of oil pro- 


ducing formation is tapped by the 
ouginal boie Up until nsow the only 
successful method of mechanically 
increasing diainage mto a well has 
been by “gun-pei foi aling” — shoot- 
ing of bullets through the sides of 
the boie into the foimation But 
bullet holes aic small and can pene- 
tiate only a few incKc^ into the oil 
sands 

Assuming that an oil well extends 
down into a producing oil sand foi 
a distance of say 60 feet, it would 
noimally diain only 60 feet verti- 
cally By dulling a series of eight 
hoii/ontal holes, eachc^TOO feet in 
length, an additional 800 feet of 
diamage can be added, or in the 
ratio of 13 to 1 * 

Of couise, the actual aiea drained 
by any well dulled through oi mto 
a producing sand is problematical 
This applies whether the hole is 


veitical or penetiates the sand at an 
angle, as when the well is drilled by 
diiectional control to leach a prede- 
termined point some distance from 
the surface location or when the 
bore “wandeis” from the vertical 
The flow of oil to the bore is gov- 
erned by many natural factors such 
as peimeabihty and poiosity of the 
sand and the cementation of the 
giains, and by adverse factois tend- 
ing to retard the flow of fluid into 
the bore, such as infiltiation of wa- 
ter fiom dulling mud, plastered 
faces due to use of impioper mud, 
and sloughed sand 
As a well pioduces, the flow of oil 
to the bore increases and movement 
of fluid from the outer ciicumfer- 
emce of the assumed drainage area 
becomes less Actually, the true 
chainage aiea piobably shunks as 
the well pioduces and much more 


Left Three units 
required in 
drilling a horizontol 
hole A mandrel, o 
curved, flexible 
drill pipe, and a 
pressure operated 
turbine bit 


Right Detailed 
drawing showing the 
construction of 
the Zublin turbine 
bit used in 
drilling 

horizontal holes 
from Q 
vertical bare 
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America has much to be thankful for 

Abroad we have overcome enemies 
whoso strength not long ago sent a 
shudder of fear throughout the world 

At home we h<ive checked an enemy 
that would have impaired our economy 
and our American way of life That en- 
emy was inflation— runaway pnccs 

llie credit for this achievement, hke 
the credit for military victory, belongs 
to the people 

You— the individual American citizen 
—have kept our economy strong in the 
face of the greatest inflationary threat 
this nation ever faced 

You did it by simple, everyday acts 
of good citizenship 

You put, on the average, nearly one- 
fourth of your income into War Bonds 
and other savings Tho 85,000,000 
owners of War Bonds not only helped 
pay the costs of war, butalso contributed 


greatly to i Mtabli , prosperous postwar 
nation 

You, the individual American citizen, 
also helped by cooperation with ration- 
ing, price and wage controls, by exer- 
cising restraint m your buying and by 
accepting high wartime taxes 

All those things relieved the pressure 
on prices. 


THE TASK AHEAD 

We now set our faces toward this future 
a prosperous, stable postwar America 
-^an America with jobs and an oppor- 
tunity for all 

To achieve this we must steer a firm 
course between an inflationary price 
rise such as followed World War I and 
a deflation that might mean prolonged 
unemployment Prices rose more sharply 
after the last war than they did during 
tho conflict and paved the way for the 
depression that followed —a depression 


wluch meant unemployment, business 
failures and farm foreclosures for many 

Today you can help steer our course 
toward a prosperous America 

—by buying all the Victory Bonds 
you can afford and by holding on to 
the War Bonds you now have 

—by cooperating with such price, 
rationing and other controls as may 
be necessary for a while longer 
—by continuing to exercise patience 
and good sense with high faith in our 
future 

The challenge to America of switchmg 
from y ar to peace with a minimum of 
clashing gears is a big one 
But it a small one compared to the 
tasks this nation has accomplished since 
Sunday, December 7, 1*^41. 



Secretary of the Treaeury 


\ ( 


ovrrnmoiit m^^wiitrc propur**<l by tho Advortminif Council nnd cuntribiitod by 


this tnuipucina in coot>er«t!on with the MnsMliit. PiihlUiheni of Ameriem 
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oil at a distance from the well is left 
in the sand than is left in the area 
immediately surroundmg the bore 
Moreover, additional retarding fac- 
tors enter the picture, both in the 
sand itself and at the face of the 
hole Among these are fine sand 
clogging the pores of the oil-produc- 
ing sand, sloughing sand in the hole 
or around the liner, and deposition 
of colloidal and residual matter 
from the oil itself 

The drilling of horizontal tribu- 
tary holes from the vertical bore 
provides a means of increasing the 
movement of oil from the entire 
drainage area of a well Each of these 
horizontal drain holes establishes 
an individual drainage area within 
the assumed range of the well and 
provides a passage for the flow of oil 
from its drainage area to the original 
vertical hole Horizontal drilling is 
therefore advantageous when drill- 
ing new wells, in old wells for stimu- 
lation of production, for production 
from wells that have fallen below 
the economic limit, and in wells be- 
ing produced by secondary methods 
such as pumping 

HOW IT IS DONE — The equipment 
for horizontal drilling consists essen- 
tially of a tuibine bit and flexible 
drill pipe The bit is rotated by the 
drilling fluid — watei and mud — 
which is circulated by the mud 
pumps, the fluid being maintained at 
a suitable viscosity for operation of 
the bit The drill string is not ro- 
tated during the normal course of 
drilling the horizontal hole 

One or more horizontal holes may 
be di died from the vertical bore, 
the number being determined by 
the well conditions and the experi- 
ence of the operator The holes take 
off from the well in a vertical arc 
and may be located at desired verti- 
cal distances above each other The 
holes can be started at any point in 
an open hole or through windows cut 
in the liner or casing The direction 
of the horizontal holes may be pie- 
determined and the holes started 
off in any desiied direction by prop- 
el ly orienting the drill string in the 
well 

The lower part of the drill string 
used for drilling a horizontal hole 
consists of the number of joints of 
flexible drill pipe necessary to carry 
the hole for the distance from the 
vertical bore to the pomt in the 
sand to which the horizontal hole is 
to extend The bottom flexible joint 
to which the bit is attached is made 
from a curved section of drill pipes 
This causes the hole to start off m 
an fire as the bit begins cutting The 
othei flexible joints fire straight and 
follow the curved joint along the arc 
which it establishes The upper por- 


tion of the drill string is made up 
of conventional drill pipe 

The flexible joints at the lower 
end of the drill string are made 
from 4^4 inch flush- joint drill pipe 
A spiial slot is cut through the wall 
of each joint of pipe throughout its 
entire length and the joint is Imed 
with a high pressure rubber hose, 
made fluid tight at each end to pre- 
vent leakage of the power- circulat- 
ing fluid The spiral slot provides 
adequate flexibility for the pipe to 
change from a vertical to a hori- 
zontal direction as it passes from the 
veitical well bore into a horizontal 
hole 

The curved flexible joint used at 
the end of the stung, and to which 
the tuibme bit is attached, is made 
by cutting a spiral slot in a joint 
of dull pipe that has been bent to a 
definite radius and heat treated to 
maintain its curved form A 25- foot 
radius joint will allow the hole to 
continue in approximately a hori- 
zontal direction after the vertical 
arc from the bore has been drilled 
since gravity causes the curved 
joint to straighten out as the bit 
continues to bore the hole Should a 


slightly upward mclination be de- 
sired for production reasons, a 
curved joint of smaller radius can 
be used 

Before the curved section of pipe 
IS lun into a well, a mandrel is in- 
serted as a core Thus the curved 
joint IS held m a straight position 
until it has reached the point of op- 
eration Then the mandrel is with- 
drawn and the curved pipe is allowed 
to assume its curved form within 
the limits of the hole in which it is 
confined 

THE TURBINE BIT-The rotary 
turbine bit attains a high rotational 
speed by means of power derived 
from the energy of the fluid pumped 
down the drill string The cutting 
action of the bit depends in part 
upon the tendency of the cutter 
teeth to lift and drop the bit A high- 
ly efficient bearing mechanism is 
therefore provided to carry the axial 
loads imposed by the tendency of 
the bit to rise and fall 

The entire bit — including housing, 
turbme, and cutting member — is 
made as short as possible to provide 
for starting the curved hole with 
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which the horizontal hole takes off 
from the vertical The overall length 
IS only 20 inches The driving fluid 
IS discharged as close to the cutting 
teeth as possible in order to remove 
cuttings from the bottom and to 
keep the bit and well bore clean 

DRILLING PROCEDURE-In opera- 
tion, the turbine bit is attached to 
the bottom of the curved joint of 
flexible pipe which is flexed to a 
straight position and kept straight 
by the mandrel Above this are the 
lequired number of straight flexible 
joints to reach from the vertical boro 
to the point in the sand where the 
horizontal hole is to end These 
make up the lower portion of the 
drill string which consists otheiwise 
of conventional dull pipe When the 
bit reaches the depth at which the 
horizontal hole is to take off from 
the vertical, the mandrel is removed 
and the lower joint allowed to re- 
turn to its curved form to the ex- 
tent the hole will permit The drill 
string is then hooked up to the 
pumps which deliver the mud- water 
fluid at a piessure of from 225 to 
600 pounds per square inch, or suf- 
ficient to operate the turbine drill 
bit at 4000 revolutions per minute 
When the pumps are started, the 
bit, being forced by the curvatuie 
of the flexible pipe against the sid^ 
of the vertical hole, will begin to 
dig into the wall of the bore and 
start a new hole at the point wheie 
it is positioned 


& ^ ^ 

WEED KILLING 

Petroleum Spray Leaves no 
Residual Taste in Vegfables 

Overcoming the chief disadvan- 
tages of weed-killing fluids with 
which faimers have experimented 
for many years, a new petroleum - 
derived weed-killing spray has been 
developed which is reported to im- 
port no taste to the vegetables 
whereas sprays of kerosme and 
other petroleum fractions have of- 
ten ruined entire crops because of 
their residual taste 
Known as Sovasol 5, the new 
weed killer has completed a fuP 
season of field tests, according to 
Socony-Vacuum Oil Company, Inc 
who developed it Recommended 
only for use in carrot, parsnip and 
parsley fields, it has been successful 
in destroymg weeds at a cost of less 
than $12 an acre as compared to $60 
an acre m hand-pulling methods 
The weed-killer is a thin, water- 
white liquid that evaporates, leav- 


ing no apparent residue Within a 
few hours after its use, the weeds 
begin to wilt and in a few days ap- 
pear as if they had been killed by 
a sudden frost 

About 80 gallons of the liquid 
are required for each acre, and 
almost any kind of spraying appa- 
ratus may be used, elaborate equip- 
ment being unnecessary Experi- 
ments have shown that it is im- 
portant to treat areas when the 
carrots have reached the two or 
foul leaf stage A second treatment 
may be applied the following week, 
if desired, but it is rarely necessary 
Slightly better results have been 
noted when spiaying is conducted 


on damp days but this is said to be 
relatively unimportant 
Destruction of weeds is impor- 
tant in carrot, paisnip, and parsley 
production since these vegetables 
aie so slow to germinate that weeds 
may gain headway before they can 
be pulled out without injuring the 
tender plants In the great carrot 
growing areas of the West such as 
the Salma, San Joaquin, and Imper- 
ial valleys of California and the 
Yuma and Salt River valleys of 
Arizona, where cost of irrigation is 
also an important agricultural item, 
destruction of weeds is most im- 
perative because of their competi- 
tion with the crop foi water. 



Ingenious New 

Technical Methods 

To Help You with Your Reconversion 
Probloms 



NOW ANYONl CAN GRIND THREADING TOOLS I 
,-WITH MASTER GRINDING GAUGEI 

Until the advent of the Aero Master Grinding 
Gauge, only a skilled mechanic could grind thread- 
cutting tools to the required degree of accuracy. 
Now anyone can do it— in less time, with less 
waste, with even greater precision’ 

Tha cutting tool is simply placed in slot of the 
Master Grinding Gauge, and thumb screws hold 
It tightly in place, at the proper angle, while being 
ground on any type of surface grinder’ The Gauge 
is made of hardened tool steel There are no deli- 
cate or moving parts to get out of order Milled 
slots at top and bottom provide correct grinding 
angles A small set strew at end, eliminates any 
lateral motion There is nothing special to learn 
—anyone can use it' 

Anyone can be ’’helped on the Job*’ by Wrigley’s 
Spearmint Gum^ too, once this quality product 
again becomes available. Just now, no Wrigley*s 
Spearmint Gum is being made, and until condi- 
tions permit its manufacture in quality and quan- 
tity for everyone, we again urge you, please, to 
“Remember the Wrigley’s Spearmint wrapper *’ 
It IS our pledge to you, of the finest quality and 
flavor in chewing gum— that u^r// be back! 

You can got compute mformatton from 
Aero Tool andDst Works, 4^54 Broadway, Chicago 40, III 




/ / 


Aero Mastor Grinding Oougo 



Romomoor (hit wrapper 
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IN OTHER FIELDS Conducted by The Staff 


'Mightiest Nothing' 


Helium, Best Known for its Use in Airships, is Being Developed for 
Mony Other Purposes, Today it Finds Important Applications in Deep- 
Sea Diving, Medicine, and Welding as Well What of the Future? 

By LEWIS NORDYKE 


M ention of hehum bungs to 
most a vague notion of 
something with which to inflate bal- 
loons and blimps But this rare, in- 
ert, gaseous element, which is an ex- 
clusive product of the United States 
because it has been found in impor- 
tant quantity only in the natural 
gas of some of our mid-conlincnt 
fields, has proved to be a precious 
possession with increasing numbeis 
of vital war, industrial, and medical 
uses — from welding parts for B-29 
bombers to starting breath in new- 
born babies 

Scientists refer to the gas as our 
“mightiest nothing This is because 
helium is tasteless, odorless, color- 
less, non-flammable, non-cxplo- 
sive, and non-poisonous, it has only 
one seventh the weight of air and 
steals into places where few other 
things can go, but it is so aloof it 
won’t combine with other elements 
Helium, often found with natural 
gas, cannot be made from anything 
else It is an individualistic element 


Its “non-everything” propel ties 
aie what make it great, it is mde- 
stiuctible and can be used under 
any conditions because it leaves no 
after-effect in the human body oi in 
the snorting hot nozzle of a welding 
torch 

The United States has had this 
piize possession to itself since 1918, 
when the government started sepa- 
lating helium from natuial gas foi 
use in inflating airships and bal- 
loons It was consideied so impor- 
tant for this purpose that the Bu- 
leau of Mines of the Department of 
the Interior took over control of pro- 
duction, and helium became a gov- 
ernment monopoly Not until 1937, 
when Congress passed a law permit- 
ting the sale of surplus helium to 
anyone needmg it,\ was the gas 
available to private interests and the 
general public, even for adequate 
research War-time needs were so 
great that production was stuped 
up almost unbelievably, now, for the 
fiist time, there is plenty of helium 



A gas well m the Rattlesnake field 


for piesent and potential uses, at 
reasonable cost The importance of 
the fact that the United States had 
helium and knew how to use it as 
a war mateiial can’t be exaggeiated 

GERMANY WANTED IT - Helium 

is the one thing Geiman scientists 
didn’t have Geimany begged foi it 
in 1937 after the Hmdenhurg ex- 
ploded and burned over Lakehuist, 
New Jersey The plea was on the 
grounds that the non-explosive gas 
was needed for the furtherance of 
commercial lighter -than -air craft 
Seci etary of Interior Harold L 
Ickes decided that Germany might 
want the gas for military experi- 
mentation or use, so he refused to 
approve exporting the helium 
Not long after the German sub- 
marine packs started blasting our 
coast-wise and sea-going shipping, 
the Navy was able to send out fleets 
of helium-filled, snub-nosed blimps 
to search out and destroy the subs 
Admiral Charles E Rosendahl re- 
ported that not a ship was lost from 
a convoy protected by the sausage- 
shaped gas bags, which were also 
used for rescue and observation 
at sea Helium lifts observation bal- 
loons for the United States Weather 



All photoffrapha from Baroau of Hints, Dopartmont of the mtertor 

Multiple-cylinder tonk car for troniporting helium 


364 


SCIENTIFIC AMERICAN 


DECEMBER 1945 



Cannino ahrimp in fhr 
Rohinaon Canning Co 
Plant WeatwegOj La 
Corrosion treated EX- 
ACT WEJQHT Scales 
c?ieek-weioh each i an 
for overweight and un- 
derweight Each can is 
accurate 


IJp from the Brin^ Deep • • . 

Ufil«as you live on the coeat the ahnmp for your cockteil probably 
cornea from a can Tons and tons of gulf coast shrimp are taken yearly 
proceaaed and canned No industry we know of is harder on equip 
ment This is due to salt air and salt water which literally eats up 
ordinary unprotected metals EXACT WEIGHT Scales have turned to 
chrome, stainless steel and corrosion treatment to protect scales under 
these dithcult working conditions and with success With ordinary care 
scales now last longer, work better and deliver higher accuracy than 
before. This is just another industry among 54 others, with more than 
50,000 users served by these famous scales Remember the name 
EXACT WEIGHT Scalea, the pioneers in the field of predetermined 
weights for industry Write for details for your operation 




&aict 


IHE EXAa WEKHT SCAlE COMPANV 


65 West Fifth Ave., Columbus 8, Ohio 

r>ept Ad 78} Yonge St, Toronto, Canada 


Bureau and has proved to be of tre- 
mendous value to military weather 
men With the vast expansion of 
aviation, weather stations had to be 
moved to the air fields Sounding 
balloons carry instruments high in 
the sky for recording data from 
which essential long-range forecasts 
are made Use of explosive gas is 
dangerous aiound airports, helium 
IS as safe as a child’s breath 

METAL WORKING -- The use of 

helium in war industiy has been of 
extreme importance, as it now is in 
peace-time It makes possible the 
welding of light metals so essential 
to airplanes Magnesium, which is 
only two thirds as heavy as alumi- 
num, and of amazing stiength, is 
ideal for aircraft, but it can’t be 
welded satisfactoi ily in the ordinal y 
manner Fiie fiom the torch might 
Ignite it and it would disintcgiate 
like a Fouith of July spaikler With 
a helium-carrymg tube in its nose, 
the welding toich snorts out a thin 
shield of the gas that won’t burn 
This constant shield protects the 
magnesium fiom the air and makes 
possible an effective, smooth weld 
Helium has proved as valuable in 
the welding of stainless steel, and it 
promises revolutionary improvement 
m the weldmg of many metals Many 
precision tools and metal paits aie 
shaped while the steel is soft and 
then given the i ight temper, or hai d- 
ness, through heat treatment Even 
the most caicfully worked metal 
may develop objectionable piopei- 
ties through absoiption of oxygen 
(known as oxidation) if, after heat 
tieatment, it cools m the natuial at- 
mospheie When cooled m an inert 
atmospheie of helium, oxidation is 
impossible 

UNDER WATER— A synthetic at- 
mospheie of helium and oxygen has 
revolutionized deep-sea diving Un- 
til helium-oxygen mixtures were 
used, the maximum depth for a 
diver was about 300 feet, and he 
could stay theie only a few min- 
utes, now — as a result of co-opeia- 
tive research by the Buicuu of Mines 
and the Navy Department — he can 
stay at that depth for six hours and 
can woik at a depth of almost 600 
feet for shorter periods When 
breathing oidinaiy air while under 
high pressure at gieat depths, the 
diver may suffer temporary lapse of 
mental faculties, but in air con- 
taming a percentage of helium his 
mind remams clear The gas also 
reduces one of the biggest dangers 
to the diver on his return to normal 
atmospheric pressure caisson dis- 
ease, or the bends This is caused 
by bubbles of dissolved nitrogen 
popping out of the body fluids, as 


piessuie IS i educed, and collecting 
in joints an<V blood vessels In the 
nevr mixture, helium replaces nitio- 
gen and is less apt to cause bubbles 
because it is one half as soluble 
as nitiogen and diffuses out of the 
blood twice as fast 

Another new use for the gas is 
for inflation of airplane tires In a 
big liner sucri^ as the Lockheed Con- 
stellation, for example, use of the 
much lighter helium instead of air 
in the tires reduces the weight of 
the plane b^ 100 poimds 

IN MEDICINE— One of helium’s big 
futuie roles, that may well affect 
everyone, lies m medicine Nearly 


all fust-class hospitals aie already 
equipped with tanks of the gas 
Di Alvan L Baiach of Columbia 
Univeisity reports that helium has 
saved the lives of people with very 
seveie asthma A victim of asthma 
can take a few whiffs of an oxygen - 
helium mixture and get almost im- 
mediate relief The helium is so 
light it IS easier to breathe, it pene- 
trates clogged, swollen passages and 
carries with it the needed oxygen 
The gas is likewise used for treat- 
ing other respiratory ailments, in- 
cluding tuberculosis and pneumonia 
and m aiding infants whose lungs 
fail to expand normally at birth. 
People have died on operatmg 
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tables because of the explosion of an 
anesthetic in their lungs A mixture, 
which can’t explode, made by add- 
ing helium to the anesthetics, elimi- 
nates the danger Moreover, the 
light helium mixture goes into every 
nook and crevice in the lungs and 
when it IS exhaled it brings out a 
portion of the anesthetic that other- 
wise might linger in pockets and 
cause serious after-effects 

The gas also has promise m the 
tieatment of sinus infection Be- 
cause of its penetrating properties, 
it can go into passages which are 
stopped so tightly that air can’t en- 
ter 

PRODUCTION — The Bureau of 
Mines owns a lease on rich helium 
gas acreage in the Rattlesnake fields 
near Shiprock, New Mexico, two re- 
serves totaling 16,000 acres in Utah, 
and the 50,000-acre Cliffside field 
near Amarillo m Texas Before the 
wai, the sepal ation plant at Amarillo 
was the only one m the woild When 
the nation started arming, C W 
Seibel, supei vising engineer at the 
plant, was assigned the ]ob of in- 
creasing production Refineries were 
built at Otis, Kansas, at Exell near 
Amarillo, and at Shiprock The gas 
from the Rattlesnake field is richer 
than any other from which the Bu- 
reau of Mines has produced helium 
It has a 7 percent helium content, 
while the average of othei fields is 
less than 2 percent 

SALVAGE — By October 1945, pro- 
duction was so great that it became 
possible to close down all the plants 
except the one at ExelL This plant 
uses gas from commercial natural 
gas fields, consequently, no helium 
whatsoever is being taken today 
from the government’s rich reserve 
Instead, helium for future use is 
being pumped from the Exell plant 
and stored in the government owned 
Cliffside field 

For years, natural gas with 1 per- 
cent helium content had been going 
to commercial market, and the 
helium went along and was wasted 
The Exell plant was built to snare 
that wasted helium. The natural gas 
now goes through the separation 
plant and the helium is removed, 
then the natural gas, slightly im- 
proved as fuel because of removal 
of the non-buming element, goes 
back into the pipe Unes for use in 
homes and factories 'This was also 
the case at Otis Some 17 billion 
cubic feet of gas had been removed 
from the Cliffside field, so there is 
plenty of room for the storage ’The 
important thing aboijt this arrange- 
ment is the fact that helium that 
was formerly going to waste is now 
meetmg the present demand for the 


gas and at the same time mcreasing 
every day the supply in the gbvem- 
ment’s reserve 

Refinmg of helium is a fairly 
simple process, if the almost auto- 
matic separating equipment and re- 
frigeration system is taken for 
granted The natural gas containing 



Heat exchangers, reboilers, and col- 
umns of the carbon-dioxide removal 
equipment ot the Amarillo helium plant 


the helium is piped from the wells 
into the plant under pressure of 600 
pounds to the square inch It is first 
washed in a chemical solution to 
lemove carbon dioxide Then the 
gas goes into the pipes of a refrigera- 
tion system and is cooled to 300 de- 
giees below zero, Fahrenheit This 
liquefies everything except the 
helium, which is removed m gaseous 
form from the liquid and goes out of 
the plant into steel bottles or spe- 
cially-built tank cars, ready for 
shipment The remaining natural 
gas IS sold to a gas company 

DISCOVERY — Seibel has done more 
than any other person to develop 
helium from a laboratory play-thmg 
to a plentiful product of vital uses 
When he started toying with it as a 
student m the University of Kansas 
30 years ago, helium was a chemical 
curiosity It was first discovered in 
1868 by J Norman Lockyer, a 
Bi itish scientist, while he was study- 
ing light from the sun with a spec- 
troscope He found a spectrum line 
never before recorded, mdicatmg 
the presence of a hitherto unknown 
element in the flaming vapors of the 
sun He named the new found ele- 
ment “helium,” from the Greek 
“Helios,” meaning sun 
A small amount of the gas was 
found on earth in a radioacliive 
mmeral in 1895 by Sir William 
Ramsay of England, in 1905, Dr 


H P Cady, chemistry professor at 
the University of Kansas, analyzed 
gas from a near-by oil well and 
found that it contained 1 87 percent 
helium Seibel, a student of Dr 
Cady, wrote the thesis for his mas- 
ter’s degree on a study of helium, 
and m April, 1917, the month the 
United States entered World War I, 
read it at a meeting of the American 
Chemical Society m Kansas City 
At the time, there was about one 
cubic foot of helium in the United 
States It had been purified m a 
laboratory and was sold at the rate 
of $2500 a cubic foot Britain was 
pleading with the United States to 
try to develop a non-explosive fillei 
for airships 

Dr R B Moore, a Bureau of 
Minos chemist, and others obtained 
funds from the War and Navy De- 
paitments for helium research A 
nation-wide hunt for helium-bear- 
ing natuial gas started, samples of 
gas from every known field were 
sent to Seibel for analysis The most 
promising was one near Fort Worth, 
Texas Machinery used m liquefying 
an was modified so that it separated 
helium from natural gas When the 
war ended, there were 147,000 cubic 
feet of helium on the New Orleans 
docks leady for shipment to Eng- 
land It had cost less than 50 cents 
per cubic foot Since then the pro- 
duction cost has been cut to one cent 
per cubic foot, or less 

EXPANSION AHEAD^eibel thinks 
that great expansion in the uses of 
helium lies in the days ahead Since 
the end of World War II, he has 
been actively concentrating on the 
development of new uses for helium 
He has offered industrialists the co- 
operation of the Bureau of Mines 
in expel imentation and m providing 
the gas m adequate quantities His 
ultimate objective is to produce so 
much hehum at such low cost that 
industry and medicine will find more 
and more jobs for it to do 


^ ^ ^ 

STEEL-TO-GLASS 

Seal Malices Electron 
Tubes Airtight 

Fusing steel and glass in a perma- 
nent airtight seal for metal electron 
tubes IS now being done by a new 
method developed by Radio Corpo- 
ration of America The method pro- 
vides a more foolproof process, in 
addition to permittmg the use of a 
staple metal for the glass-to-glass 
seal in place of special alloys which 
are more costly and sometimes 
scarce. 
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The new procedure depends upon 
the control of processing so as to 
secure good ‘Vetting” of steel by 
glass At the same time, it incorpo- 
rates a mechanical design which 
provides compression strains at the 
glass-metal boundary, and thus 
compensates for differences in ex- 
pansion of the two materials 
The surfaces sealed by the new 
method are the outer edge of a fiat, 
roimd, glass button and the mside 
of a metal band known as the header 
msert The glass button serves to 
insulate the wire leads which con- 
nect mternal elements of the tube 
with the pins on the base The 
header msert is used to join the 
button to the header, a iing of 
steel which, with the button, forms 



Steel heoder insert is sealed to the 
glass button through which wire lends 
ore introduced into a vacuum tube 


the “floor” of the tube, and is welded 
to the open end of the metal en- 
velope to support the internal struc- 
ture and complete the enclosure 

The principle which now permits 
the use of steel for the header in- 
sert involves the fact that glass is 
a solvent for oxides By applying 
intense heat from fine jets of gas 
flame to the outside of the oxidized 
steel band, after the glass has been 
softened and pressed into a button 
inside the band, it is possible to 
cause any excess oxides to dissolve 
mto the glass Before this principle 
was applied, too much oxidation was 
as serious an obstacle as too little, 
the latter preventmg adhesion, while 
the former left a porous mterface 
between the metal and the glass 

CONCRETE CURING 

Tests Show Comparative 

Ultimate Strengths 

Comparative strength and wear 
tests of Portland cement concrete 
are reported in an article prepared 
by H C Volmer for publication m 
the Proceedings of the Highway Re- 
search Board The concrete speci- 
mens were stored at 70 degiees, 
Fahrenheit, and 50- to 60-percent 
relative humidity Six methods of 
curing — burlap, integral, and sur- 
face calcium chloride, and three 
samples of sprayed surface mem- 
branes — ^were used Damp burlap for 


18 hours with calcium chloride 
used either integrally or spread on 
the surface upon removal of the bur- 
lap, gave 28-day strengths of the 
same order as the three-day wet- 
burlap method The strengths ob- 
tamed with the three sprayed mem- 
branes were lower Compared to 
the specimens cured with burlap for 
three days, the specimens cured 
with surface or integral calcium 
chloride had higher wear resistance, 
and specimens cured with the three 
membranes had lower wear re- 
sistance 

FABRIC FIRES 

Depend Largely 

Upon Construction 

F LAMMABiLiTY of textile fabrics is 
not necessarily due to the kind of 
fiber from whicl>.the fabiic is made, 
but depends moie upon the con- 
struction of the fabric and paiticu- 


larly on whether the fibers used are 
brushed out or are m the form 
of a long pile, according to Dr 
Frederic Bonnet of the American 
Viscose Corporation in a discussion 
of current proposed legislation de- 
signed to curb the sale of flammable 
fabrics 

When fibers such as cotton, rayon, 
linen, or ramie are twisted together 
mto a thread and then woven into 
a compact cloth with few or no fine 
fibers protruding from the surface, 
they are not readily flammable, or 
subject to rapid combustion. Dr 
Bonnet pointed out When, however, 
such fibers are in a finely divided 
state and thus permit the ready 
access of an, they are lendeied 
quite flammable 

Flammability may also be caused 
by the use of a flammable finish 
applied to glaze the suiface and so 
make a fabric more easily clean- 
able, Di Bonnet said 


SOUTH BE 


LATHES 



Play an important part in 

Industrial Heseareh 


Nowhere is precision equipment more important than 
in the research work of industry For the exacting 
machine work required in the development of special 
testing equipment and experimental models, precision 
lathes are indispensable. Many industrial research lab- 
oratories, such as that of a large steel plant shown 
above, depend on South Bend Lathes because of their 
unvarying precision and time-saving versatility 

Lathe Builders For 39 Years 
SOUTH BEND LATHE WORKS 


458 EAST MADISON STREET 


SOUTH BEND 77 , INDIANA 


Writ* r«r 

NEW LATHE CATALOG 

This new 64 paije catalog is 
printed m full color It shows 
and describes South Bend 
Engine Lathes and Toolroom 
Lathes with ST to 16* swings 
and Precision Turret Lathes 
with 54" and 1* collet capaci- 
ties Complete specifications 
construction features and at- 
tachments are included Ask 
forCaUlogNo 100-D 


lY BONDS— 
fOB LAmes 
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HANOEE 1$ THE PRIZE GIFT 

Give a Handoe this year to 
your son dad friend— -give one 
to yourself It s not only a tool. 
It s a hobby a new outlook i 
Satisfy that urge to 
create Know the 
thrill of turning out 
professional - looking 
projects With the 
HANDEE you can 
make beautiful gifts 
or things to sell — 
ship train and plane 
models costume Jew- 
elry wood crrvlngs 
puppets initialed tum- 
bleiH engraved tra>s 

^OOL OP 
lOOl UOBO^ 


MAKE THINGS 
FROM 

WOOD • PLASTICS 
METALS • GLASS 
LINOLEUM 
LEATHER 
ALLOYS • HORN 
STONE • BONE. 
ETC 


A toolshop in your 
hand I The orif{inal i 
hand tool and today*! 
fine!t, HANDEE 
grinds, drills, cuts, 
carves, cleans, sands, 
saws, sharpens, en- 
graves« You*ll like its speed, its smooth 
performance Perfectly balanced, fits your 
hand — it*s fascinating, modern! Wt 12 
oz. AC or DC 25,000 r p m 


Postpaid with 7 accessories ^18 50 


GET A GOOD START 

GET THE HANDEE KIT 

HANDEE Tool and 45 most popular ac- 
cessories, in handsome, compact steel carry- 
ing case! Set includes steel cutter, drills, 
bristle brushes, 
polishing wheels 
and points, rub- 
ber disc, drum 
Sander and 
bands, mounted 
wheels, Speed 
Oil, sandpaper 
discs You’ll be 
amazed at what you can ac- 
complish! Complete, postpaid 
100 



NEWI ACCESSORY CASE 


Tool ownorft hav« b««i 
wanting it for years 
Sansattonal assortmon 
of finest quality, time 
tested accessories fo 
use on any portabL 
tool, packed in a steel 
hinged top carryini 
case IMMEDIATI 
^ DELIVERY Postpaii 

^25 00 (Handee Tool not included) 



CHICAGO WHEEL & MFG. CO. 

1101 W MONROE ST DEPT SA 
CHICAGO 7, ILL 

ORDER NOWl 

USE THIS COUPON 



Send ( ) Handee Tool 

Handee Kit ( ) Accessory Case 
Xncloaed Remittance ( ) O O D 
Bend Catalog 


Ciena 

!l 

Name 

Address 



New Products 

®nd Processes 


AIR-OPERATED FIXTURES 

A4ake Fast Precision 

Tapping Possible 

Use of simple air-operated combina- 
tion clamping and positioning fixtures 
on medium duty lead-screw tapping 
machines has made possible continuous 
high production precision tapping of 
even blind holes The loading speed and 
tapping accuiacy resulting from the de- 
sign of the simple two-position shuttle 
type fixtures permits^ the tapping ma- 



Pneumatic positioning ond clamping 
fixture in place on Upping machine 


chines to operate on automatic-repeat 
cycles, relieving the opeiators of the 
necessity of starting, stopping, and re- 
versing the machines 
The equipment — designed and built 
by Detroit Tap and Tool Company — 
compiises hand controlled air-cylinder 
and piston operated shuttling fixtures, 
with two-piece work holders bearing 
on conveigent vertical ways of clamp- 
ing and horizontal locating, and verti- 
cal positioning pins for accurate control 
of tapping depth The taps for blind 
hole tapping are standard four fluted 
“Detroit” taps ground with a short 
chamfer, driven at approximately 70 
feet per minute and guided by lead 
sciews that are not subjected to the 
cutting torque 

ELASTIC SILICONE 

Unaffected by 

Intense Heat 

Built upon a totxgh, heat-stable 
skeleton of silicon and oxygen atoms, 
Silastic, a family of elastic silicone 
products, is the latest group of 
high polymenc organo-silicon oxide 
polymers to develop from laboratory 
research into commercial production 
These new rubbery silicones provide 
another class of silicone products which 
fill the need for rubbery materials 


combimng heat resistance with elas- 
ticity or compressibility 
Silastic, developed by the Dow Com- 
ing Corporation, now provides a group 
of engineering materials which remain 
elastic and compressible at tempera- 
tures of 300 degrees, Fahrenheit, for 
long peiiods and can be used at tem- 
peratures up to 480 degrees, Fahren- 
heit, for certain applications Silastic 
covers a senes of heat-stable, oxida- 
tion-resistant elastic silicone products 
characterized by their good dielectric 
properties and chemical resistance 
Silastic is furnished compounded ready 
for molding, extruding, or coating in 
several stocks covering a range of 
physical properties and hardnesses This 
new product opens new Imes of engi- 
neeiing thought wherever the problem 
can be solved by a material which re- 
tains its compressibility at elevated 
temperatures It also retains flexi- 
bility at temperatures far below zero, 
together with good electrical properties, 
arc-resistance, chemical mertness, and 
water-proof qualities 

TWO-COLOR FINISHES 

Applied in One Coat 
By New Spray Gun 

Two-coat spatter finishes and simu- 
lated hammered finishes which give the 
effect of ludescent metal aie now pos- 
sible in one spraymg operajtion with 
a newly-developed spray gUn which 
spiays two colors simultaneously 
through one nozzle 
Ideally suited for decorating automo- 
bile dashboards, radio cabinets, sewmg 
machines, lighting fixtures, vacuum 
cleaners, and other metal products 
where a finish combmmg beauty and 
durability is desired, it provides a one- 
operation finish that is more durable, 
faster, and cheaper to apply than con- 
ventional hammer and spatter finishes 
requiring two or thiee operations The 



It looks like an ordinary spray gun, 
but It applies a new two-color finish 
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smooth finish, moreover, has no dust- 
collecting cracks, wrinkles, or fissures 
typical of crackle and wrinkle finishes 
Known as the Dimenso gun, a de- 
velopment of the Sherwin-Williams 
Company, it differs but slightly from 
ordinary spray guns in appearance or 
operation It has the normal spray fan 
control valve and fluid control valve, 
trigger assembly, head, fluid tip, and 
needle However, it has an additional 
fluid inlet near the head of the gun to 
accommodate the second color paint 

PRODUCTION WELDING 

Speeds Market Tryout 

For New Product 

Spot welding with automatic or semi- 
automatic equipment can be employed 
to get certain types of products on the 
market economically and with much 
greater speed than has heretofore been 
possible With the aid of assembly spot 
welding, a cabinet company was able 



Assembly spot-welding of tobies cor- 
ned out with minimum of investment 


to produce a trial lot of all-steel utility 
tables without major investment in 
production equipment on the part of 
the manufacturer Portable gun spot 
weldmg — carried out m the job welding 
department of Progressive Welder Com- 
pany — was the fabricating method used 
A standard C-type Progressive port- 
able resistance welding gun was used 
to make the spot welds Only a smgle 
clamping type rotary work-holding 
fixture was necessary to complete the 
assembly of the tables A production 
speed of 16 tables per hour with one 
operator was attained, thus permittmg 
the entire lot of 5000 units to be placed 
in the hands of the retailer some five 
weeks after the inception of the project 
This number of all-steel tables of one 
size is generally considered a high 
production run and normally involves 
considerable financial investment in 
^es, jigs, fixtures, and other equip- 
ment with which to fabricate the units 
Use of spot welding made possible the 
production of the 5000 tables at a 
minimum overall cost and so permitted 
large-scale local sampling of the market 


t SECOND 

HAVING celebrcrted its lOOth An- 
niversary in 1945, SCIENTIFIC 
AMERICAN will, in 1946, continue 
to provide its unique industrial- 
editorial service. 

WITH an outstanding Board of Editors and Con- 
tributing Editors (see Contents Page), SCIENTIFIC 
AMERICAN is eminently geared to report the very 
latest developments in industrial science. And 
not only to report but to interpret and evaluate 
as well. 

WHEN you give SCIENTIFIC 
AMERICAN this Christmas, you'll 
ibe giving your friends a year's 
supply of good ideas which can 
be used in solving their business 
problems. Its the perfect gift for 
men in all fields of industry! 

LIST your friends on the hcmdy coupon (use blank poper for 
other names). We will send them attractive gift cords ot Christ- 
mas omnouncing that you have entered gift subscriptions to 
SCIENTIFIC AMERICAN in their names. They will appreciate 
your thoughtfulness twelve times a yearl 


SCIENTIFIC AMERICAN 
24 West 40th Street 
New York 18. N. Y. 


Enclosed is $ for which please enter Gift Subscriptions 
to SCIENTIFIC AMERICAN, for one year, to be sent os indicated 
below: 

Send To 

Address 

City State 


Ordered By 
Address . 

City State 

□ Extend my Subscription 


GIFT SUBSCRIPTON RATES 
— ONE YEAR — 

One Subscription $4.00 

Two Subscriptions $7.00 

Each Additional Subscription $3 00 

You may count your own renewal 
(Theso rates are good only in U S A Proper) 
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IF YOU MAKE OR REQUIRE 
ANY SMALL INTRICATE 
MACHINED PARTS — FER- 
ROUS OR NON FERROUS 
MATERIALS, 

• NOT over 6 inches in size 

• NOT over 14 lb in weight 

• NOT under 25< in cost os 
mode by your present method 
YOU MIGHT SAVE MONEY BY 
USING LOST WAX METHOD 
PRECISION INVESTMENT 
CASTING 

Consult 


BAKES CASTING 

126 West 46th Street 
New York 19, N Y 



Scientific American’s 
two telescope Imoks 

AMATEUR TELESCOPE 
MAKING and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals. Came the war. Hun- 
dreds of new optical industries 
sprang up Fewer amateurs found 
time to make telescopes, yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Officials 

For their Technical Staffs 

For their Workmen 

Why? 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry’s offices 
in the nation They ”rate.” 

Amateur Telescope Making $4 00 
postpaid, domestic, foreign $4 35 
Amateur Telescope Makmg — Ad- 
vanced ^5.00 domestic, foreign ^5 35 

24 West 40tli St., New York 18, N. Y. 

SCIENTIFIC AMERICAN 


for this particular item in a space of 
time generally held to be insufficient 
to make even a cursory market analy- 
sis 

DIE GRINDER 

Is Air Cooled for 
Continuous Operation 

INCREASED-POWER pneumatic die 
grinder for continuous high speed op- 
eration has a one-piece housing of alu- 
minum alloy with head, muffler, and 
throttle lever blending with the gen- 
eral housing contour 
Special construction features include 
the built-in oil reservoir which holds 
oil for eight hours’ operation and which 
may be filled by simply removing one 
screw Oil is metered to the grinder 
through an automatic feeder device in- 
corporated in the tool 
Cool exhaust air circulates around 
the finned surface of the cylmder, per- 



Compoct oir-optrGtGd grindtr 


nutting continued operation at high 
speed without over-heating 
Bearings are ngidly mounted in end 
plates for perfect almement and ac- 
curacy and packed with grease for 
1000 hours’ operation A special shield 
keeps grease in and grit and dirt out 

THERMOPLASTIC TAPE 

Provides Insulation and 
Protects Against Abrasion 

Transparent and flexible, a new ther- 
moplastic tape, which greatly facilitates 
inspection and servicing of equipment 
on which it is applied, is useful not 
only as electrical insulation but also to 
protect wirmg, cables, *and equipment 
against abrasion The tape is heat seal- 
ing, flame resistant, flexible at low 
temperatures, and resists attack by 
acids, alkalies, moisture, oil, grease, 
and corrosive fumes With proper ad- 
hesives, It may be bonded to fabrics, 
metal, ceramics, wood, and other ma- 
terials 

Fibron tapes, made by the Irvington 
Varnish and Insulatmg Company, have 
been applied successfully as gasketing 
material, in the construction of auto- 
motive and aircraft lighting and igni- 
tion harnesses, and in splicing plastics 
insulated wire and cable. 

CURVED TANKS 

Have High Strength 
For Many Uses 

P RE-FORMING of the sides of stainless 
steel tanks to a curve determined 


by hydrodynamic principles has m- 
creased tremendously the tanks 
strength per weight, accordmg to the 
Rodney Hunt Machine Company, which 
has been using such tanks m its textile 
wet finishing machines 
The success of this “built-m” natural 
curve opens up many possibilities for 



Sides ore curved for high itresgth 


adaptations to other fields than textiles 
and the Rodney Hunt firm has already 
made tanks of this design for several 
applications in the chemical and food 
processing industries 
The tank illustrated shows how the 
curved sides do not have to be rein- 
forced with supports which would be 
needed to resist pressures built up by 
liquids inside a typical straight-sided 
tank This prmciple can be applied to a 
wide range of sizes and styles 

SPEED CLAMP 

Tightened Quickly, 

Released Instantly 

In addition to an extra deep throat, 
for which there have been many re- 
quests, a new type of “C” clamp incor- 
porates “quick-action” features It is 
claimed that the clamp can be posi- 
tioned instantly by simply pushing 
down on the ratchet screw (eliminating 
waste time and motion required to run 
down the conventional type of clamp 
screw) and tightening with a turn 
of the lose-proof handle The clamp 
is said to release instantly by merely 
loosening the handle and pushing with 
thumb or finger on the trigger release 
pawl which frees the ratchet screw so 



A push and o turn lock tkis now clomp; 
It It quickly relooted by the trigger 
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The Editors Recommend 


that the clamp is ready immediately 
for application to work of any other 
size or thickness 

This new Grand clamp is claimed to 
hold work with a firm tension grip on 
any surface, even slanting or irregular, 
and is equipped with replaceable ball 
and socket swivel to prevent shifting or 
creeping The trigger release pawl is 
described as havmg hardened teeth 
which hold a meshed grip under spring 
tension on the ratchet screw while 
the clamp is set 

TOWING HANDLE 

Telescopes Under 

Hydraulic Table 

TELESCOPIC towing handle has been 
added to the hydraulic elevating table 
made by the Lyon-Raymond Corpora- 
tion Extended, the handle provides 
means for easily moving the table from 





for easy moving of tobies 

place to place Collapsed, the handle is 
below and under the table top wheie it 
will not interfere with operations m- 
volving transfer of materials across the 
table or suppoit of overhanging pieces 

EYE PROTECTION 

Afforded by Gradient- 

Density Sun Glasses 

Sun glasses that permit flyers to look 
directly at the sun by tunung their 
eyes upward yet give them normal 
horizontal vision have recently been 
developed Called gradient-density sun 
glasses, they shield the flier’s eyes from 
the sky or bright sun above and the 
glare from water, sand, or other reflec- 
tion below 

Through the center, they are com- 
parable with ordinary sun glasses, 
transmittmg about 20 percent of the 
light, sufficient for normal, daytime 
vision m sunlight They are coated 
with a stainless steel film of micro- 
scopic thickness, the density of which 
is gradually increased toward the top 
and bottom of the sun glass lenses so 
that light transmission at these pomts 
IS about 1/lOOth of one percent, suffi- 
cient for comfortable vision while look- 
ing directly at the sun. 

The gradient-density sun glasses are 
made either with the gradation on both 


PROCEDURES IN EXPERIMENTAL PHYSICS — 
By iohn Strong FkJ} A wraith of uaeful data of 
a practical kind lor the conatructor, experitnrnter 
aad akilled crafttman $6 80 

HIGH FREQUENCY INDUCTION HEATING — 
By frank W CurtU Annwera many quritionti cun 
ceming induction beating and Ita utility in induRtnal 
proreasea Thoroughly practical in lu-ope $2 85 

PLANNING TO BVUD — By Thomaa H 
Crmighton Anawera many of the quoatiuna aakctl hy 
proapectivo homo buildrra Planning, deaign and 
coiiatructlon are fully covered $2 60 

TOOL MAKING — By C M Cola Inatrucliona for 
making and uaing ail kinds from personal tools to 
arbor presses, lathes planers, etc , in different 
metals $3 60 

TECHNIQUE OF PLYWOOD — < By CharU* B 
Norrit Technical Infnrmalion uu all phases of ply 
wood manufanturc and use compiled for engineers 
designers and users of plywood Important to 
many phaaes of peaca*time housing and nianufarturiiig 
problems 88 SO 

YOUR BAIR AND ITS CARE — By Otear L 
Lsrvln, Af JD , and Howard T Bahrman^ M D 

Scientific facts about hair how to save and beautify 
t treat infeotions, and so on Ileal facts — not a 
* euro for baldness" screed 82 10 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A cUaaio reference book recently revised and brought 
up to date to keep pace with recent research In 
eludes materials on all braa< hes of chemistry, physics, 
and allied aclenres Used in laboratories and hy 
engineers throughout the country Flexible binding 
2640 pages $4 10 Foreign $4.50 postpaid 

ATOMIC ARTILLERY — * By John Kelloch 
Robertson Electrons, protons, positrons photons, 
neutrons, and cosmic rays all described fur the 
layman in plain language Also transmutation of the 
elements and the manufacture of artificial radio 
activity $2 5S 

PLASTICS — Ry i. ff DuboU I bird (dition 
again revised and enlarged, with two four color 
plaits This is an important book on the whole 
general subject of plastics, plus much brand new 
mairrial on synthetic rubber, manufacturing protesacs 
and piaatica moldinta $4 

EXPERIMENTAL ELECTRONICS — By Ralph 
H MuUar, R L, Carman, and M E Dron 
A aolid book of eminently practical information on 
the characteristics and non communication appiira 
tions of electrona tubes The text describes expert 
meiits and presents results For students radio 
engineers rommunicatluiis exports and the serious 
general reader 84.75 

THE MEANING OF RELATIVITY — f»y Albert 
Einstein Second edition with added chapter de 
s( rihing a<l>anccs since publication of first edition 
some 2'i years ago Requires knowledge of ndvam od 
inatiieuiutics and physics, not a popular exposition 

82 10 

THE MODERN CAS TURBINE — By R Tom 
Sawyer Fundamental treatment yet compiehensive 
in scope coveiiiJg industrial marine railroad and 
turbo supercharger applications of the gas turbine 
Up to the minute data on jet propulsion are incUtded 

81 10 

A PRACTICAL COURSE IN HOROLOGY — By 
Harold C Kelly Definite, outright, practical in 
strut tions on watch making repairs, and adjustment 

82 85 


B«8t Sellers 
In Science 

SI IDE RULE SIMPLIFIED — By C O HarrU 

How to use a slide rule without any of the mystifi 
cation that often surrounds this important tool of the 
engineer Lxedirnt illustrations make everytliing 
elear 83 60 including a slide rule, for book alone 

82 60 

AN INTRODUCTION TO ELECTRONICS — By 
Rtdph C Hudson Clear and concise explanatjon 
of electronics and its modern applications Very 
little mathematics Is used RS lO 

MACfllNERY^S HANDBOOK — 12th Edition 

Hihle of the mechanical industry " 1815 pages 

of latest standards data and information required 
daily in ahop and drafting room 88.X0 

ROCKETS, DYNAMATBRS, JET MOTORS — 
By A L Murphy Question and anawer text designed 
to acquaint the uninitiated with rockets and all theJr 
variations Power plants are discussed as well as 
vehicles and craft to which they may be applied 

82 60 

PLASTICS, PROBLEMS AND PROCESSES — By 

Mansperger and Pepper 1he whole atory of plas 
tics including a resume of manufacturing prooesses 
and a number of thorough going ehaptera devoted to 
plastics uses 83 10 

THE FUNDAMENTALS OF CHEMISTRY — By 
Monroe M Offnmr Tins text introduces the reader 
to elements, elrt truns, aofds, alkalis, and so on and 
then ( overs i lieriiistry and its relationship to every 
day life 80 c« 9 ta 

ELFC TRONIC PHYSICS — By Hector, Lain, apd 
Seonton A Minplificd text for those who desire to 
acquire a snuml buMin for following the advance of 
applied elcctrouii s 88 85 

A LABORATORY MANUAL OF PLASTICS AND 
SVNTIlETir KLSINS — By G F. D*Alalto 

How to prepare many of the well known lesina and 
plastics in llir laboratory Understanding of the 

text requires a knonledge of organic i liemistry 

88 10 

FUNDAMENTALS OF OPTICAL ENGINEFRING 
— By Donald H Jacobs This new work starts 
out at the very beginning is mainly non matiie 
matical and is prubaiily the best suited of all 

existing hooks as an introduction to optical design 

Auih«)r IS n ph>suiiit iit Duteau of Standards 

8S 10 

Vi ITH THE WATCHMAKER AT THE BENCH — 
tty Donald DmCarle Simple, practical, straight 
forward instructions on the repair of timepieces 
with direr t implications to the manufacture and 
repair of delirato Instrument! of all kinds 83 10 

TRIGONOMETRY FOR HOME STUDY — By 
R illiam L Schoa/, Ph D Extensive and detailed, 
giving explanations as the text profresses, together 
with numerous practical application! of trig auch as 
macliiur shop problems, surveying, navigation, and 
ao on 80 aenU 

ROrKFT RESEARCH — By Coiial«nlln Paul 
lent Partly historical plus a chapter on theory, 
plus drsciipiinns of practical applicationa and hints 
to experimenters Many drawings give specific de 
tails of rocket and jet motors $5 10 


^ (The above prices are postpaid In the Unitod States Add, on foreiina orders ^ 

* 25 ^ lor postage on each book except as noted ) ^ 

(All prices subject to change without notice.) 
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READY NOW 

The full text of 
the official report 



FOR MILITARY PURPOSES 

By Henry 
DeWolf Smyth 

CbatrntMn, Dept of PhysiCS, Prmce* 
ton Vntvefstty Consultant to the 
** Manhattan Dtstrtci** {The crypttc 
title given to the Atomtc Bomb 
protect by the U S Corps of En- 
gineers ) 

T his is the famous ’’smyth report” 
as issued by Dr Smyth at the 
direction of Maj Gen L R 
Groves, in charge of the Atomic 
Bomb project It is a general account of 
the development of atomic energy under 
the auspices of the United States govern- 
ment. 

”One of the most fascinating and al- 
most certainly one of the most important 
books published in our time Here are the 
authoriutive facts as to that extraordinary, 
terrible and unbelievably successful experi- 
ment They have already been summarized, 
popularized, ’explained* in a thousand 
newspaper articles, but all the articles put 
together do not carry the impact of this 
sober, ‘semi-technical’ narrative exposition 
of the most revolutionary single develop- 
ment that any men now living are ever 
likely to know Deserves the profound and 
prayerful consideration of every citizen of 
the United States N. Y» Herald Trtbttne 

250 pages, containing all informa- 
tion released to date, 12 photo- 
graphs, 8 drawings 
Paper bound, $1 25 
Cloth bound, $2 00 

At your bookstore 

PRINCETON 

UHfynsm Mist 

Princeton, N. /. ^ 



top and bottom, or on the top only The 
latter type is preferred by many fliers. 
The wearer finds that the landscape 
looks the same as through ordinary 
sunglasses while the bright sky is con- 
verted mto a cool overcast. 

The Bausch and Lomb Optical Com- 
pany, who developed them, claim that 
the new sun glasses will have wide ap- 
plication in motormg, skimg, and golf- 
mg 

ELECTRIC SORTER 

Quickly Identifies 

Unknown Metals 

P ORTABLE and easily operated is a new 
machme which quickly identifies and 
sorts pure metab, steels, and non- 
ferrous alloys Made by the Farmers 
Engineering and Manufacturing Com- 
pany, and known as the Metalsorter, 
this machine requires no special elec- 
trical power supply to make non-de- 
structive tests on finished products 

Employing the tribo-electric effect, 
a metallic specimen of standard, known, 
or acceptable character is rubbed 
against ^e surface of an unknown or 
doubtful piece If a chemical or metal- 



Tribo-electric effect put to work 


lurgical dissimilarity exists between 
the two pieces, a minute electrical cur- 
rent is generated and is registered 
by an indicator on a calibrated scale 
When there is no dissinularity, no elec- 
trical current is mdicated Various fix- 
tures, tools, and connector leads are 
standard accessory eqiUpment to en- 
able the device to use almost any shape 
of metallic part for a reference stand- 
ard 

CARBIDE GAGE ^BLOCKS 

Reported Superior to Steel 
Or Chrome-Plated 

For the first time a complete set of 
gage blocks meeting Bureau of Stand- 
ards requirements has been manufac- 
tured from tungsten-carbide and of- 
fered for general use These gage blocks 
are manufactured in "sets of 35 pieces 
ranging m size from 001 to 4 00 inches, 
and are said to have a wear resistance 
at least 100 times greater than that of 
steel gage blocks, or 98 times greater 
than chrome-plated blocks Made by 
the Fonda Gage Company, its engmeers 
predict that the users of Fonda carbide 
sets will have no occasion whatever to 
replace a carbide gage block 
The wringing qualities of these car- 


REFAIR YOUR OWN ELfCTRIC AFFLIANCIS 

• NICHROCITI • 


MMidt Htotlne EI#m«itH lotilyl 

SUnpljr overlap 
ends, apply Nlchro- 
oite Paste and 
turn on the cur- 
rent — a perfect 
weld results Used 
by big utility 
companies. 

HANDY for HOME or INDUSTRIAL USE 




This simple and effective repair material Is Just 
the thing for that broken or burned out heating 
element in vour electric iron stove toaster or 
heater It doea the Job in a jiffy Trial Order, 
$1 00 4 ozs » |2 60, 1 pound, |6 00 


ARMSTRONG ELECTRIC CO, Box BAI-SA, 
Minntopolis, Minn 


EXPERIMENTERS 

Assortment of almost 400 valuable new springs 
75 different kinds, numerous sizes, containing 
torsion expansion, compression and some ffat 
types, 10,000 uses, $2 oO Useful for all expe- 
riments, models, repairs Deluxe assortment, 
$3 00 jumbo assortment, $5 00 A Tremendous 
Value Postpaid Satisfaction guaranteed 

TECHNICO 

F O Box 246-C, Watt Hartford, Conn 


MAGIC ELECTRIC WELDER 

110 volt AC-DO welds braces solders, cuts 
all metals easy to use full directions Com- 
plete with power unit, flame and metallic arc 
attachments, carbons, fluxes rods, mask Used 
by the Navy For professional or hobbyist 
Only $19 95 

MAGIC WELDER MFG CO 

239 Csn&l St Dept PA 12 New \ork Cit> 


FATENT FOR SALE 

Electric Fly Catcher Canadian Patent #423866 
For particulars write to 

JAMES BELL BOX 12$ 

Aivlntfon, Owforlo, Conodo 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

18 now in use by most 
of the Police Departments m the 
United States. It it also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne*s 

“THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prmts make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F3.I. 

^ 25 postpaid 

OrclBr from SCIENTIFIC AMERICAN 
24 WiBf 4Clh StrNt, Ntw York II, N. Y. 
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bide gage blocks are said to be far 
superior to those of either steel or 
chrome, and carbide blocks are corro- 
sion-proof agamst moisture or finger- 
marks 

CARBOLOY INSERTS 

Increase Tube Flaring 
Production 35 Percent 

Use of Carboloy lathe center inserts 
as tube flaring tools is reported to have 
multiplied tool life ten to one as com- 
pared with that obtamed when con- 
ventional flaring tools, made from steel, 
are used Cemented carbide tipped 
tools are used to flare the ends of many 
si2es and kinds of tubes, the machine 
employed for this purpose being a 
Leonard Precision Flaring Machine 
The flarmg tool used in the machine 
IS made by brazing a stock Carboloy 
C-6 lathe center tip of solid cemented 
carbide to a tapered steel shank hav- 
ing a special taper to fit the machine 
The lathe center insert is large enough 
so that all the work done during the 
flaring operation is taken by the car- 
bide and none by the less-wcar-re- 
sistant steel shank 

The high-speed steel flaring tools 
originally used produced only about 
100 tubes before wearing out The Car- 
boloy flarmg tools turn out at least 
1000 pieces each before wear becomes 
pronounced and the tip of the tool has 
to be replaced or reground In addi- 
tion to the saving m tool cost and the 



Tube-floriny fool usos a comented- 
corbide lofhe center insert on thonk 


Visible Record(» 



75 Card>She«tt Show PACTS on 500 Cards 


Muy 

Quick 
riczlblo 
Durable 
Portable 
Compact 
Low Cost 
OonTenient 
Bares Time 


Cent 


Sheet* of Cords 


VISIBLE CARD 


Use Cai^ only Jom together File sheets 
of Cards on edge m correspondence folders 
— Half inch visible margin Send order 
500 Blank Cards 6x4 inch $3 45—10x4 S') 30 
500 Printed Cards 0x4 inch $0 70—10x4 $S 50 
Use Visible Indexing, Color Signahng, Visible 
Tabulation of vital information Ten years 
national use Send no money Satisfaction 
Guarantee^ V^ritO for Cotoiog 

Rott'GoaM 6o.t 165 N. Taatk 
ST. LOUIS 


Stock 

Ruled 

Credit 

Rvyroll 

PurdMite 



RECORDS 


When you 'vtrite to advertisers 

• The Editor will appreciate it if 
you will mention that you saw 
it in 

SCIEIVTlFir A ME RICA IV 


P APDA Oval lice 

Manufactured by uorld 
famous optictins for At my 
■ml 9 IVl 9 ^ Navy 7 x binoculars* 
Rejected for slightly chipped edges Ontstand 
mg Bargain I 

30c ea 4 for $i 00 po‘5tpaid 

OCULAR RETICLE^ micrometer disc 

for eyepiece Suitable for microscopes, ttk 
scopes, surveying, signing and other optical 
measuring mstrumentl, also for counting, 
measuring and locating 'is with cross-hair 
Very accurately lulcd Rests on diaphragm, 
ruling can be seen m the held of view super 
imposed on tnngc Diameter, 8 /' Baryta 
LF I s8 Crosshair 'ind numbered net 
rulings Our price only $1 00 each Worth 
many times more Quantity strictly limited 
No C O D — Remit with order 

HARRY ROSS 

Scientific and Laboratory Apparatus 
70 W Broadway, N Y 7, N Y 


15,000 1077 

FORMULAS PAGES 

HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

riioiisands of copies of this ac- 
knowledged leader among books of 
turmnUs arc being used daily 

SO postpaid (Domestic) 

Order From 

SCIENTIFIC AMERICAN 

24 West 40th Street, New York 18, 
N Y 


BUY VICTORY BONDS 


AIVYOIVE CAN USE A SLIDE RULE 

Absolutely no moth background needed if you hove the PRACTICAL SLIDE RULE MANUAL by 
J M Klock, Mathematician for the U $ Navy and former instructor in the Detroit Public Evening 
Schools An absolutely non technical explanation of how to use a slide rule for the fundamental 
moth calculotions STUDENTS of oil noath, science, and technicol subfects will find the use of a 
slide rule to be a great aid In their work SHOP AND TECHNICIANS! special applicotions made 
to formulae from mothemotics, engineering, oeronoutics, air navigation, etc The slide rule gives 
rapid solutions to oil the basic formulae OFFICE and business administration applications are 
numerous The slide rule is especially valuable in per cent and interest work, and cost accounting 
The booklet includes chapters on these subjects The slide rule is also a valuable rapid estimator 

Large illustrations Simple and non technical explanations Based on 9 terms of teaching adults 
With this booklet anyone who knows the simplest arithmetic can easily learn the slide rule Starts 
from a simple reading of the scales, and goes on through the most advanced practical work 
Booklets ore sent postpaid by return mail Send today, and learn a skill that will help you 
during post war times Send $1 00 to 

UIDE RULE • DEPT 1 • BOX 2293 • DETROIT 31, MICHIGAN 



4,000 Parts Psr 
Day with 
Ol'ACRO Bender 

“Encloeed la picture 
taken in our plant which 
prevaa the DI ACRO Bend 

cr will do e real production 

job We are making 4,000 com- 
pleted parta per day, which la 
competitive to moat — 

Power Preaaea ” 

(Name on requeat) 


Here u en example of “DIB-LBSS DUPLICATING” typical 
of a graac varlaty of formed petti raadily made with DI ACRO 

Precision Michines — Benders, Brakes, Shears Picture shows 

the finished pert formed to die precision, including ecute 

right angle bend Women opetatmg DI ACRO UNITS 
maintein a high ou(>put on produedoa work 


< Proneonced ”DII-ACK- 1 <F* 




SEND FOR CATALOO 


o'nEiL-imin nifb.co. 


347 EIGHTH AVI.. SOUTH, 
MINWSAPOIII IS, MINN 
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PEACE 


RECONVERSION 


These have brought in- 
creased activity to the 
optical field Long held 
up civilian orders for 
optics and optical instru 
ments are filling our 
plants In view of this, 
and to assure service, 
may we suggest that you 
contact us at your earliest 
convenience if you have 
definite optical require- 
ments for the mar future 


Wm. MOGEY & SONS, Inc. 


Ettabliihtd 18S2 


NEW JERSEY 






I* AivA'it 


Easy to Ploto CHROMIUM 

GOID, SILVER, NICKEL, COPPER 
For P/cosure and Profit I 

If you hsvo a workiiho|>>- at home 
or In buMlnesA~-you n**cd thh new 
Warner t Ici tropiater At llu stroke 
of an electrincU brush you can 
elertroplutc models and projett*-' 
you can rc plate worn articles fau 
ecta tools Sxturcs silverware etc 
with a durable aparkliiiK coat ol 
nutal Gold 8[|\er, c hromium 
Nickel Coppororc nUmium Method 
Is easy simph quick Everythina 
furnished— eoulpment complete 
ready for use Bu doing a bit of uork 
/or othrrt your marhinr can pay for 
itself within a week 8o mukt lour 
•hop complete by getting a Warner 
JSIectroplater right away Bend to* 
day for FULL SAMPLE and illus- 
trated literature ACT AT ONCFf 
WARNCfl CLICmtC CO . DEPT D-83 
M H Wain St. Chieaoo 10, III 


[FREE Details & Sample ! 


more conUnuous machine operation, 
the longer runs obtained mean greater 
consistency of work turned out, while 
pieces produced per hour have been 
raised some 35 percent due to the 
elimination of down time for tool 
changes 

COUNTERSINK 

Available With Threaded 

Or Tapered Shank 

A HEAVY-DUTY Unit Capable of with- 
standmg hard usage, the new 6300 
Model Micrometer Adjustable Stop 
Countersink has a cutter capacity of 
%-mch diameter Cutters are driven 
oft a threaded shank or a standard 



Experimental and Modal Work 

Fine Instruments and Fine Machinery 
Inventions Developed 
Special Tools. Dies, Gear Cutting, Etc 

HENRY ZUHR, Inc . 187 Ufoyette St , N Y 13, N Y 


flecIfOpliitB 

brush 


Adjutfoble in 001 fhs 

taper Adequate lubrication is assured 
by a full length, self-lubricatmg bear- 
ing Adjustments are made m incre- 
ments of 001 mch and a positive lock 
prevents loss of this accurate adjust- 
ment The taper shank cutter style has 
a self-contained knockout pm which 
facilitates cutter removal 

HYDRAULIC TESTER 

Can be Set Up 
For Field Use 

^A/IDELY used for heavy duty pulling, 
pushing, and liftmg jobs, the Simplex 
Jenny Center Hole Hydraulic Puller 
has recently made its bow in tensile 
testing m the field 
The picture shows one of these 
Jennies of 100-ton capacity, testing a 
V/z inch cable sling to 90,000 pounds 
A clevis through the dead eye is se- 
cured to a long bolt which has been 
inserted through the Jenny and fast- 
ened above the cylmdrical ram The 


AOHROMATIO TELESQOPI 
OBJEOTIVEt 

Rttilt to veur oMdar 

Flworidc H«fd CootM Surfocc* Modt from 
Crown and Flint Frodtion onnoedod OpHcol 
Oloit 

Clear Aporturo Focol Longth Prica 

2 inch 20 Inch $15 00 

3 45 '' 40 00 

4 40 10000 

5 '' 75 20000 

4 •• 90 '' 40000 

Wo con moaufocturo any $Ue objoctivo 
•nd focal langths to your order 
All focal length* eubject to plu* and minui 
tolerencae of 2 V^ 3 %. 

REFLEaiNO TELESCOPE MIRRORS. COft- 
RSaiY FIGURED: CHROME ALUMINlZKh 
Mod# from Pyrox blonkti 
Diameter Focal Length Price 

4V4 Inch 32 inch $15 00 

6 " 4B " 40 00 

8 " 60 " 70 00 

10 '' 80 '' 100 00 

12IA" 96 " 200 00 

Above objective lenses and mirrora guar 
anteed to be built to your satisfaction or 
we will refund your money 

MAYFLOR PRODUCTS OORP. 

KATONAH a, N Y 


p? m Hi ki< o >n 


ARMY AUCTION BARGAINS 

Cadet cart box black 30 each 

Antique oil cup 30 

Krag rear sight, new 1 00 

Shot gun nipples 36 ’ 

Army Jack screw 22*' closed 1 76 

Revolver holster black oal 45 46 

Mauser 06 book showing parts 46 

Angular bayonet, cal 45 00 ’ 

Lead ladle. 6^^* bowl 180 

Flint pistol barrel, 6^ rusty 35 " 

Flints, assorted 12 for 1 00 

Assorted screwdrivers 12 for 1 00 

Prices do not include postage 
Articles shown In special circular for 34 stamp 
1946 catalog 306 pages over 2000 Illustrations 
of guns, pistols sabers helmets, medals, buttons 
etc mailed In U 8 for one dollar 

FRANCIS BANNERMAN SONS 

501 Broodwoy, Now York 12 


Gel the help of this new 
aid lo Scientists 
-Photocopying! 

New unit copies anything' 
^ Records important 
data in accurate, 
parmanent form 




^ Apico 

PHOTOEXACT 

AMERICA S MOST WIDELY USED 
PHOTOCOrY EQUIPMENT 


Tcifing o cabit sHng 


APECO quickly 
makos coplos of 

CHARTS GRAPHS 
DRAWINGS 
RECORDS 
REPORTS 
PHOTOGRAPHS 
VALUABLE PAPERS 
CLIPPINGS 
LETTERS 
(over 100 others) 

Now, in your own offico make copies of awy- 
thxixij wrilLon, typed, prints, drawn or photo- 
graphed— even if on both sides' Permanent, 
error-proof pfio/ocopies — at amazingly low 
cost’ APECO makes them at 1-a-minute speed 
—saves hours of drafting, typing, checking No 
darkroom or technical knowledge needed — 
even a boy or girl can eaally operate APiCO 

Send for your free copy 
of this informative book! 

...Mh how AfICO 
Phefocopying can serve yov 

20-pagc, fully illustrated book 
gives you* the story of Photo- 
copying — shows irraphieallp 
the "what” and "how'^of this amtsingly simple pro- 
eedure Yours without obligation write, today 

AMCRICAN^PNOTOGOPV IQUIPMCNT CO 

2849 North Clark St Dept KH12S, Chicago 14, Illinois 
Representatives in principal cities and Canada 


Iff 
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INYENTORSa Do Not Dolay. 

S-.®*22 !2 Invention and reap 

J***®.'“** , ^ patent 

jow Inventton with out delay and at the same 
JWQH'ra to eell when Manufacturer* 
amvert to ^vUiaa Production Write for 
Information TO-DAY 

OANOOLFH a BEAVERS 
25 Columbian Bldg, Wcrahington, D C 


A COMPLETE SERVICE FOR - 
AMATEUR ASTRONOMERS 
TELESCOPE MAKERS 
Kits Blanks 

Tripods Abrasives 

Eye Pieces Teslino 
Mirrors Figuring 

Achromats Panchronizing 
MIRRORS MADE TO ORDER 

Quality OUR MOTTO ★★★ 

PROFESSIONAL SERVICE AVAILABLE 


NOW 

Telescopes 

Mounts 

Castings 

Tubes 

Drhfei 


Write for Catalogue 

ASTRO TELESCOPE COMPANY 

P O B«x I3«5 - OlmdaU S, Colif 
Ooorgo Carroll*-724 E Elk, OUndole S, Colif 
-SERVING THE WESTERN STATES- 



Industry needs your ideas now' Manu- 
facturere are getting ready NOW for 
post-war sale* and production Factories 
must have products to take up the slack 
after war orders stop Get our NFW 
FREE inventor s book today and valuable 
* Invention Record form Act now 

MeMORROW & BERMAN 

RegistcrrJ Psient A Homey $ 

1759 Atlantic Building, Washington 4, D C 


Equatorial Mountings for 
Weother Bureou Instruments 
ond Telescopes 

Ramsden Eyepieces 
V'a", 1" B F L dis each ^5 00 

C. C. YOUNG 

25 Richard Rood Eatf Hcotford B, Comi 

^ 


BUY VICTOHY BONDS 


n^sole f Amazing Opportunities 

newapaa* now open in riias* 

PRACTICAL Momy-Maklng Tradn*/ 


watch and clock repairing 


LaanrAt Nonw • InYoar Sparttimu 

I’ri nare for a happy future of pros- 
perity, security and Ret a big pay 
job NOW Fascinating, high gTsde 
occupation You can EARN WHlLh 
YOU LEARN An esceUent Held for 
part time work at home 

COMPLETE COURSE In HOROLOGY 

mm A THOROUGH self-instruction 
' training In American and Swiss 
watches. clocks Special sections 
^ on alarm clock repairs A new. 
practical LEAR]^- BY DOiNd 
Instruction method You Loam 
rnSSiiSSmJ quickly, easily No previous 
^Torrlence neceeeary WatAlunaklng Is the basic training for 
niiSraft Instrument woik and other sdwtlflc p^ision Tpb*^ 


locksmithing and key making 


Completa UP-TO-DATE COURSE 

Row to pick locks, de-code make mas- 
tor koys, repair install service, etc 
New sel^ instruction Ichson* for every 
handy man home-owner carpenter, 
inechanlc.servKse sUtion operator, 

It shop hardware dealer gunsmith ^ 

S3 EASY Ituisnuip USSONSI 

aiiteed or money back Wntenowl — 

BMR—FrGG OGtalfs— Afaff Coupon Todoyf***^ 
I nelson C0.,0t|it8M51»321 8 W«lMwli.CMeBfa4,m. 

I Please send me— FREE and without obligation— illos- 

tratrd Suceese- Catalog, containing information about 
I tC course (or courses) f have checked below No sales- 
I men will call ‘ " 

I 



I 


□ Watch and Clock Repairing 

□ Locksmithing and Key Ifaking 


NAMB~ 


address.. 


I CITY. 


J 


dial furnished with the unit accurate- 
ly and constantly shows the pulling 
power applied, and consequenliy the 
tensile strength displayed by the mem- 
ber under test 

This hydraulic unit is also adapted 
for making tensile tests of cable, rods, 
hooks, and other members which are 
subjected to tensional stresses One 
man is usually all that is necessary for 
such tests 

PRESSURE FOOT 

Designed for Use in 
Production Line Drilling 

P ROViDiNG a means of utilizing steel 
metal template stock in place of heavy 
drill plates and bushings in production 
Ime assembly driUmg by indexing to 
standard size holes m the template, the 
construction of a new drill guide pres- 
sure foot also allows the use of stand- 
ard size tips, which can be quickly in- 
terchanged to provide various drill 



Drill guide pressure foot in 

sizes Templates can be duplicated 
quickly from master templates by em- 
ploymg clips and fasteners, and can 
be used as assembly jigs as well as drill 
templates 

FLEXIBLE CORD 

Has Plastics Insulation 

In Several Weights 

F LEXiBLE electrical wire insulation 
which is reported to be the only flexi- 
ble cord with a plastics jacket so far 
approved for use on household ap- 
pliances by Underwriters Laboratories 
was recently annoimced by its manu- 
facturers, the Whitney Blake Company 
Called “Plastite,” the new cord uses 
**Vmylite’’ plastics As the insulator and 
IS said to possess dielectric strength 
far beyond similar type cords insulated 
with conventional materials In addi- 
tion, the plastics "is resistant to oil, 
flame, alcohol, water, alkali, and most 
common solvents Also it can be pro- 
duced in a variety of colors 
The household applications for which 
its manufacturers recommend it in- 
clude lamps, clocks, radios, and lig^t 
appliances, and vacuum cleaners, Ians, 
and food mixers There is also a medi* 
um duty type cord for washing ma- 


l£ 


.WILIl 

HOR/E/HOE 


4 OUNCE'ainico’ 



ALSO AN 6 OUNCE HORSESHOE 
$140 POSTPAID* 

Lifts 20 times own weight 


BAR 


MAMNET 



BAR MAONCT 
IS 4 X K W* 

Hos o hol« bored of its center 

Include Remittance with your order 
Sen4 stamp for descriptive circular 

HARRY ROSS 

MICROSCOPES 

SCIENTIFIC A LABORATORY AfPARATUf 
68-70 West Breadwoy 
New Yeric 7, N Y 



Now— with this exchuive new prinapic— >you can 
eliminate the dfrk tpoc* from your flashlight beam. 
Amazing new RCX)DBEEM flashlight, with Dia 
mood Facet Refleaor, gives all 'over pure white 
lighL Costs no more than ordinary flashbghtt. See 
your dealer or wnte duect The Geocral Detroit 
Corp ,Dept 12-B«2270E Jeflferton, Detroit? 
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MICRO SWITCH 

if a nap-actlnff Bakelite housed Underwriters 
listed switch No larger than a man s thumb 
rated at 10 amps 125 volts A O Over 50 
In stock from $1 00 to $4 00 


yet n 
typos 




Open or closed cir- 
cuit, each $1 10 

$.PDT $190 




Open Of closed cir- 
cuit. each SI 25 

SPOT $L45 


ALNICO Pocket Pieces 11/18" x 0/16" X ‘i" _ 

pair $1 00 

Horse Shoe Magnets x »<j" x V* pair |1 25 
Ui" X Watch site GEAR BOX 
150 to 1 Ratio 35d 3 for $1 00 

BKINDERVIKEN Transmitter Button with 
16 page Experiments Booklet II 00 

TBLECHRON 110 volt A C motors 1 revolu- 
tion per minute 13 00 


One ampere Mercury Switch 
long leads 35< 


4 for II 00 


BLAN, 64M Oey Street, New York 7, N Y 


FREE 


BARGAIN CATALOG 

BOOKS 


25 000 books of all pnb- 
llshers listed In our 5 1st 
Annual Bargain CaUlog of 320 pacta Old-ttasa favorites 
— latest bestsellers Reference Flotlon. Juvenile Hu 
tory. BoJentiflo etc Supplying sohoola ooUecsa libraries 
and thousands of individual customers Send postcard 
teday for our new 1946 catalog. “Bargains In Books 

THE BOOK SUPPLY CO., Dept 19i 

564 566 West Monroe St , Chicago 6, Illinois 


ynm Repair your own 
NUll ELECTRICAL APPLIANCES 

^ with 

CHANITB SelfWeldii^ ELECTRICAL 
HEATING ELEMENT flux Generous 
emoun^ ttistructions enclosed $1 00 post 
peid Ouerenteed nothing like it Stick 
form 25f ee $2 00 dot 

CHANITB SALES COMPANY 
914 South Main Fort Worth 4, Texas 


I Send for FREE LITERATURE on 

MTENTS 

■wand TRADE MARKS 

■ €.A.SIiOWOCQ. 

Reg Patent Attorneys SinceI87S 

1 430 Snow Bldg. Washington 1» 0. C. 



BUY VICTORY BONDS 



LANGUAGE 
IS POWER 

. . . Forgo ohead, win 
special ossignments, 
promotion, better job 
in global peoce time 
opportunities through 
ability to speak a for- 
eign language 
MASTER A NEW LANGUAGE 
quIMy, qmMilyg cqrrqctty by 

LINGUAPHONE 

The world famous LInguaphone Conversa- 
tional Method brings voices of native teoch- 
ert INTO YOUR OWN HOME You learn the 
new language by LISTENING It's omoz- 
ingly simple; thousands hovo succeeded 
NOIM-STIIIW COURSES W 29 lANQIMaES 
Send for mBbook^ 

LINGUAPHONE INSTITUTE 

no RCA BMa , N«w York » Ord* Y-OBM 


lINOuOHpNe INSTITUTE, 
no tCA Bldg , N.W York 20, N Y 
Send ma the FREE linguophont Book, 


t City 


Address 

Longugge Interested 


chines and refrigerators, as well as a 
heavy-duty cord for use on portable 
tools, conveyors, bus hefaters, floor 
Sanders, and so on It is available also 
in a parallel type with an extremely 
flexible tinsel conductor for use on 
electric razois, vibrators, and the like 

DIRT IN CORNERS 

Removed Readily By 

New Power Sweeper 

Getting in close to the wall has always 
been a sweepei’s problem, even when 
the cleaning is done by hand, but now, 
on a new model Moto-Sweeper, a 
blower, with an attached flexible metal 
tubing attached, cleans out the corners, 



Blower tube, lower right, forces dirt 
into the path of the revolving brush 


blowing the refuse and dirt right into 
the path of the revolving brush Other 
refinement* include an improved meth- 
od of laying the dust, Where before 
air was pumped into water tanks to 
produce a fine spray, now it is applied 
at the nozzle, providing a more positive 
control that eliminates the necessity 
of building up undesirably high air 
pressures in the water tank 

Moto-Sweeper is easy to operate, it 
turns right or left under its own power, 
by means of a separate clutch on each 
wheel of the tractor, controlled at the 
handlebar 

BENCH LATHE 

Designed for Precision 

Production Work 

Latest addition to the South Bend 
Lathe Works* line is a V-belt drive 
nme-mch precision bench lathe, made 
especially for those who prefer the 
several advantages of the V-belt drive 
This bench lathe features 4-step, V- 
belt cone pulleys which, with the back 
gears, provide either 8 or 16 spindle 
speech ranging from 46 to 1176 revolu- 
tions per minute It Is made with either 
quick-change gear or plain change geEu* 
equipment for a wide range of wead 
cutting and power longitudinal feeds 
Two of the models incorporate power 
cross-feeds 

All models have a 9%-inch swing 
over the bed and saddle wings, and 
%-inch headstock apindle hole with 
maximum collet ca|>acity of % inch. 
Choice of bed lengths gives maximum 
distances between centers up to 34 
inches 

This lathe is designed for precision 
toolroom or production work, and for 
general use in machine, laboratory, and 
repair shops for machining metals, 
plastics, compositions, and other ma- 
chinable materials. 


A SPLIT SECOND 
IN ETERNITY 



The Ancients Called It 


COSMIC CONSCIOUSNESS 

Must man die to release his inner con- 
setousness^ Can we experience momentary 
flights of the soul — that is, become one 
with the universe and receive an influx of 
great understanding^ 

The shackles of the body — its earthly 
limitations — can be thro\cn off and man's 
mind can be attuned to the Infanite Wisdom 
for a flash of a second During this brief 
interval intuitive knowledge, great inspira- 
tion, and a new vision of our life s mission 
are had Some call this great experience a 
ps> chic phenomenon But the ancients knew 
It and taught it as Cosmte Consitousness— 
the merging of man’s mind sMth the Uni- 
versal Intelligence 

Let This Free Book Explain 

This IS not a religious doctrine, but the applica- 
tion of simple, naturil laus ishich give man an 
insight into the great Cosmic plan They make 
possible a source of great ;oy, strength, and t 
regeneration of man s personal powers write to 
the Rosicrucians, an age old brotherhood of un 
derstanding, for a free copy of the book The 
Mastery of Life ' It will icll you how in the 
privacy of your own home, you may indulge in 
these mysteries of life known to uic ancients 
Address Scribe O S C 

'gpsicrucians 

SAN JOSe (AMORC) CAUf.U S A 



GEARS 

In 8totk— immidlstD OdIIvmy 

Omub. tPMd rtdaetra, tprooIrHa. thrmA 
MflMiiiourrhl 


•pinpl«Ulin«ia«*rrt* 

Can aIm, nn aPMlAl tMni <•/ 

S«iid uc your bluo printe oad iaquIfiM. 

Writs for Catilof No. 20 


CHICAGO GEAR WORKS 
4G-N Ifsrth Oikley Ave., CliaOO.III 



(9 X 0432 X 74 1 X 3 i; ^ (245 x 0093 x I 
= 13344+ 


Whst about th« dactmal point? Place it quickly 
and accurately with the Dacimalisar Po^tut 
•iao, in laathar case, $2 50{ wuh extra (mpl* 
dplyinff and dividing) scale, $3 Money beck 

fueraotee 


GEORGE H MOESE 

927 2Bth St South Arlington, Va 
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"A SIX ROOM HOUSE, $2800.00 Complati, 
RMdy for You to Movs In” 

by 0«org« W P«orc« 

Th« author, a machanical angincar, raviawi 
tha history of housing and shows how building 
costs have nsen in the last 150 years untu 
few families can buy a house adequate for 
their needs 

He then describes how, by the use of 
various money saving building methods, a 
isrge, modem, 6 room, thoroughly insulated, 
fire resistant, 2 bath bungalow with garage can 
be had most anywhere in the United States for 
^2800 00 

Included with the book are 10 folded draw 
mgs 12'' wide x 10" long These drawings by 
Mr Pearco show all the details of construetton 
for this house — the wiring, the plumbing, ^he 
automatic oil heating system and the fluorescent 
lighting The book is devoted to showing how 
similar savings can be made on any house of 
any style, size or floor plan 

A very readable and interesting book Every 
prospective home owner should have a copy 
138 6" X 9 ' pages, 26 illustrations, leatherette 
bound, 10 large drawings 
Send $2 00 to TECHNICAL PRESS, Box 6l, 
Swampscott, Mass and your copy will be 
rushed to you postpaid Distributed solely by 
Technical Press Not sold tn book stores 


E W PIKE a CO 


POOR 

EYESIGHT? 
Try the New PIKE 
Electric Reader 

A boon for elderly peo- 
ple and others with poor 
eyesight Wonderful for 
doctors scientists and 
draftsmen 

Write for free Information 
and details of this new in- 
\entlon that makes read- 
Ing matter 3 times larger 

Elizabeth, N J 


For 

Scirntific and Tochniral Books 
Try our Book DopartmenC 
SCIENTIFIC AIBERICAM 

SCIENCE OF ATOMIC POWER 

URANIUM AND ATOMIC POWER By Jack De- 
Ment & H C Dake 1945 Edition 13 98 Postpaid 
Practical Information for Layman, Student h 
Chemist Numerous tables make this book one of 
the most outstanding In the held Write for our 
catalogue ENGINEERS BOOK SERVICE 19 
West 44th Street Room 1002 New York 18 N Y 
special services Si discounts given to Industrial 


OPTICAL SPECIALTIES 

Spectrofcopes, Optical parts — 
instruments. 

Aluminizing of mirrors 
CATALOG ON REQUEST 

Laboratory Specialties, Inc. 

144 South Wabash Streot, 
WABASH, INDIANA 


EXPANDING SAFETY LEATHER 

S WATCH 
BRACELET 
New Invenhon’ 

Fits vmtehM with ad- 
justablf pms. Msd« 
from tha finest Gan- 
uina Lfathat No othar 
Witch Strap at any 
pnea has thasa Pat- 
ented advantages 

USED BY THE U. $. NAVY 

SAFETY WATCH STRAP COMPANY 
Dept 22, 1944.1st Ava , N Y 29, N Y. 
Rush ( ) Watch Bracelets, send prices for 

dealers ( ) 

( ) I will pay poatman 00 C O D. charges 

and postage 

( ) I enclose $1 00 Sand watch bracelal 

l^t-paid and insured Regulated in sues 
wrist! Small ( ) Medium ( ) Large ( ) 

Name (Print) 

Addrasa 


Currant Bulletin 
Briefs 

Conducted by K M CANAVAN 

(The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
ol the publications listed below ) 

Catechism of EIlectrical Machinery 
This 48-page booklet presents in a 
simple way the most important features 
of common types of direct-current and 
alternating-current motors, generators, 
and control equipment The text was 
prepared foi those not familiar with 
electrical phenomena and terminology 
Request Bulletin ElOOD Fairbanks, 
Morse and Company, 600 South Mtchi- 
gan Avenue, Ch^ago 5, Illinois — 
Gratis ^ 

The Observer’s Handbook for 1945 con- 
tains data on the planets and other 
astronomical phenomena, month by 
month, also lists of double and multiple 
stars, variables, four star maps, an 
ephemeris of the Sun, and miscellane- 
ous astronomical data Most amateur 
astronomers obtain this booklet each 
year Royal Astronomical Society of 
Canada, 198 College Street, Toronto, 
Ontario, Canada — 25 cents 

A Study op Radiant Baseboard Heat- 
ing In the /-B-R Research Home, 
by Alonzo P Kratz and Warren S Har- 
ris, presents the results of an investi- 
gation carried out to determine the ef- 
fect of mtroduemg heat into a room by 
means of long, low panels, heated by 
hot water, these panels being placed 
near the floor and extendmg along the 
exposed walls of the room Engineering 
Experiment Station, University of lU 
linois, Urhana, Illinois — Gratis 

Dow Corning Silicones, New Engi- 
neering Materials, is a 12 -page il- 
lustrated pamphlet describing a family 
of synthetic materials of wide potential 
applications which are produced in 
many forms These forms include fluids, 
greases, resins and varnishes, and sili- 
cone rubber Silicones’ outstanding 
property is the great extension of op- 
erating temperature ranges Dow Com-- 
mg Corporation P O Box 592, Midland, 
Michigan — Gratis 

Properties op Ameripol D is an eight- 
page catalog section outlining the 
properties of an oil- and heat-resistant 
synthetic rubber Illustrated with pic- 
tures of various Ameripol D products, 
this section serves as a guide to deter- 
mine where the use of this synthetic 
IS practical The B F Goodrich Com- 
pany, Public Relations Department, 
Akron, Ohio* — Gratis 

Light From Floors is a 24-page illus- 
trated booklet describing the peace- 
time possibilities of light-refiectmg 
concrete floors Results of a survey, 
involving over 300 lighting tests, are 
presented Sections are devoted to 
recommendations for floor construe - 


THE BINARY SLIDE RULE 




equals a 30 Inch 
Straight Slide Rule tn 
precision Has C, Cl, 
A, K Log, LLl, LL3, 
LL3, LL 4 Binary Add 
and Substract Scales 
Oivee Trig Functions 
from 0 to 90 degrees 
and reads to 1 Minute 
The Engine - divided 
Scales are on white 
enameled metal Per- 
manently accurate Dla 
8 * 4 *' Large figures and 
graduations eliminate 
eyestrain Exceptional value and utility Price 
with Case and Instructions $s 80 Circulars free 
Your money back if you are not entirely satisfied 

Gilson Slldo Rulo GOm Stuart, Fla. 

Slide Rule Makers since 19/5 


GENUINE U. S. ARMY and NAVY 
PRISM and LENS 

surpluses Made to strict Government specifica- 
tions These precision optical elements have been 
declared surplus and can be bought for a frac- 
tion of their original cost Some are slightly 
chipped but otherwise perfect 

Each 

RIGHT ANGLE PRISMS 23 m/M x 44 M/M $ 50 
AMICI ROOF PRISMS 22 M^M FACE 100 

LENS BLANKS VA" CROWN OR FLINT 20 
♦OBJECTIVE V/J' DIA 4" F L 75 

•achromatic objective VA" DIA 5" F L 1 50 
ACHROMATIC OBJECTIVE 3" Oia 14«/2" F L 7 50 
•I enses are Fluoride Coated 
SEND MONEY ORDER OR CHECK 
NEW SURPLUSES STILL COMING— MANY MORE"! 
Said 3 lent stunii) foi list (\o COD Orders) 

A. JAEGERS 

120 14A 115 AVE 5U OZONE PARK 20. N Y 




IVtlN VEEBEI IfOT C88NTIN8 DEVKESi 




ConwIataNOME-STIIDT 

COURtca sad Mif (astray 
tIoD t.xtbeoka sligbUz Vsm. 
R«Dt«d add, exchanMa Aiit 
•abJacta 100% MtbfeetiQa 

^'IT!'ciilca8a4. 


NOB IS THE TIME TO 
PATENT YOUR INVENTIOII rngm 

Manufactarert everywhera / IHIilH 

are buying patent rightf / 

now, ao they wiU bave / 

new itenig to make and / jf 

tell hr civilian consismp- / 

tion as toon ai the war / •m 

IS over You ahould look / 

ahead to the future, too / 

Protect your inventioo/ 
and yourself by applying ^ 
for a patent now 

GET FREE ^PATENT GUIDE'* 

Our free 48 page “Patent Guide*' tella 
what details are necessary to aoply . 
for a patent , and countless other facts 1 
you will want to know Mail coupon i 
lor Free “Patent Guide** and “Rewd 
of Invention** form today. i 


Raglettred Patent Attomeye 
66-L Ada^ Bldg, WaBhiagton 4, D. C. 
Please send your 4S Page ** Patent Guido" 
and your ''Record of Invention** form 
FR£& This request does not obhgate me. 
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All Serious-Minded Production Men 

SHOULD HAVE THIS FREE BOOKLET! 


FORGING AHFAD IN BUSINESS 
contains a message of particular impor 
tance to production men 1 his is your 
opportunity to obtain a copy of this 
famous book, which has been described 
as a **turning point in the lives of liter- 
ally thousands of men"* 

Although "Forging Ahead in Busi- 
ness" has been distributed to more than 
5y0()0,000 men, today’s timely edition 
was written in the light of recent world 
wide developments Its 64 pages repre- 
sent more than three decades of suc- 
cessful experience in training men for 
leadership in business and industry 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres- 
ent position, while preparing you for 
post-war opportunities Subjects direct- 
ly related to the work you are doing 
now, PLUS other subjects of fundamen- 
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another Thus, 
a helpful, over-all picture is provided 

Said one man who had sent for 
"Forging Ahead in Business’ 

"/» thirty mmutes thts Uttle book 

f ave me a clearer picture of my 
usiness future than I vt ever hud 
before " 


the Institute’s 400,000 subscribers, in- 
cluding 134tOOO production men! 

The booklet further explains how it 
IS possible to offer this essential train- 
ing in a minimum of time, how the In- 
stitute program fits in with the most 
crowded of war-time schedules 

Among the prominent industrialists 
who assisted in the prejparation of the 
Course, which is described in "FORG- 
ING AHFAD IN BUSINESS" are 
Alfred P Sloan, Jr , Chairman of the 
Board, General Motors Corp , Thomas 
J Watson, President, International 
Business Machines Corp , and Frederick 
W Pickard, Vice President and Direc- 
tor, £ I du Pont de Nemours & Co 

Sond for 

“FORGING AHEAD IN BUSINESS" TODAY! 

Frankly, this booklet has no appeal for 
the immature mind It does not interest 
the man who, for one reason or an- 
other, IS wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual—the man with 
ambition and "drive" — "Forging Ahead 
in Business" has a message of distina 
importance If you feel that it is in- 
tended for you, don’t hesitate to send 
for a copy today Simply fill in and 
mail the coupon below 


tion, surface treatment, and main- 
tenance. Untvereal Atlas Cement Cotn- 
pany, J35 East 42nd Street, New York 
17, New York — Gratis* 

Underwater Arc-Oxy Cutting and 
Welwng Equipment is a four-page 
folder describing specialized torches 
and related accessories. Chicago Tool 
and Engineering Company, 8383 South 
Chicago Avenue, Chicago 17, Illinois — 
Gratis 

Sanding and Finishing is an 84-page 
booklet based on a newly announced 
system for identifymg coated abrasives 
Recommendations are given for the 
use of coated abrasives in metalwork- 
ing, woodworking, plastics, printing, 
and other industries The Carborundum 
Company, Niagara Falls, New York,--- 
Gratis Request this booklet on your 
business letterhead 

The Vismeter, Model A, a technical 
bulletin, describes equipment for 
determining the viscosity of oils m a 
relatively simple yet accurate manner 
The Model A provides for continuous 
sampling of a fluid and continuous in- 
dication of viscosity Carl D. Miller, 
PhD , 327 Salem Street, North Andover, 
Massachusetts — Gratis 

Plastic Magnesium Oxychloride Floor- 
ing presents in a folded circular a 
description of the various types of 
floor mg employing magnesium oxy- 
chloride cement The text describes the 
composition, the desirable qualities of 
such floors, and the general method of 
installation Oxychloride Cement Asso- 
ciation, 1010 Vermont Avenue, N W, 
Washington 5, D C — Gratis 

Catalog of Surveys is a folded circular 
describing a special survey service 
organized to furnish techmeal and non- 
technical data on every product mmed 
or manufactured J J Berliner and 
Staff, 212 Fijth Avenue, New York 10, 
New Y ork ‘-■Gratis 

UsF Woodcutting Band Saws Safely is 
a folded set of six charts which pre- 
sent “Dos" and “Don’ts " Graphic illus- 
trations and pithy text drive home the 
points Request Industrial Service Chart 
— Series E, United States Department of 
Labor Superintendent of Documents, 
Government Printing Office, Washing- 
ton 25, D C — Five cents 

Cast Iron in the Chemical and Process 
Industries is a 28-page booklet pre- 
sentmg extensive data on the corrosion 
rates of cast iron exposed to the ac- 
tion of substances commonly handled 
by chemical structures. Gray Iron 
Founders^ Society, Cleveland 13, Ohio, 
--$100 

Welders Guide to Successful Hard 
Facing, a 32-page booklet, sets forth 
in simple and understandable text and 
drawings the proper technique for han- 
dlmg successful hard-facing jobs Hard 
facing itself is first described and then 
details are given on the acetylene and 
electric processes Mir-O-Col Alloy 
Company, 2416-30 East 53rd Street, Los 
Angeles 11, California — Gratis 


and that represents the opinion of 


ALEXANDER 

HAMILTON 

INSTITUTE 


Alexander Hamihun Institute 

Dept 55, 71 West 23rd Street, New York 10. N Y 

In Canada. 94 Wclliastoo Street, West, Toronto I, Ont. 

Please mail me. without cost, a copy, of the 64 pajte 

book- FORGING AHEAD IN BUSINESS’’ 

Name 

Firm Name 

Business Address 

Position 

Home Address 
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Our Book Corner 

THE BOOK DEPARTMENT of Sciontiflc Amorlcon it conducted, with the co 
operation of the Editors, to make available for you a comprehensive book 
service Each month the Editors select and review in these columns new books 
in a wide range of scientific ond technical fields In oddition, they are ready 
at ail times to advise you regarding the best avollable books on any sub|ect 
You are invited to use this service freely Tell our Book Department what 
kind of books you wont, and you will be furnished with the names of available 
books, including prices When inquiring about books, please be specific, 
remember that we can be of the greatest help only when you tell us |ust what 
you are looking for Books listed In these columns may be ordered from our 
Book Deportment Add 25 cents per book for mailing outside U S All re 
mittances ore to be made in U S funds Prices given ore subiect to change 
without notice 

TO MAKE CERTAIN that books ordered by or for men in the Army, located In 
the United States, or men in the Navy, Marines, or Co^t Guard, located any- 
where, will be delivered, insurance fees should be sent with orders, as follows* 
To $5 in value, 3^ additional; from $5 to $25, 10^/ from $25 to $50, 15< 


ATOMIC ENERGY IN THE 
COMING ERA 

By David Dietz 

L ong was the road to the discovery 
of the secrets of atomic power And 
the author of this book, has, himself, 
watched much of the journey from the 
viewpoint of a trained science reporter 
In this volume he has traced the path 
He has told as much as can be told 
about the research that led up to and 
culminated in the atomic bomb From 
this background he ventures some pre« 
dictions for the future Essentially this 
volume should be considered as a run- 
ning story of one phase of science, de- 
void of mathematics, and written to 
give the general reader an overall pic- 
ture (183 pages, 5^ by 7^ inches, sev- 
eral drawings and photographs )— $210 
postpaid — A PJ^ 

ATOM SMASHERS 

By Raymond F. Yates 

E lementary in the extreme is this vol- 
ume that explains, in simple and 
non- technical language, the back- 
ground of atom smashing and its link 
with atomic power The author goes 
as far back as the ancient Greek phi- 
losophers in an attempt to present a 
view of all recorded thinking about the 
atom. Its structure, and the energy 
locked within it (182 pages, 5% by 8^! 
inches, a number of photographs and 
a few drawings) — $210 postpaid 

MINERALS OP MIGHT 

By William O. Hotchkiss 

W RITTEN in the form of a discussion 
among busmess executives trav- 
eling on a Great Lakes ore carrier, this 
book gives the reader information not 
only on iron, alummum, copper, salt, 
and petroleum, which are so closely 
interwoven m our civilization today, 
but traces the first known uses of mm- 
erals far back into history The author 
intelligently touches upon the future 
supply and conservation of our great 
mmeral resources He points out that 


all great cultures have developed and 
thrived during periods of exploitation 
of mineral resources, that the great 
civilizations of the past fell into oblivion 
when control of the sources of mmeral 
wealth was lost to other races or na- 
tions (206 pages, 5^/^ by 7Vz mches, 
maps, tables, and charts ) — $2 60 post- 
paid — WDA 

CUMULATIVE INDEX FOR 
VOLUMES I. IL III. IV, V AND 
VI OP THE CHEMICAL 
FORMULARY 

By H Bennett 

O WNERS of one or more of the vol- 
umes of ‘*The Chemical Formu- 
lary” mentioned above will find this 
cumulative index invaluable for ref- 
erence purposes It lists all of the for- 
mulas included in the six volumes, ar- 
ranged in strict alphabetical order with 
numerous cross references (164 pages, 
5Mi by 9 inches) — $410 postpaid — 
APP 

THE PACIFIC ISLANDS 
HANDBOOK 

By R W. Robson 

A nnual standard refeience book giv- 
mg for the many islands from 
Hawaii clear around to Sumatra the 
principal data on populations, anthro- 
pology, history, economics, native labor 
conditions, industries, and administra- 
tion Emphasis of this book is on trade 
and commerce (371 pages, 6 by 9V4 
inches, numerous maps ) — $4 10 post- 
paid —A GJ 

HIGH JOURNEY 

By Carleton Putnam 

W RITTEN by a man who combines 
literary qualities with the vitality 
and energy of a man of action Early 
chapters deal with fascinating flying 
adventures, particularly in the South- 
west Later the book portrays devotion 
in the cause of early airlines, the brief, 



ON TECHNICAL BOOKS 


Quemtities Limited 
Order Now 


Onginal 

TiiU Author Pneo NOW 


Scatterms of Light and the Raman Etfcct 

Bhagavantam $4 75 $2.50 


Hair Dyei 8C Hair Dyeing 


2 50 

Rad grove 

5 00 

Induitrial Research 


175 

Bichowtky 

2 50 

Chromotomee 



White 

1 50 

1 00 

Chemical Species 


2 00 

Timtnartnan* 

4 00 

Private Generatmg Plant 


1 75 

Proton 

2 50 

Substitutes 


2 50 

H Bannatt 

4 00 

Tin Solders 



Nightingale & 
Hudton 

2 75 

1 50 

Milling Practice 


1 00 

Molloy 

2 00 

Manual of Endocrine Therapy 

200 

Cinharg 

3 25 

Windows SC Window Glazing 


Molloy 

2 50 

1 50 

Tropical Fruits 


1 75 

Sukh Oval 

2 75 

Welding SC Metal Cutting 

2 50 

1 75 

Molloy 

Firepumps SC Hydraulics 

2 50 

1 25 

Poett Sc Harna. 

Handbook of Mica 


100 

Chowdhury 

6 00 

Stromberg Injection Carburetor 

Ftthar 2 50 

1 75 

Glue and Gelatin 


2 50 

Smith 

3 75 

Reinforced Concrete Construction 

1 50 

Cantall 

3 00 

Elementary Mathematics for 
Flaming 

Engineers 

2 50 I 50 

Methods 8C Analysis of Coal 

SC coke 

1 00 

1 50 

Aviation Instrument Manual 


5 00 

3 00 

Wiring Circuits 

Stuart 

2 50 

1 50 

Modern Oil Engine Practice 


3 00 

B Molloy 

5 00 

Aircrew’s Book of Practical Mathematics 

Robinson and 
Allan 

Pumps SC Pumping 

Molloy 

Rubber and Its Use 

Fisher 

Drug SC Specialty Formulas 

Belanger 

Plastic Molding ^ 

1 50 

2 00 

2 25 

6 00 

1 00 

1 00 

1 50 

3 00 



4 00 

2 00 

Insect Pests 



Flsrvey 

4 25 

2 50 

Adhesives 



Braude 

3 00 

2 00 

Fruit Pectins 



Fiinton 

1 75 

1 00 

Cellulose Chemistry 



Plunguisn 

2 25 

1 75 


To abovo pricoa add 10 cams domaacic pottage 
or each book For foreign pottage add 35 centt 
for each book ) 

(All prictt tubjcct to change without notice ) 
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ACHROMATIC WIDE-ANGLE 
POOR ELEMENT 
TELESCOPE OOJECTIVE 


f 



5 Inch effective focal length 

Outside diomefer front 1-9/16", 
bock 1-5/16" 

Coneistt of 

1) Achromatic plano-convex lone 
IVe" diometer, SVe F L Out- 
•ide surface ffuondo eootod 

2) Achromatic negotive lens in 
olumlnum mount, 1-1/16" 
diometer, —12" F L Outside 
surfaces ffuoride cooted 

2^ AAetol mounting (aluminum- 
magnesium olloy) 

Offers tnnumcd'sble utcst Excellent wide- 
engle telephoto lens{ superb enlerger end 
skdo projector lens, covers 2 Vs ^ x 21/^** 
piece t wide angle telescope objective for 
smell finders, for Schmidt cemeresi col- 
limator, and macro photo leas Many 
other uses will suggest themselves Works 
well with our focusing eyepiece A gem 
of beautiful optical workmanship 

OrilCAl IINI SHUT 
S4.OO 

A untoue adapts 
tioa of polaris^ 
light Us^ as a 
telescope and 
camera finder or 
shot gun sight, as 
well as for tarj^et 
sighting, cantering 
and leveling In 
eludes a mono- 
chromatic deep red 
filter* finely pol 
Ished, plane parallel, metal mounted i 
1-9/16'' diameter With mounting screws 


PMSM— IIIHT FLINT tUSS 



Fluoride coated, in mounting of aluminum- 
magneNum alloy, with ball bearing swivel 
Meets most exacting reauirements 1 9/16" 
by I 'A"* face Suitable as diagonal for 
reffectors up to 8", also as star diagonal 
on refractors These prisms can be used 
lo make Porro’s system No 2 erector 

SPECIAL ITEM 

Dove (inverting) prism, 9" long, face 
11/16" square B S. Crown 1.917. |1 00 

each 

To those who have purchased our focusing 

2 apiece we can supply an inverter, whtjcn 
reads into thair ocular, outside diameter 
1 Vi ", Price $7 00 This converts an as- 
tronomical talascope to tarrastrtal 
Soo our previous eds for other opticel 
bargains. 

Inclddn Postogc — Remif with order 
Catalog of Leases, Prisms, etc , 104 ^ 


HARKY ROSS 

Microscopes 

Scientific and Loborotory Apporotus 
70 WEST BROADW'Ay, N Y 7, N Y 


but eventful life of Pacific Seaboard, 
and the success of Chicago and South- 
ern, the airline of which Mr Putnam is 
president. This is one of the few books 
which have captured the true, ro- 
mantic, and courageous fiavor of a 
unique chapter m the history of Ameri- 
can aviation (308 pages, mcluding in- 
dex, 5% by 8 inches )— -$285 postpaid. 
— AK. 

SIMPLIFIED DESIGN OP 
STRUCTURAL STEEL 

By Harry Parker, M, S, 

O NE of a series of elementary books 
dealing with structural members 
used m buildings, this volume will serve 
as a handbook covering the most com- 
mon structural steel members Basic 
principles of mechames are dealt with 
and it IS shown how these principles 
simplify problems and lead directly to 
solutions The problems discussed range 
from simple to rather complex Tabu- 
lations necessary to the work are m- 
cluded (226 pages, 5 by 8 inches, 95 
drawings, 29 tables)— $2 85 postpaid 

THUNDER GODS GOLD 

By Barry Storm 

A ccounts of lost or buned treasure 
are always mtrigulng readmg This, 
a fairly well written book liberally in- 
terspersed with autobiographical data 
and photographs of the author, is a 
compilation of many stories well known 
throughout Arizona and the Southwest 
of the lost gold mines originally worked 
almost a hundred years ago by the 
Peraltas of Old Mexico, and of the 
author’s experiences m searching for 
them (166 pages, 6 by 9 inches, maps 
and illustrations) — $2fi5 postpaid — 
WDA 

EXPERIMENTAL^ITRESS 
ANALYSIS J- 

T his is a “top of the desk” book for 
any engineer who must design 
products which have the greatest 
strengths in the least spaces or with 
the least weights It should be in the 
libraries of purchasing agents and of 
many a sales manager The book con- 
sists of the proceedings of a meetmg of 
the Society For Experimental Stress 
Analysis There are 16 separate topics 
such as Shot Peemng To Improve 
Shock Resistance, with ongmal papers, 
discussions, and at least 200 bib- 
hographical references A list of mem- 
bers of the society is given There are 
dozens of such illustrations as photo- 
graphs, drawings and charts, and of 
tables and mathematical formulas (170 
pages, 9 by 11% inches)— $510 post- 
paid — E,L C. I 

INDUSTRIAL ELECTRIC 
LAMPS AND LIGHTING 

By Edwtn S. Lmcoln 

A rchitects, engineers, and others re- 
sponsible for lijghting installations 
in all types of mdustrial plants where 
proper illumination is important to in- 
sure efficient and high production will 




find this book mvaluable Every phase 
of industrial lighting, from battery-op- 
erated flashlights to the floodli^ting 
of an air-port, is thoroughly covered 
All types of lamps are discussed in de- 
tail — ^fluorescent, mercury, sunlight, 
bactericidal, and so on — together with 
the prqper types of fixtures to be used 
under various circumstances Correct 
location and methods of installmg lights 
in factories, offices, mmes garages, ma- 
chme shops, hangars, and even in fire- 
hazardous locations such as flour mills 
and grain elevators are elaborately ex- 
plamed with the aid of diagrams and 
charts (342 pages, 5% by 8% inches, 
over 200 illustrations, index.) — $310 
postpaid — W D A 

THE STORY OF LINEN 

By Wilham F Leggett 

T he study of textile fibers is not only 
of mterest to the cloth merchant 
but to the student of political economy 
also Although fibers have been culti- 
vated and woven into cloth for thou- 
sands of years, no definite date can be 
established as to when man fiwt in- 
vented the process of cloth making 
The author here gives a thorough, al- 
though brief, account of the kaiown 
history of linen, from its manufacture 
and use by the ancient Egyptians, down 
through the times of the Romans and 
the Middle Ages to its introduction into 
Colonial America (103 pages, 5 by 7% 
inches, index, unillustrated ) -^2 85 
postpaid — WJ^A 

DISCOVERY OF THE ELEMENTS 

By Mary E, Weeks 

i n RESPONSE to a steady demand, a 
fifth edition of this solidly infor- 
mative book is now available, revised 
and enlarged to contain much new ma- 
terial A veritable ^f fas- 

cinating infonnatkm for those inter- 
ested m the growth of human knowl- 
edge, this account of the discovery of 
the elements brings together as a con- 
nected narrative a vast amount of 
knowledge concermng the development 
of the science of chemistry, especially 
in its historic beginmngs (578 pages, 6 
by 9% mches, illustrations, index)— 
$4 10 postpaid— J C 

METEOROLOGY FOR PILOTS 

By Robert W. Mudge 

O NLY flyers know how really impor- 
tant a knowledge of weather con- 
ditions can be to insure safe flying 
To the many air-mmded owners and 
prospective owners of private planes 
this book summarizes all that a pilot 
should know of meteorology Written 
in non- technical language, it never- 
theless conveys the full meamng of 
the theories of meteorology and their 
practical application to every-day fly- 
ing practice Its convenient size enables 
it to be easily stowed in the plane’s 
map compartment or m the pocket of 
a flying jacket Useful also to the 
young man or woman who wishes to 
keep abreast of all phases of aviation 
(259 pages, 6 by 9 mches, easily under- 
stood diagrams and photographs )— 
$3.10 postpaid — WDA 
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Telescoptics 

A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

Editor of th# Scientific Amoricon books "Amateur Telescope Moking" 
and "Amateur Telescope Making— Advanced" 


I N THIS department m the October 
and November numbers Patrick A 
Driscoll described the design and use 
of a telescope mirror grmdmg and 
polishing machme of the vertical - 
spmdle, hand-lever type Now in this 
and next month’s numbers Dr Henry 
Paul, 119 North Broad St , Norwich, 
N Y, will describe his own machme 
(Figure 1) of the same general type, 
combmed with a polishing machme 
The grindmg part is seen on the right 
m the photograph, the polishing part 
on the left, but the grmdmg part alone 


motor is recommended if such a ma- 
chme has plain bearings, although a 
1/3 hp motor might be used For less 
power than this, ball bearings should 
be placed at the greatest friction 
points The motor was swung on a 
hinge at one side of its base, which 
facilitates the use of four mter- 
changeable motor pulleys, 1", 1'/^", 
2", and 2^/^" m size While the weight 
of the motor may hang on the belt 
alone, a rubber-cushioned wedge sup- 
portmg a part of the weight of the 
free side adds to smooth operation 


Starting from the motor, a V-belt 
drives a 1(K' pulley (Figure 2) on the 
jack shaft The latter is sup- 
ported m plam-bearmg, self-aiming 
hangers 

On the right-hand end of the same 
jack shaft, by means of a flange, is 
fastened a 10" by steel disk, its 
face machmed perfectly true and per- 
pendicular to the shaft Here, freedom 
from wobble affords beautifully smooth 
operation and is worth seekmg The 
disk might well be permanently weld- 
ed to the shaft and then machined 
true. 

The vertical grindmg spmdle proper 
was made from a saw mandrel having 
standard bronze bearings Its top end 
has a standaid 1" 8-thread (specified 
right-hand) The shaft of these sturdy 
mandrels is usually about 1 3/16" in 
diameter 

For the end -thrust bearing of the 
spmdle a thick brass plate, or disk, 
was fastened over the bottom end of 
the lower bearing, and a W' hole was 
drilled or turned just deep enough 
into the lower end of the shaft so that 
it would drop over about three fourths 
of a ball bearing After some 

operation such a ball will wear a 
small, efficient bearing point in the 
brass plate Lubricate well with a large 
amount of thin cup grease or heavy 
oil As a simple alternative the end of 
the shaft could itself, if turned to a 
dull -pointed cone, serve as a bearing 

The 10" faced disk drives a 2" by 
10" pneumatic tire fastened with rim 
cement to a heavy wooden disk turned 
to receive it Two cast-iron flanges — 
one on either side of the disk is best— 
were bored to a close sliding fit on 
the vertical shaft A small flat area 
was filed from top to bottom of this 
shaft and a %" setscrew from the 
upper flange against this keeps the 
rubber-tired, variable-drive wheel at 
the selected position on the vertical 
shaft Without the flat area, setscrew 
marks will soon result m a wheel that 
is hard to slide up or down the shaft 
A knee lever (flat board hinged on 
one side) permits the spmdle to be 
stopped almost instantly by hard knee 



Pbototntphf by Dr Henry Paul 

Figure 1 Henry PauFs combined grinding end poltsHing machine 


will be described this month Paul’s 
description is as follows 
It is often the desire of the amateur 
to have one machine which alone is 
capable of handling the greatest pos- 
sible variety of optical work This 
combination grmdmg and polishmg 
iittchine has very satisfactorily served 
f(rr the past five years in making 
highly varied optics ranging from 
ordmary //8 paraboloidal mirrors and 
optical flats to roof prisms and cor- 
rectmg plates for Schmidt cameras 
The same motor i$ used to drive both 
grinder and polisher A separating wall 
in the center of the machine serves to 
keep abrasives from straying over to 
the polishing side The grinding spindle 
will handle disks up to 12" diameter. 

The sturdy table, 2' wide, 3' long, 
and 3' high, was constructed of %" 
hard wood Drawbolts were used to 
fasten the square legs in place 
Lag screws were also used at key 
|K>mts Thus, joints may be tightened 
and the table kept solid 
A % hp capacitor t 3 rpe reversible 



Figure 2 Same mochine from below, with jock shaft ond spindle 
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SCOP^ 


A Popular Illustrated 
Astronomical Monthly 

for amateur astronomart — naw atar 
charts, Gleanings for telescope makers 
page for observers, and celestial photos 
Star charts for N and S Hemispheres 
#2 SO a )^er, domestic^ $3 00 in Canada 
and Pan-American Union; 113 50 foreign 
Single copy, 25 cents Sample on request 

SKY PUBLISHING COlPORATION 

Harvard Obaervatorjr, Cambridge 38, Mass 


TELESCOPE 


MAKERS 

QuaUty matertala of the RIGHT kind 
6* Kit — Olaaa, abraalvea, pitch, rouge and 
tnatrumenta $8 00 

LXN8 QRIKDBXU9. pitch, abrasives $6 00 

HOBBYGRAFS— INFORMATION— INSPECTION 
We offer you the benefit of our 26 years of 
experlMioe at this hobby Free price list 
Jonn M Pleree, 11 Harvard St , SprUHifleld, Vt 


IICPLKCTINQ TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIO PYRCX MIRRORa Made to Order 
correctly figured, polished, and parabolized Precise 
workmanship guaranteed Prices on request 
WE DO POLISHING, PARABOLIZING AND 
ALUMINIZING 

Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 

Q,P,0, Box 207, New Yorti, N, Y. 


ALUMINIZED 

SURFACE HARDENED COATINGS 

Get the BEST No change In prices 

PRECISION PLUS 

ALUMINIZED DIAGONALS, Rectangular 
pitch polished flats, suitable for 4"* short focus 
and 6" and S'* long focus scopes iVa^ x l^e^ 
Price, Ret to 'A wavelength |2 50 ca dat 
to Va wavalength fl3 50 ea , flat to 1/10 wave- 
length d3 00 ea 

LEROY M. E. CLAUSINQ 

5507-55Gf Lincoln Ave Chicago 75 , 111 



COMPLETE HIGH-GRADE KITS 
OUR SPECIALTY 

Each kit hgf two glagg diaca 
(comet thickneti) tempered 
pitch, 8 agsorted abragivei 
including rouge (fewer may 
not give perfect optical aur- 
face), initnictiongf FREE 
ALUMINIZED DIAGON- 
AL, etc. 

Mirrors for Cameras, Range Finders 
4" Kit 42 95 (Pyrax. 44 00) 

6" Kit 4 00 (Pyrex, 5 50) 

S'* Kit 6 50 (Pyrex, 8 00) 

10'' Kit loco (Pyrex, 15 00) 

12" Kit 15 00 (Pyrex, 25 00) 

PRISMS ^3.73, l>/2" ^4.30 

ALUMINIZING 

A hsatder and brighter aluminum catting that la 
uniform and producaa a lasting and auperior re- 
fiectiag aurface Guaranteed not to poet or blister, 

•" $240 

8" $8.80 

tO" $8.00 

Mirror, for Camera,, Range Finder, 
and other optical inMruments 

wrii* Im freb illustrated catalogue 

THE PRECISION OPTICAL 

1001 Bast 10$rd Strati 
Naw York 80, N. Y. 
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pressure, a really quick stop may 
*'save all*’ Until the switch is off, the 
tire skids on its driving disk. At the 
pomt where the shaft passes through 
the bottom of the 24" by 8" heavy- 
gage pan is soldered a sleeve hi^ 
and about larger in diameter than 
the shaft. Under the 1'' 8-thread hex 
nut, which serves as a shoulder on the 
same shaft, or spindle, is placed a cir- 
cular washer of soft ^ummum turned 
down at the edges This effectively 
keeps water and abrasive out of the 
bearing Warning Put a high-water 
mark on the pan A drain plug also 
would be handy. 

The hand lever, or pin bar, should 
be at least 9/16" or %" m diameter 
A Ml" shaft hanger permits universal 
motion at the attached end. Three 
cables, the third permitting a re- 
versing switch (very handy to run 
laps off their thread) run along this 
bar (a tubular pin bar with the cables 
inside would be neater and easier to 
clean) to the on, off, and reverse 
switch fastened within reach of the 
thumb at the hand grip. A bicycle 
handlebar grip is good here The best 
clamp I have found for holding the 
central pm on the bar was made from 
a Castaloy laboratory clamp (the 
former No 20195, now No 5-766, 
Elmer and Amend, 633 Greenwich St., 
New York, NY) Ordmary cast-iron 
clamps break easily (goodbye mirror), 
while a sohd support cannot be easily 
removed for cleaning 
The head plates for attachment of 
the mirror lenses were made by 
brazing 1" 8-thread hex nuts to y 4 " 
or %" thick disks 
Speeds of this grinding head may 
be varied from 0 to about 400 rpjn 
The operation is smooth and quiet 
Ordmary dry soap applied to the tire 
stops any tendency to squeak 
awl of Henry Paul’s description 
of his grindmg spindle Next month 
he will describe the successful and 
nearly umque polishing part of his 
combination machine, with the mirror 
rotating constantly in an edgewise 
position in a bath of rouge water, and 
working while you sleep 

A ttentive readers will recall that 
in the November 'number Driscoll 
urged not exceeding a spindle speed 
of 200 rpjn, wammg, “Faster, disas- 
ter ” Tliey may thei^ore ask how 
Henry Paul gets away with double 
that speed (quadrupled centrifugal 
force) For one thing, his b an espe- 
cially well balanced machine. For an- 
other, its user b especially well pro- 
tected by a thick splash pan turned 
over a heavy ring. And the 400 rpjn 
18 , an 3 rway, only its outside speed, sel- 
dom attempted. Just exactly what hap- 
pens by way of dbaster? Unpredict- 
able. Aidced whether he had ever lost 
control of a mfaror Paul replied, “Yes, 
one flew off and put a dent in the pan 
but luckily did not chip the mirror, 
or me” An 8" mirror at 400 rpjn 
represents a peripheral speed of about 
10 miles an hour and might only knock 
the wind out of the recipient Yet who, 
except the indestructible Popeye, would 
choose to be hit by such a slug’ 
“Reasonably safe speeds,” Paul com- 


ments m a letter, “go up to about 400 
edge feet per mmute, corresponding 
to 150 rpjn for a 10" mirror, 200 
r p m for an S'’, 250 r p m. for a 6" ” 
Leo J Scanlon of Pittsburgh, who 
abo has used the hand-lever type of 
machine, reports that “while grmding 
does proceed at a rate proportional to 
the pressure applied, sp^ of rotation, 
and amount of overhang, and there 
IS a strong temptation to speed up the 
machine, high speeds throw off the 
abrasive wastefully Also, seizure, if it 
occurs, takes place so quickly as to 
end in dbaster if the grinding sur- 
face becomes dry or warm It b abo,” 
he continues, “a delicate venture to 
entrust the mirror, m the last stage 
of toe grinding, to a rotating tool, 
though 1 have done it frequently 
Usually in this last stage and one or 
two preceding it I do not use the 
pivot pm but hold the mirror in my ^ 
hands, with my foot on the motor 
switch (Paul too states that he grinds 
the last ten mihutes by hand with 
mirror at 5 rpjn — ^EJd) I abo try 
always to avoid passing the mirror 
over the center of the tool, since that 
favors seizing, especially the mir- 
ror IS not yet spherical Incidentally, 
we always try to finish a mirror in 
toe grindmg with a sillily raised 
center It then is easy to get a sphere 
by polishmg” 

Scanlon mentioned, above, the ef- 
fect of centrifugal force in throwing 
off the abrasive Here Paul commenb, 
“Increasing the viscosity of the water 
used will retard centrifuging off the 
abrasive before it is broken down, and 
therefore will decrease grinding time 
To accomplish this, household gelatm 
may be used, or ‘Metamucil-2,* a drug- 
store powder which may be stirred 
into the water until the desired viscosi- 
ty IS reached But thb thickening of 
the grinding water b recommended 
only for the hogging out part of pro- 
ducing deep curves such as f/O 6 to //2, 
where working times of 50 to 100 
hours have been reported. Here the 
worker will soon speed up his machine 
to hurry the job along Thickening of 
grinding water offers no advantage at 
slow speeds and should not be done 
with toe abrasives at any speed On 
shallow curves it is not worth the 
bother, as these work out in a very 
short time on the vertical spindle In 
general, the hand-lever machme re- 
quires more skill to obtam much faster 
resulb than other types of machines” 
Apropos, not of maciiines but of Paul, 
is a distinct contribution of hb to 
the art of rough figunng by fine grmd- 
ing of ^spherical surfaces such as 
Schmidt corrector plates “My luckiest 
tod,” he says, “is the use of the 
roimd, dun, microcope cover glass held 
down and moved about by the finger 
and used on the rotating dbk just as 
the thumb Is sometimes used m zonal 
figuring polishing Such cover glasses 
are from to m diameter and 
only 0002” to 0005” thick and are 
therefore flexible under the finger” 
This method might prove applicable 
when rough figuring mirrors of such 
depth of curve that the greater part 
of the parabolizing b preferably done 
m grinding. 
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Activattd carbon 
Actuatora, linear 
Adhauvea, ream 
Airatripa, aaphalt 
Alarm* 

^ Clock, varaatile 
Pita 

Alcohol firom fanna 
Aluminum 
Bearinga 
Dlmplmg 
^ Pamt on 
Tank car, firat 
Anmvcraary Featurea 
Hiatory of 

Bleclricity and Blectronica 

Qlaaa 

Highway Tranaportation 
Marine Tranaportation ^ 
Petroleum 
Scientific American 
Aoti-fot glaaa 
Aprona, ray! reain 
Am-oxygen cuta heavy ateel 
Aaphalt airatnpa 
Atomic bomba 
Atomic power: 

How aoon? 

Optniona on 
Atttomobilea 
America on wheela 
Dnvera, handicapped 
Blectronica on the road 
**j99p** poat-war 
Motor cara tomorrow 
Plaatica in . 

Rubber, aynthetic In 
Aviation* 

Aircraft iacka, air 

Aircraft lubricating centraliaed 

Airplane production aurvey 

Buaineta fli^hta 

Cargo by air 

Control unita, aircraft 

Bngme. liquid cooled 

Bngme, two-cycle 

Bnginea, aelecting 

Pe^er linea 

Plying aide 

Qaa turbine poaaibilitiea 

Jet propelled plane, faateat flight 

Plane— DC-« 

Poat-war flying 
Private flight 
To Burope by air 
Transoceanic 


Battery aeparatora 
Bearinga* 

Alloy 

Aluminum 

Bench 

Furnace 

Lathe 

Bit, expanaive 
Blaat cleamng 
Bomba, atomic 
Bottle 
Breakage 
Watcher 
Brakee, power 
Bruahee, power 


Cabin-car, railroad 
Cable ape^ increased 
Canned arms 
Car apringa 
Carbide gage blocks 
Carboloy inserts 
Carbon, activated 
Cargo 
By air 
Dropping 
Casting 

Lost wax at work 
Styrene pattema 
Vacuum 

Cathodic protectioo 
Center 
Locator 
Scope 

Chemicals, handling 
Chamistry, 
iNkI for Jett 
I«ra-red in industry 
R^areh for amall buameaa 
Rubber, aixlomotive 
^ Water, a marine problem 
Chrmeium, porous 
Clamd; 


Cleanmg 

Blaat 

53 

Filter cleaner 

54 

Steam 

178 

Tissue 

57 

Clothing, safety 

51 

Coal, packaged 

Costings, plastics 

54 

50. 212 

Collets, new 

57 

Color conditioning 

46 

Compacts, meul and plastics 

296 

Compass, pocket 

86 

Concrete: 

Curing teats 

367 

Drilling, speeded 

114 

Connectors, colored plastics 

24 

Controls, sensitive 

336 

Conveyors 

Belts can carry It 

132 

Drive 

312 

Flexible 

115 

Coolant 

245 

Copper tubing, industrial 

Cord, plastics insulated 

344 

375 

Corrosion 

Loss 

46 

Protection 

49. 348 

Countersink 

374 

Crystals, silvered 

92 

Cutting, arc-oxygen 

181 

Cutting oil comes back 

151 


DOT troubles 286 

Defrosting by electronics 2 

Die grinder, air cooled 370 

Dies 

Changing 312 

Stam^ng 121 

Diesel fuel 309, 358 

Dimpling, aluminum 56 

Oiatiller'a grama, feed from 348 

Distortion, welding 20 218, 344 

Dovetails, automatically produced 179 

Drawmg, deep 101 

Drill, side handle 56 

Dusting, electronic 2 


Bar plugs 
Blectnc meters 
Electricity on the farm 
Blectronica 
Afloat 
Ball sorter 
Control m the air 
Defroating by 
Dusting 
Bconomica of 
Food processing 
Olasa and 

Metal stitching control 
Molten metal pouring, controlled 
On the road 
Pipe &ider 
Piston ring gaging 
Pre-heat control 
Raaor blade inspection 
Refinery 
Solution control 
Steel-to-glaae seal 
Bxijgmeering 

l^t wax at work 
Machine tool magic 
Noise, importance of 
Predaion quenching 
Engles 

weraft, selecting 
Detector 
Qaa-Dieael 
Ught 

Liquid cooled aircipft 
Two-cycle 
Burope by air 
Export packaging 
Byeaight, better 


222 

351 

26 

2 

2 

349 
241 
165 
280 
167 
90 
167 
92 
86 
280 
278 
280 
168, 366 


SMel utate lifting 


Fabric fires 

Facsimile transmission 
Forma: 

Alcohol from 
Blectiicity on 
Feathers, saving 

Fertilixer from plaatica plant waste 
Fibers, scorched, revived 
File, lathe 

Film width, measuring 
Filter cleaner 


Finishing 

110 

Metal parts, fast 

Two-color finishes 

Fire 

368 

Alarm 

154 

Escape, steel 

186 

Extinguisher valve 

183 

Bxtinguishers, bus 

244 

Fabric 

367 

Fire-proof gasoline 

Fixtures, air-operated 

176 

368 

Float valve 

115 

Flaring, double 

50 

Fluorescent lamp housing, plastics 

311 

Pood processing, electronic 

241 

Force measurement 

243 

Forging furnace 

245 

Forming pad 

242 

Fungi detection 

286 

Fungicide, mercury 

164 

Furnace, bench 

180 

Furniture, plastics In 

296 

• ~ G — 




Blocks, carbide 

373 

Plug 

114 

Roughness 

Gas 

119 

Helium 

364 

In bottles 

39 

Packing 

306 

Qas-Diesel engines 

Gas turbine 

108 

Fuel for jets 

162 

Locomotive 

109 

Possibilities 

159 

Gasohne, fire proof 

Glass 

176 

Electronics and 

165 

Hangars 

113 

Msts 

160 

Metal collaboration 165, 

168, 366 

Solansation 

174 

Gloves, compar 

310 

Glycols, useful 

43 

Grade crossings, prefabricated 

116 

Greenhouse lamps 

177 



Hangars, glass 

Hardaess tester 

113 

243 

Heels, plastics 

Helium 

24 

**Mightlest nothmg** 

364 

Tracer gas 

237 

Hermetic sealing 

Highway transportation 

54 

Motor cars tomorrow 

234 

Petroleum pavements 

87 

Power brakes 

355 

Hose, metallic 

55 

Hoemtal^ all-welded 

Hydraulic tester 

48 

374 

— I — 

Induction heating 

49 

Infra-red m industry 

40 

Ink, wiring with 

Insecticide 

316 

DDT troubles 

286 

Pepper alkaloid in 

164 

Synthetic 

50 

Insulation, liquid, PiB 

112 

Irrigation, plastics tubes 

185 

— J — 


‘*Jeep*’ post-war 

Jet propulaion 

103 

Fastest flight 

95 

Fuels for 

162 

— L — 


Labeling, safer chemicals 

286 

Lamps greenhouse 

Lathe 

177 

Bench 

376 

Pile 

308 

1 Layouts, plant, scale model 
! Lent 

30 

48-incb photographic 

SO 

Magnlfymg 

311 

Lightning atreater, plastics cover 

112 

Linear actuators 

S3 

Lithium, servant metal 

1 I«ocomotives 

390 

Oas turbine 

109 

Turbine 

171, 173 

Lost wax at work 

334 

Loupe, plastics frame 

Lubricants 

313 

Aircraft lubricating 

89 
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383 


Water 

82 

Lubrication, portableSumt 

117 

— M — 

Machine tool magic 

79 

Machining plastics 

216 

Mamesium 

Alloys as fire haxards 

344 

Possibilities 

258 

Pumping 

292 

Magnetic alloy 

101 

M agnetochemistry 

107 

Magnets, permanent 

36 

Marker, electric 

182 

Marking pot 

310 

Mats, glass 

180 

Measurement, force 

242 

Megathcrm, detachable oven 

118 

Mercury fungicide 

164 

Metal powders, post war use 

101 

Metallic hose 

55 

Metals in industry 

Aluminum bearings 

170 

Blackened stainless 

170 

Qlass-meta* collaboration 

165, 168, 366 

Lithium, servant metal 

290 

Molten, pouring controlled 

167 

Permanent magnets 

36 

Powder metallurgy 

99 

Preplated 

170 

Two in one materials 

342 

Meters, electric 

IIS 

Microscopes shop 

248 

Milling cutters 

220 

Models, plant layouts 

20 

Motion study 

2 

Motor cars tomorrow 

234 


* -o- 


Oil, see Petroleum 

Oil refining, economics of 

89 

Oxygen tents, plastics • 

296 
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Packaging 

Coal S4 

Export 214 

Pre packaging 2 

Pamt ^ 

Fire repellent 116 

On aluminum 112 

Protecting 244 

Shaker, 50 gallon 52 

Two>color fimah ^ 368 

Parallel Imee. drawing 244 

Patent Council, National 322 

Patents 

Licensing 66 

War stymied 66 


Pavements, petroleum 87 

Pen, ball bearing 1 14 

Penicillin 

Administered by mouth 286 

Production 286 


Pepper alkaloid, in insecticides 
Petroleum 
Oas in bottles 
In plastics processing 
Morejoil from.wells 
Oil exports 
Oil for ships* turbines 
Oil quenching 
Oil resources 
Oil rush 
Pavements 
Raw materials in 
Reftnery electronics 
Scientific searching 
Weed killing spray 
Photo dryer 
Photometer 
Pina, self'lockmg 
Pipe finder, electronic 
Piston nngs, quick gaging 
Plastics 

Automotive 

Better heating 

Cable speed increased by 

Coatinn 

Colored connectors 
Combined with fabrics 
Compacts 

Fluorescent lamp housing 
Furniture use of 
Heels 

Insulated flexible cord 
Imgption tubes 
Laminated 
Machining 
Marine uses of 
Molded wood 
Oxygen tents 

Petioleam in plastics processing 

Plates, gummed g 

Tape, thermoplastic 

Transparent 

Two io-one materiala 

Ventilating ducts 

Wo^ fimah 


164 

29 

294 

360 

89 

225 

154 

227 

258 

87 

227 

278 

31 

363 

120 

113 

309 

167 

92 


83 
22 
348 
SO, 213 
24 
120 
296 
311 
396 
24 

m 

155, 307 
216 
210 
212 
296 
294 
242 
370 
86 
342 
24 
322 


Yam 

178 

Your home in 

338 

Plug gages . 

114 

Plywood. 

Radio masts 

86 

Sensitised 

no 

Potarixer 

233 

Powder metallurgy 

Miracle or mirage? 

99 

Press 

114 

Tungsten broadens use 

177 

Power 

Atomic 

238, 284, 322 

Brakes 

355 

Plants 

On wheels 

32 

Packaged 

196 

Trams 

46 

Precision quenchmg 

274 

Pre heat controlled electronically 

86 

Pre-packagmg • 

Pre-plated metals 

2 

170 

Press 

High speed 


Powder-metals 

Punch 

308 

Pressure 

Foot, drill guide 

375 

Switch 

122 

Print machine 

307^, 

Protein recovered 


Pumps 

Portable 

54 

Vacuum 

50 

Punch press 

308 

Psrrometer, plasties encased 

118 

— Q — 

Quenchmg, precision 

274 

— R — 

Radar, marine 

224 

Radio 

FM converters 

113 

FM receiver 

177 

Interference reduced 

111 

Masts 

86 

Proximity fuse 

322 

Railroad 

300 


Transmitter uses 8 channels 106 

Which modulation? 2 


Railroad 

Cabin^car ^ 304 

Car sprmgs * 34 

Chasing water pockets ^ 298 

£>ragging equipment on 300 

Power plants on wheels 32 

Power trams 46 

Radio 309 

Research 34 

Turbine locomotives 109,173 

Turbmes on rails 171 

Rat killer 286 

Raxor hades, inspected by photocells 280 

Reconversion 

Research and 66 

Steel 292 

Rectifiers, selenium 110 

Research 

Expanding, predicted 303 

For small Duainess 346 

Improving on 66 

Railroad 34 

Reconversion and 66 

Tomorrow 132 

Resin adhesive « 110 

Resistor, bank-type 249 

Rivet gun 122 

Rubber 

Conductive 121 

Stencil 118 

Synthetic 

Automotive 96 

Tires, biggest • 112 

Tracks 108 


— 


Safety 


Clothing 

51 

Plug 

245 

Sawdust, board from 

322 

Scrap recoveryt chemical 

161 

Sealmg 


Hermetic 

54 

8teel-to-glass 

165, 168, 366 

Unit 

340 

Shear, electric 

120 

SIdps 

Oil for turbines 

22S 

Pasties take to the water 

• 210 

Welding wma 

. 218 

Silicone, elastic 

y 368 

Silvered crystals 

/ 92 

Sky-hook television j 

/ 196 

Smoke stack, steel / 

120 

Smokeless cities jT 

258 

Sodium methylate X 

302 

Solarixation of glass X 

174 

Soldermg stand X 

306 

Solution control, electxnnic 

280 


Sorter 

Ball 

Metal 


Specific gravity determination 
Splined nut 
Sprayer, alloy 
Stainleos steels 
Blackened 
Curved tanks 
Sutures 
Stamping dies 
Steam ^eaning 
Steel 

Alloy, future of 
Fire escape 
Reconversion 
Smoke stack 
Stencil, rubber 
Stiffening metal sheets 
Stitching, metal 
Struts, hollow 
Styrene patterns, melting 
Sun glasses, gradient-density 
Sunlamp 

Supercharger, small 
Supercharging used on gas engines 
Sunacer 

. . Sutures, stainless steel 
► Sweeper, power 
Witch, pressure 


Tablet maker 

Tanks, curved stainless steel 
Tape, thermoplastic 
Television 

From airplanes 
Receivers, cost 
Tension vibrator 
Tent cloth synthetic 
Tester 
Hardness 
Hydraulic 
Timer, millisecond 
Tires, biggest 
Tool blanM 
Torpedo recovery 
Tower, triangular 
Towing handle 
Transoceanic travel 
Trucks 
Hand 

Operation simplified 
Tungsten, broadens use 
Turbines 
Locomotives 
On rails 


— U — 

Upholstery material 

Vacuum 

Casting 

Pump 

Valve 

Extinguisher 

Facing 

Float 

Ventilating ducts 

Vibration located by electronic pick up 

Vibrator, tension 

Vise, speed 

Visibility, stripes for 

Voltammeter, new 


_ W 


War trends, aerial 
Water 

Lubrit -nt 

Marine uoiler problem 
Pockets in railroad tracks 
Weather machine 
Weed killing petroleum spray 
Welding 

All-welded hospital 

Arc, buckled'plates 

Oistortion 

Electrode 

Flux 

Hasards 

Production 

Resistance, reduces air drag eti plane 
Seams, automatic 


X — 


Y — 


Shock eliminated 
Winng 
Kit 

With ink 
Wood 

Acid-proof 
Finish, plastics 
Hardn^ testing 
Molded 

Wrench, Impact 


X-ray, analysis by 


Yam, plaatics 






